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SUMMARY. The activity of atypical or non tuberculous mycobacteria (NTM) as pulmonary pathogens has been recognized even in
immunocompetent individuals. The Mycobaterium avium complex
(MAC) is the commonest of the 130 NTMs and comprises two species,
M. avium and M. intracellulare. For the treatment of pulmonary MAC
infection combination of a macrolide (azithromycin or clarithromycin) with rifampicin and ethambutol is required. An aminoglucoside
(streptomycin or amikacin) should be added in cavitational or severe
disease. The treatment is long and expensive, of uncertain efficacy
and with serious adverse effects. One quarter of patients either fail
to become culture negative or relapse despite treatment. In addition,
only 52% of appropriately treated patients show clinical improvement. Resistance to macrolides is a significant negative prognostic
factor. As in the case of antituberculosis drugs, the main mechanism
of resistance development is prior exposure to monotherapy. Three
cases are presented of MAC pulmonary infection with resistance
to macrolides, which probably developed secondary to prolonged
use for the treatment of exacerbations or maintenance therapy of
bronchiectasis. Because of the increasing prevalence of NTM infection, the presence of nodules and bronchiectasis in a patient with
pulmonary symptoms should raise the suspicion of NTM disease.
The administration of macrolides without sufficient evidence poses
the danger of development of resistance in the case of undiagnosed
NTM disease, and testing for acid-fast bacilli is imperative before
initiation of treatment of bronchiectasis with macrolides. Pneumon
2013, 26(2):190-195.
Introduction
Atypical or non tuberculous mycobacteria (NTM) have attracted in-
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creasing attention internationally as their activity as
pulmonary pathogens has been recognized, even in nonimmunocompromised individuals (1,2). The most common
presentation of NTM infection is pulmonary disease which
is radiologically characterized by nodules, bronchiectasis
and cavities which have the same morphology as those
of tuberculous cavitation (1). The Mycobaterium avium
complex (MAC) is the commonest of the 130 NTMs and
comprises two species, M. avium and M. intracellulare (13)
. As these two species cannot be differentiated on the
basis of physical and biochemical properties, currently
the treatment is the same for both (1).
Macrolides such as clarythromycin and azithromycin
are the cornerstone of treatment of NTM infection (1,4,5).
Three cases are presented here of MAC pulmonary infection with resistance to macrolides, most likely secondary
to their prolonged use for the treatment of exacerbations
or maintenance therapy of bronchiectasis.
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Figure 1. Case 1. 68 year-old female with bronchiectasis and
infection with Mycobaterium avium complex (MAC): Chest CT
3 years before diagnosis showing cavity of the left upper lobe
and multiple bilateral pulmonary nodules.

Case 1
A 68 year-old woman presented with a 6 year history
of productive cough, haemoptysis and breathlessness on
exertion. M. intracellulare was isolated from her bronchial
secretions. The patient had received corticosteroids over
the 2007-2009 period on the grounds of a presumptive
diagnosis of cryptogenic organising pneumonia (COP),
but with no improvement of her symptoms. In 2009 chest
computed tomography (CT) revealed a cavity of the left
upper lobe, consolidation, bronchiectasis and bilateral
pulmonary nodules (Figure 1). As there was generalized
deterioration of the radiological picture the diagnosis of
COP questioned and the patient underwent bronchoscopic examination. M. intracellulare was cultured from
the bronchoalveolar lavage (BAL), but at the time this
was considered to be a non pathogenic incidental finding
and the patient was treated with macrolides twice weekly
and bronchodilators, but with no improvement in her
symptoms. Chest CT in 2012 revealed resolution of the
cavity of the left upper lobe, but a new cavitation in the
right upper lobe, consolidation and nodules (Figure 2).
There were no comorbid conditions and the patient’s
general health status was good, but the symptoms of
productive cough and breathlessness on exertion persisted. The results on haematological, biochemical and
immunological testing were unremarkable. On the basis
of the clinical, radiological and bronchoscopic picture the
diagnosis of pulmonary mycobacterial infection with M.

Figure 2. Case 1. 68 year-old female with bronchiectasis and
infection with Mycobaterium avium complex (MAC): Chest CT
at diagnosis showing resolution of the cavity of the left upper
lobe, but new cavitation in the right upper lobe, consolidation
and nodules.

intracellulare was and combined treatment was started
with rifampicin, ethambutol, amikacin, moxifloxacin
and isoniazid. The M. intracellulare strain was resistant
to macrolides, attributed to their use as maintenance
therapy for brochiectasis. Two months later the patient
showed significant clinical improvement with gradual
resolution of symptoms, weight gain and a fall in the
erythrocyte sedimentation rate (ESR), and had become
also culture negative.
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Case 2
A 63 year-old male patient with a history of coronary
disease and chronic obstructive pulmonary disease (COPD),
presented with a 3 year history of productive cough. In
2010 he had been admitted to hospital for investigation
of haemoptysis and had received antituberculosis (TB)
treatment on the basis of clinical and radiological findings, but with no bacteriological confirmation. There had
been no improvement of symptoms during the treatment
period and chest CT in 2011 showed subpleural ground
glass shadowing and bronchiectasis predominantly in the
right upper lobe (Figure 3). Over the preceding 3 years this
patient had received repeated courses of macrolides for the
treatment of presumed exacerbations of bronchiectasis,
which resulted in temporary improvement of his cough.
Pulmonary function tests were within normal range.
Chest CT on admission showed radiological progression with the ground glass shadowing now presenting as
nodules (Figure 4). Baseline blood tests were unremarkable apart from elevated ESR (48mm/h). Two sputum
cultures grew M. avium, resistant to macrolides and the
patient was started on combined treatment with rifamputin, ethambutol, isoniazid, moxifloxacin and amikacin,
which resulted in significant clinical improvement within
2 months.

Figure 3. Case 2. 63 year-old male with bronchiectasis and
infection with Mycobaterium avium complex (MAC): Chest CT
one year before diagnosis showing bronchiectasis and bilateral
pulmonary nodules.

Figure 4. Case 2. 63 year-old male with bronchiectasis and
infection with Mycobaterium avium complex (MAC): Chest CT
at diagnosis showing consolidation, bronchiectasis, cavitation
and nodules bilaterally.

Case 3
A 56 year-old female patient presented with a 3 year
history of productive cough, occasional blood stained
sputum, low grade fever and shortness of breath. Chest CT
in 2009 revealed bronchiectasis in the lingula. Because of
sputum cultures positive for Pseudomonas aeruginosa had
been receiving macrolides twice weekly for the previous
two months. Appropriate treatment with antipseudomonal
penicillins resulted in only temporary improvement.
Chest CT in 2013 revealed radiological deterioration
with bilateral “tree in bud” changes and consolidation
(Figure 5). Haematological, biochemical and immunologi-

Figure 5. Case 3. 53 year-old female with bronchiectasis and
infection with Mycobaterium avium complex (MAC): Chest CT
at diagnosis showing, bronchiectasis and multiple nodules
bilaterally.
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cal testing showed no abnormalities. BAL fluid culture
grew M. intracellulare, resistant to macrolides. Combined
treatment consisting of rifamputin, ethambutol, isoniazid,
moxifloxacin and amikacin was prescribed.

Discussion
Apart from their undisputed role in the treatment of
lower respiratory tract infections, macrolides have, over
the last 30 years, have also proved to have significant
anti-inflammatory and immunomodulatory properties
(6)
. These properties have been demonstrated by in vitro
and experimental observation (7), and have also been
observed in clinical practice (6,8,9), in the treatment of diffuse panbronchilitis (8) and cystic fibrosis (CF). (8,10). In CF
their action includes the breakdown of the P. aeruginosa
biofilm and attenuation of its virulence factors (6,11). It
should be noted that these anti-inflammatory properties
are observed at concentrations lower than those given
for treatment of MIC. On the basis that improvement of
pulmonary function and reduction of exacerbations have
been observed in prospective trials, the formal guidelines
now support the use of low dose azithromycin for patients
with CF colonised by P. aeruginosa (12).
The use of macrolides in non-CF bronchiectasis is
based on extrapolation from the above studies, but does
not have adequate trial support. According to recent
studies the use of macrolides, principally azithromycin,
in subtherapeutic doses reduces exacerbations and bacterial load and improves pulmonary function in patients
with bronchiectasis (13-15), but these were studies of small
numbers of patients and the heterogeneity of their design
does not permit safe cumulative result deduction. This is
the reason the recent guidelines of the British Thoracic
Society (BTS) Bronchiectasis non-CF Guideline Group
concluded that in order for the role of macrolides in
non-CF bronchiectasis to be defined, larger randomised
controlled trials need to be conducted (16).
The principal disadvantage of long term administration
of macrolides is the development of resistant microbial
strains (11,17). This is already apparent in Greece where the
macrolide resistance of Streptococcus pneumoniae exceeds
25% and essentially precludes treatment of community
acquired pneumonia (CAP) with macrolide monotherapy,
in contrast with many other places in the world which
report much lower percentages of macrolide resistance
(18,19)
. In the same way, the long term administration of
macrolides for the treatment of frequent exacerbations
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of bronchiectasis enhances the development of resistant
strains of NTM (11,17).
Bronchiectasis and NTM infection, especially MAC,
often co-exist and sometimes it is impossible to discern
whether the NTM is the cause of the bronchiectasis or
the reverse (1,20). Patients with NTM infection often have a
background of chronic respiratory disease such as COPD,
old TB, lung cancer or bronchiectasis (1,2). A recent study
showed that patients who had actual disease caused by
NTM, as opposed to colonisation only, were more likely to
have bronchiectasis (2) and the extent of the bronchiectasis was related to the persistence of positive cultures (20).
The co-existence of other respiratory conditions in
patients with NTM makes the diagnosis of NTM infection
more difficult and time consuming. The cases reported
here presented with typical symptoms and findings, but
in all the patients the final diagnosis of MAC pulmonary
infection was made several years after the onset of their
symptoms. This is not unusual, since 8% of patients considered to have Tb have been found to be suffering from
mycobacteriosis due to NTM (21). A possible explanation
may be the low level of suspicion, particularly in countries
where Tb is significantly more prevalent. In that setting,
the decision to treat Tb based on clinical and radiographic
findings, without microbiological confirmation, presents
the danger of missing the diagnosis of NTM infection, as
in case 2.
The delay in diagnosis and the administration of
macrolides in spite of MAC presence in the BAL in case 1
and without testing for NTM in the other two cases may
in practice reflect the general view that NTM infection
is limited to immunocompromised patients. Current
documentation, however, indicates that only 25% of
patients with confirmed NTM infection are under immunosuppressive treatment (2). The prevalence of infection
due to NTM is rising worldwide (2,4,22) and in some areas is
even higher than that of Tb (2). It is therefore evident that
the sputum of patients with bronchiectasis should be
tested for acid-fast bacilli (AFB) both with Ziehl-Neelsen
stain and molecularly (AMTD-Genprobe). The molecular
method is indicated even for stain-negative samples. In
the case of a positive stain but negative molecular test,
NTM should be suspected if clinical and radiological
findings are consistent with this diagnosis. A second
negative molecular test for Tb renders the diagnosis of
NTM infection highly probable.
Pulmonary NTM infection is more common in adults
of middle or older age and particularly women (1). Since
NTM are ubiquitous, their presence in one sputum sample
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does not confirm the diagnosis. According to the American
Thoracic Society (ATS), suggested criteria for diagnosing
NTM lung disease consist of: 1) pulmonary symptoms, 2)
the presence of nodules, cavities or bronchiectasis, and 3)
positive culture from at least two expectorated sputum
samples or one bronchial wash or lavage (1). The NTM most
commonly responsible for pulmonary disease is MAC (1-3).
The treatment of MAC infection consists of combination
therapy with a macrolide (azithromycin or clarithromycin), rifampicin and ethambutol. An aminoglucoside
(streptomycin or amikacin) should be added in the case
of cavitational or severe disease. The introduction of the
newer macrolides in the treatment regime of pulmonary
MAC disease is a major therapeutic advance. In addition,
macrolides are the only drug in the treatment of MAC
disease for which in vitro susceptibility corresponds with
clinical efficacy (1,23).
Patients with MAC pulmonary disease should be
treated for a period of 12 months after sputum cultures
have become negative (1,24), but the treatment is expensive,
has significant adverse reactions and is often ineffective
(2,25)
. In contrast to Tb where cure is achieved in the vast
majority of cases, because of the susceptibility of most
strains, the outcome of pulmonary MAC disease is less
certain, similar to the case of multi drug-resistant Tb.
According to studies conducted in immunocompetent
adults, one quarter of patients fail to become culture
negative or relapse despite treatment (26,27). Mortality even
for those receiving treatment is as high as 22% (28), but
this percentage reflects all-cause mortality and patients
with NTM infection are usually old and have multiple comorbidities. Regardless of this, the poor outcome of MAC
infection is unquestionable since 53% of patients with
pulmonary MAC disease and bronchiectasis deteriorate
in a period of 10 years (24) and only 52% of appropriately
treated patients show clinical improvement (23).
Based on the evidence reviewed above, treating pulmonary MAC infection presents significant challenges to
the clinician, particularly when the organism is resistant
to macrolides. In a study of 51 HIV negative patients infected with resistant MAC, negative culture conversion
was achieved in 79% of those who treated with injectable
agents for a period of at least 6 months and underwent
surgery, but only 5% of those undergoing only one form of
treatment (29). The significance of resistance to macrolides
has been documented repeatedly (4,5) and it is considered
to be a major negative prognostic factor (24). It is clear that
the appropriate treatment for macrolide-resistant MAC
has not been effectively determined (1).

As in the case of antituberculous drugs, the main
mechanism of resistance development is exposure to
monotherapy. It has been known for 20 years that patients with AIDS receiving macrolides as prophylaxis for
disseminated MAC infection are in danger of developing
resistance (30). Resistance has also been confirmed in HIV
negative individuals who were undergoing monotherapy
with macrolides for MAC infection, before the ATS guidelines were introduced. After 4 months of monotherapy
20% of patients developed resistance to macrolides (29).
These data support the attribution of resistance in the
patients presented here to previous macrolide use, either
as treatment of exacerbations or for maintenance therapy
of bronchiectasis.
In conclusion, it is evident that development of resistance to macrolides in a patient with MAC infection leads
to the necessity for a complex therapeutic regimen, with
doubtful expectations of compliance and an uncertain
outcome. Because of the increasing prevalence of NTM
infections, the presence of nodules and bronchiectasis in a
patient with pulmonary symptoms should raise the clinical
suspicion of NTM disease. In addition, the administration
of macrolide monotherapy without sufficient evidence
poses the danger of resistance development in the case
of undiagnosed NTM disease. For these reasons, testing
for AFB bacilli before initiation of macrolides is imperative
and this should be considered the appropriate approach
in everyday clinical practice.
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