
14.3.6 NON-TUBERCULOUS MYCOBACTERIA 

1. IntroductIon
jj Non-tuberculous mycobacteria (NTM) are frequently found in CF patients. NTM were pre-

viously considered innocent bystanders but, nowadays, their presence in the airways of 
CF patients is worrisome, and considered to cause potentially serious lung damage. They 
emerged as some of the most difficult and challenging pathogens to treat in CF.

jj NTM are ubiquitous in soil and water. They can be found in all types of water such as 
drinking water distribution systems, hot recirculating water in jacuzzis, swimming pools, 
and particularly in nebulizers, showerheads and bronchoscopes. 

jj Unlike M. tuberculosis, NTM need the presence of structural lung damage to cause di-
sease and, in this regard, the CF lung is an ideal host for opportunistic infection.

js In addition to the impaired mucociliary clearance and the continuous airway inflamma-
tion that favor the development of NTM infection, CFTR dysfunction itself may predis-
pose to NTM infection.

jj The diagnosis of NTM-pulmonary disease (NTM-PD) is based on specific clinical, radiolo-
gical and microbiological criteria. 

jj table 1 summarizes some important points concerning NTM in CF.

table 1: Important points concerning NTM in CF 

With the aging of the CF population, NTM have become more prevalent.

Routine screening for NTM in sputum samples should be performed at least annually in all CF 
patients. 

NTM should be searched specifically:
- in cases of unexpected clinical or functional decline, or when NTM-PD is suspected on
imaging studies
- before prescribing long-term azithromycin
- before listing for lung transplantation

It is important to identify M. abscessus correctly at the subspecies level because susceptibi-
lity to antibiotics differs.

Recognition of inducible macrolide resistance conferred by expression of a novel erm gene 
may help adapt antibiotic regimens.

Chronic use of azithromycin as part of the CF regimen should be avoided in patients with 
NTM, to prevent the emergence of resistance (although a macrolide may be used as part of a 
multidrug regimen for NTM-PD).
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No evidence is available on the long-term benefits of eradication regimens for recently 
acquired M. abscessus in an asymptomatic patient. Eradication should be considered on a 
case-by-case basis, balancing the potential adverse effects of anti-NTM treatment and the 
risks of chronic NTM colonization.

Making the diagnosis of NTM-PD does not necessarily mean that anti-NTM therapy should 
start. For an individual patient, the decision should be based on the potential risks and 
benefits.

Presence of NTM-PD in CF is not an absolute contraindication for lung transplantation referral 
but, before listing, it is recommended to treat NTM and attempt to decrease the bacterial load.

Concerning isolation policies in CF centers, and while awaiting more research results 
regarding NTM transmission, it is recommended to apply cross-infection control measures 
according to infection control CF guidelines.

2. PrevAlence
jj In the recent years, prevalence of NTM in sputum samples of CF patients has increased. 

This may represent true increase in prevalence and/or increased detection rates due to 
routine, standardized screening.

jj In the 80s the prevalence was rather low (around 1.3%) and by the 90s the reported preva-
lence was already increasing to 6.6%. Since 2010, the CF Foundation Patient Registry has 
tracked NTM prevalence which was estimated at around 10% in 2010 and 10.8% in 2011. 

3. ntM sPecIes In cF
jj The NTM species found more frequently among CF patients are Mycobacterium Avium 

Complex (MAC) and M. abscessus (with most frequent subspecies: abscessus, massi-
liense and bolletii).

jj M. xenopi, M. kansasii and M. szulgai are found in CF patients less frequently. If present,
they should be considered pathogens.

jj Among the other NTM species found in CF some are nonpathogenic:
js M. gordonae can represent contamination rather than colonization.
js M. fortuitum rarely affects the lungs and more frequently affects the skin, soft tissue and

bones.
js M. terrae and M. simiae have been described in Israeli CF patients.

4. rIsk FActors For ntM AcquIsItIon
jj Potential risk factors for NTM acquisition in CF are summarized in table 2.
jj The only clear link between CF and NTM acquisition is older age. A French study shows 

a relatively low prevalence of NTM (about 5%) until 14 years of age, a sharp increase after 
this age and a higher prevalence (about 15%) at older ages (15 to 24 years). Prolonged 
exposure to mycobacteria from the environment may be a possible explanation. 

jj Evidence for the role of other factors in NTM acquisition is inconclusive. 
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table 2: Potential risk factors for NTM acquisition in CF 
risk factor evidence comment / suggested mechanism 

Older age (notably for 
MAC)

Consistent Prolonged exposure to environmental NTM

CFTR dysfunction Inconclusive High rate of CFTR  mutation heterozygocity in 
non-CF patients with NTM 

Aspergillus fumigatus 
ABPA

Inconclusive The presence of A. fumigatus has been associated 
with NTM-positive cultures 
Use of systemic corticosteroids in ABPA

St. aureus, 
Ps. aeruginosa, 
S. maltophilia

Inconclusive Some studies have shown that NTM-positive 
patients were colonized more often by S. aureus 
and less often with P. aeruginosa. However, other 
studies showed higher rates of P. aeruginosa 
infection in NTM-positive patients. Data for S. 
maltophilia are also inconclusive.

Corticosteroids (oral) Inconclusive Data showing a positive, a negative or no associa-
tion with NTM acquisition

Corticosteroids 
(inhaled)

Inconclusive Data from non-CF patients suggest that in-
haled corticosteroids may predispose to NTM 
acquisition

Macrolides 
(long-term use)

Inconclusive One in vitro study showed that azithromycin could 
impair the intracellular killing of mycobacteria 
within macrophages by inhibiting autophagy. 
However, epidemiological data showed a lower 
prevalence of NTM infection among patients recei-
ving chronic macrolides

Inhaled antibiotics Inconclusive Changes in lung flora

GERD and acid sup-
pression treatment

Inconclusive High prevalence of GERD in non-CF patients with 
MAC disease. High prevalence of GERD in CF.

Cross infection Limited but 
strong

Reported for M. abscessus (see below)

ABPA: Allergic bronchopulmonary aspergillosis, GERD: gastroesophageal reflux disease

5. trAnsMIssIon
jj Traditionally, we used to believe that transmission from person to person did not exist and, 

until recently, segregation was not necessary.
jj However, recent data came to challenge this dogma. 

js Strong evidence of transmission of M. abscessus subsp. massiliense among CF pa-
tients was reported in a UK CF center. Among 31 patients, 9 shared a genetically near 
identical strain of M. massiliense. 
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js The CF Foundation and the European CF Society (ECFS) recommend implementation 
of infection control guidelines to minimize the potential microbial (including ntM) 
cross-infection among individuals with cF (see also Chapter “Infection Control”).

6. screenIng For ntM
jj table 3 summarizes screening recommendations for NTM. 

table 3: Screening recommendations for NTM 
When to perform Annually in all CF patients

Before starting immunomodulatory treatment with macrolides (i.e. 
NTM presence should always be excluded before introducing long-
term azithromycin)

Before listing for lung transplantation

How to perform Acid Fast Bacilli (AFB) smear and cultures from spontaneous spu-
tum is the standard screening method
Information on the “diagnosis of CF” should be transmitted to the 
laboratory (different processing compared to non-CF samples, to 
prevent overgrowth of common CF pathogens on the plate).

comments on 
other diagnostic 
approaches
(not recommended 
for screening)

Hypertonic saline induced sputum is not necessary, unless the 
patient does not expectorate spontaneously and has evidence of 
NTM-PD*

Bronchoscopy, bronchoalveolar lavage and bronchial aspirates are 
valid tools in patients suspected of having NTM-PD*

Transbronchial biopsies are NOT recommended because they can 
cause bleeding or pneumothorax 

Skin testing, serological assays or swabs are NOT recommended
*NTM-PD: NTM-pulmonary disease

7. ntM-PulMonAry dIseAse (ntM-Pd)
7.1 diagnosis of ntM-pulmonary disease

jj The diagnostic criteria for NTM-PD are summarized in table 4. According to the recent 
guidelines published by the CF Foundation and the ECFS, the ATS/IDSA criteria for dia-
gnosis of NTM-PD used in non-CF patients can also be applied in individuals with CF.

jj The symptoms of mycobacterial lung disease in CF patients may be subtle, insidious and 
often confounded with other bacterial, viral or fungal infections. Night sweats, minor he-
moptysis, low-grade recurrent fever and a rapid decline of lung function associated with 
repeated microbiological documentation of mycobacteria in sputum samples may indicate 
that symptoms are due to mycobacterial infection. 

jj Not all CF patients infected with NTM react the same way: in some patients, the presence 
of NTM may lead to severe lung function decline with invasive disease, whereas in others 
it may be associated with little clinical deterioration.
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jj High-resolution CT (HRCT) findings of NTM-PD may overlap with CF-related pulmonary 
lesions. Although not specific for NTM, cavities accompanied with areas of consolidation, 
peripheral micronodules, tree in bud branching zones or progressive fibrosis and atelecta-
sis may be observed in NTM-pulmonary disease. In this regard comparison with a previous 
HRCT may be helpful (Figure 1). 

Figure 1: HRCT scan showing multiple upper lobe cavities in a CF patient with 
M. abscessus

table 4: Diagnostic criteria for NTM-pulmonary disease and suggested 
 strategies (adapted from1,2)
diagnostic criteria
1) clinical (all required)

a) Compatible symptoms*a

b) Compatible HRCT findings*b

c) Exclusion of other diagnoses
2) Microbiological (one of the following required):

a) positive culture results from at least two expectorated sputum samples OR
b) positive culture results from at least one bronchial wash or lavage OR
c) lung biopsy with mycobacterial histopathological features (i.e. granulomatous inflam-

mation or AFB) and at least one NTM-positive sputum or bronchial wash culture OR
d) lung biopsy with mycobacterial histopathological features (i.e. granulomatous inflam-

mation or AFB) and NTM-positive culture

(continued)
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strategies
A) Specialized advice should be obtained when infrequently encountered NTM or NTM usual-
ly representing environmental contamination are recovered
B) If the patient doesn’t fulfill the diagnosis of NTM-PD, consider follow-up until diagnosis is
confirmed or ruled out
C) If the patient fulfills the diagnosis of NTM-PD, consider treatment
AFB: acid-fast bacilli, NTM-PD: NTM-pulmonary disease

*a Such as night sweats, minor hemoptysis, low-grade recurrent fever and a rapid decline of lung function (they are
not specific for NTM)

*b Such as cavities accompanied with areas of consolidation, peripheral micronodules, tree in bud branching zones or 
progressive fibrosis and atelectasis of the affected areas (they are not specific for NTM)

7.2 decision to treat
jj In patients with recently acquired NTM or in those who are colonized with NTM but who 

do not fulfill the criteria for NTM-PD, it is challenging to define which patient will deteriorate 
and may benefit of a treatment. For this reason, eradication treatment is usually not recom-
mended (lack of evidence). 

jj Patients fulfilling the diagnosis of NTM-PD or present a decline of FEV1 attributed to NTM-
PD and not other diagnoses should be treated in the light of potential risks and benefits. 

jj the decision to treat must include an analysis of the following elements (see 
table 4): 

js Positive samples for ntM especially if the mycobacterial load increases 
js clinical symptoms, decline of Fev1 and radiological progression (with appea-

rance of cavitation, bronchiectasis or micronodules) not attributed to an alter-
native diagnosis. The later may be challenging to exclude due to the similar symptoms 
observed during a CF exacerbation by other pathogens such as P. aeruginosa, S. au-
reus, B. cepacia, fungi or viruses. 

jj the optimal time-point for anti-ntM treatment initiation may be challenging and 
needs clinical expertise in both CF and mycobacterial lung diseases.

7.3 treatment of ntM-Pd
jj No randomized controlled trials exist to guide NTM treatment in CF patients. Thus, most 

treatment recommendations are not evidence-based but rather reflect expert opinion. 
jj tables 5-7 summarize recommended treatment regimens. Drug doses and pharmacolo-

gical considerations are summarized in table 8.
jj standard therapy must include 3 or more drugs to prevent the development of 

drug resistance.
jj the recommended treatment duration for ntM-Pd is 1 year after culture conver-

sion but patients who fail to convert and lung transplant patients may benefit from 
long-term suppressive antibiotic treatment. If cultures remain positive after 1year of 
anti-NTM treatment (culture non-conversion), pausing of NTM treatment can be conside-
red under a close clinical follow-up.
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jj Antimicrobial resistance should be assessed with in vitro drug susceptibility tes-
ting (dst). This applies particularly for macrolide susceptibility of MAC, since certain spe-
cies of M. abscessus can show inducible resistance to macrolides (M. abscessus subsp.  
abscessus and M. abscessus subsp. bolletii). The presence of macrolide resistance is 
predictive of worse clinical outcomes. 

jj There is a risk of subtherapeutic drug levels in CF patients and adjustments with thera-
peutic drug monitoring (TDM) may be helpful (see also chapter “therapeutic drug 
monitoring”).

7.3.1 treatment of Mycobacterium avium complex (MAc) (tables 5 and 8)
jj MAc includes M. intracellulare, M. chimaera and M. avium. It represents the most 

common species isolated in CF (72% of the isolates). 
jj MAC pulmonary disease in CF patients can present with two distinct types: 

a) the bronchiectatic type with micronodules, bronchiectasis and tree in bud infiltrates or

b) the more severe, fibro-cavitary type with extensive, large lung cavities.

7.3.2 treatment of Mycobacterium abscessus (tables 6 and 8)
jj Rates of multidrug resistant M. abscessus are increasing and, in some centers, they are 

surpassing MAC. 
jj New evidence shows that rapidly growing mycobacteria, like M. abscessus, can produce a 

biofilm with a “cord formation growth pattern” and conversion into a “rough variant” which 
has a more aggressive character, similar to that found in M. tuberculosis (TB).

jj It is important to identify M. abscessus correctly at the subspecies level because 
susceptibility to antibiotics differs.

js the new taxonomy divides M. abscessus in 3 different subspecies: 1) M. abs-
cessus subsp. massiliense, 2) M. abscessus subsp. bolletii, 3) M. abscessus 
subsp. abscessus. 

table 5: Treatment options for MAC in adult CF patients (adapted from1-3) 
1) Clarithromycin or azithromycin
2) Rifampicin or Rifabutin
3) Ethambutol
4) For extended cavitary disease, in patients with smear positive respiratory tract infections,

in severely ill patients or in MAC resistant to macrolides: consider adding IV amikacin (for
6 months if tolerated for macrolide resistant MAC). If IV amikacin is not well tolerated, after
the first month of treatment, aerosolized amikacin may be considered.

5) Liposomal encapsulated amikacin therapy is under study for MAC disease refractory to
macrolide treatment

treatment duration: 1 year after culture conversion (i.e. until cultures remain negative 
for 12 months). If cultures remain positive after 1year of anti-NTM treatment (culture non- 
conversion), pausing of NTM treatment can be considered under a close clinical follow-up.



js A deletion in the erm41 gene of M. abscessus subsp. massiliense confers to this subs-
pecies susceptibility to macrolides, whereas M. abscessus subsp. abscessus and 
M. abscessus supsp. bolletii have a full length functional erm41 gene that confers indu-
cible resistance to macrolides.

table 6: Treatment options for M. abcessus in adult CF patients (adapted from1-3) 
Intensive Phase
1) Clarithromycin or azithromycin
2) Amikacin IV
3) One or more of the following (guided by in-vitro susceptibility testing):

a) Imipenem
b) Cefoxitin
c) Tigecycline
d)  Clofazimine (may be considered during the intensive phase since it is administered

orally and is generally well tolerated)
treatment duration: 3-12 weeks determined by the severity of infection, the response to 
treatment and the tolerability of the regimen

continuation Phase*
1) Clarithromycin or azithromycin
2) Amikacin inhaled
3) Two or more of the following (guided by in-vitro susceptibility testing):

a) Moxifloxacine
b) Minocycline
c) Linezolid / tedizolid
d) Clofazimine

treatment duration: 1 year after culture conversion. Patients who fail to convert and lung 
transplant patients may benefit from long-term suppressive antibiotic treatment. If cultures 
remain positive after 1year of anti-NTM treatment (culture non-conversion), pausing of NTM 
treatment can be considered under a close clinical follow-up.
IV: intravenously

*M. abscessus pulmonary disease: M. abscessus isolates having a functional erm41 gene or a 23s rnA  mutation, 
present a high level of macrolide resistance (erm41 acquired point mutations confer inducible macrolide resistance).
There is growing concern that switching to oral treatment after an intensive IV phase, may compromise treatment
success. In these cases, continuous IV therapy with two or more effective antibiotics for prolonged time should be
considered. In addition to amikacin, imipenem is probably the best choice; the use of cefoxitin and tigecycline is limited 
due to their toxicity.

7.3.3 treatment of Mycobacterium kansasii (tables 7 and 8) 
jj Mycobacterium kansasii is rarely found in CF patients. 
jj Nevertheless, when present it must always be considered a pathogen (isolation invariably 

means real infection rather than colonization). 
jj M. kansasii may cause extensive cavitary upper lobes disease, similar to M. tuberculosis

and must be treated aggressively.
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table 7: Treatment options for M. kansasii in adult CF patients (adapted from1-3) 
1) Isoniazid and vitB6 (pyridoxine)
2) Rifampicin
3) Ethambutol

treatment duration: 1 year following culture conversion. Patients who fail to convert and 
lung transplant patients may benefit from long-term suppressive antibiotic treatment. If 
cultures remain positive after 1year of anti-NTM treatment (culture non-conversion), pausing 
of NTM treatment can be considered under a close clinical follow-up.

(continued)

table 8: Pharmacological considerations for specific antibiotics used in adult CF 
 patients with MAC, M. abscessus or M. kansassi pulmonary disease (adapted 
from1,2)
drug route dose in adults Main side 

effects
Monitoring approach

Amikacin IV 15-30 mg/kg 1x/
day (dose max
1500 mg/day)

Alternative: 25 mg/
kg 3x/week  
(e.g. Mo, Wed, Fri)*a 

Nephrotoxicity
Ototoxicity

Creatinine levels
Baseline and interval 
audiograms
tdM: 
-For 1x/day dose: aim
for peak levels 35-55 μg/
ml and trough levels ≤1.5
μg/ml
-For 3x/week dose (no
literature data for TDM
target): suggested peak
levels 60-90 μg/ml and
trough levels ≤1.5 μg/ml

Inhaled Usually start with 
500 mg 2x/day 
(diluted in 3ml of 
NaCl 0.9%)
Minimal dose 250 
mg 1x/day

Bronchospasm Administration of bron-
chodilators before each 
dose. Spirometry before 
and after administration 
of the first dose. 

Azithromycin Oral 10 mg/kg 1x/day
(max. 500 mg)

GI 
Ototoxicity
QT prolongation

Audiogram
ECG
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Cefoxitin IV 200 mg/kg/day 
divided in 3 doses
(max 12 g/day)

Fever, rash
Hematological
Interference with 
Creat mea-
suring assays

CBC

Clarithromycin Oral 500 mg 2x/day Hepatotoxicity
QT prolongation

Liver function tests
ECGIV 500 mg 2x/

day (usually not 
recommended)

Clofazimine Oral 100 mg 1x/day Skin 
discoloration
GI 

Doxycycline Oral 100mg 2x/day Hepatotoxicity
Hypersensitivity 
reactions, 
serum sickness, 
drug induced 
lupus 

Liver function tests
Determine antinuclear an-
tibodies at baseline and 
repeat if dermatological 
symptoms 

Ethambutol Oral 15 mg/kg 1x/day Optic neuritis Baseline and interval op-
thalmology assessment

Imipenem IV 1 g 2x/day Hepatotoxicity Liver function tests

Isoniazide Oral, 
IM, IV

5 mg/kg 1x/day 
(maximum 300 mg 
daily)
(½ -1h before or 2h 
after a meal)

Add VitB6 (py-
ridoxine) 40mg 
orally 1x/day

Polyneuropathy
Hepatotoxicity
Hematological
Urticaria

Symptoms, vitB6 for 
prevention of isoniazide- 
induced polyneurophathy
Liver function tests
CBC

Linezolid Oral 600 mg 1-2x/day 
For patients 
receiving 2x/
day consider to 
decrease if toxicity 
or after 6 months 
of treatment to  
300 mg 2x/day or 
600 mg 1x/day

Hematological
Peripheral 
neuropathy
Optic neuritis

CBC
Baseline and interval oph-
thalmology assessment
Risk of interaction with 
serotonergic agents

IV 10 mg/kg /dose 
1-2x/day
(max 600 mg/dose)
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Moxifloxacin Oral 400 mg 1x/day GI
Tendonitis
Photosensitivity
QT prolongation

ECG

Minocycline Oral 100 mg 2x/day GI
Photosensitivity
Drug induced 
lupus
Serum sickness
Hypersensitivity

Consider testing anti-
nuclear antibodies at 
baseline if long term 
minocycline 

Rifampicin Oral <50 kg : 450 mg 
1x/day
>50 kg: 600 mg
1x/day
(½ -1h before a

meal)

Orange color of 
body fluids
Hepatotoxicity
GI
Hematological
Renal failure
Drug 
interactions

Inform patient (can stain 
contact lenses)
Liver function tests
CBC
Creatinine levels
Dose adjustment, TDM 
when applicable

Rifabutin Oral 150-300 mg 1x/day
150 mg in patients
taking a strong
CYP3A4 inhibitor
450-600 mg in
patients taking a
strong CYP3A4
inducer

Orange color of 
body fluids
Hepatotoxicity
GI
Hematological
Drug 
interactions

Inform patient (can stain 
contact lenses)
Liver function tests
CBC
Dose adjustment, TDM 
when applicable

Tigecycline IV 50 mg 2x/day*b GI
Photosensitivity
Prolonged pro-
thrombin time
Hypoglycemia
Dizziness
Headache

Baseline and interval PT 
measurement
Inform patient for hypog-
lycemia risk

TMP/SMX Oral 960 mg 2x/day Hematological 
GI 
Fever, rash, 
Stevens-
Johnson 
syndrome

CBC

IV 1.44 g 2x/day

CBC=complete blood count, GI=gastrointestinal, TDM=therapeutic drug monitoring
For more details see product information (www.swissmedicinfo.ch)
*a Limited evidence
*b For tigecycline, a dose of 100mg 2x/day has a better pharmacokinetic and pharmacodynamic profile but lower
tolerability (mainly GI secondary effects)
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8. consIderAtIons For sPecIFIc AntIbIotIcs
jj linezolid shows in vitro activity in approximately 50% of M. abscessus but prolonged 

administration is limited by hematological and neurological toxicity, particularly when high 
doses are used (600 mg 2x/day). As in multidrug resistant TB (MDR-TB), lower levels of 
linezolid (600 mg 1x/day or 300mg 1x/day) may be used with less toxicity for long-term 
treatment in combination with other drugs.

jj tedizolid, a new oxazolidinone administered at a dose of 200 mg once daily orally or IV, 
has shown a greater in vitro potency and a better tolerability profile than linezolid, however 
published data are limited (case report evidence). The pharmacokinetics of tedizolid in CF 
is the subject of an ongoing trial (clinicaltrials.gov NCT02444234).  

jj clofazimine was once developed for leprosy and is currently used for MDR-TB. Clofazimine 
and amikacin have synergistic properties in vitro and the addition of clofazimine to amika-
cin-containing regimens has been studied in clinical trials. An interesting regimen for MAC-
PD using a combination of ethambutol, clofazimine and a macrolide showed a conversion 
rate of 87% and treatment success of 67%.

jj bedaquiline has been recently added to 5-drug containing regimens for patients treated 
for MAC and M. abscessus and who have previously failed to respond to other drug com-
binations (salvage therapy, 400 mg 1x/day for 2 weeks followed by 200 mg 3x/week). A 
small preliminary report demonstrates potential clinical and microbiological activity in this 
patient population but requires confirmation with larger studies. 

jj Amikacin (inhaled)
js Inhaled amikacine is used in the continuation phase of therapy against M. abscessus. 

There are no studies, so doses vary from 250mg 1x/day to 500mg 2x/day. However, the 
starting dose is usually 500 mg 2x/day.

js Currently, there is an increased interest and trials are ongoing in multidrug regimens 
combined with a new liposomal formulation of amikacin, which may improve drug deli-
very to the infected macrophages in MAC-PD and M. abscessus-PD patients.

jj co-trimoxazole (tMP/sMX) and doxycycline
js In case of intolerance to minocycline, doxycycline or co-trimoxazole should be considerd.

8.1 surgery
jj Some studies, suggest that localized resections (lobectomy or segmentectomy) may be 

considered for severe unilateral NTM-PD that have failed to respond to conventional anti-
biotic therapy. However, in the context of CF, localized bronchiectasis is extremely rare and 
the place for surgery is very limited. 

8.2 Interferon γ (InF-γ)
jj INF-γ is considered to be an important component of the immune response against NTM.

js Impaired INF-γ-mediated immunity increases susceptibility to NTM. 
js In vitro addition of IFN-γ to human macrophages infected with NTM enhances intracel-

lular killing and autophagy. 
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jj Although data are limited, use of adjuvant INF-γ in non-CF patients with disseminated, 
refractory NTM infection was associated with a greater response rate.  

jj In the context of CF, evidence is lacking regarding the efficacy of IFN-γ, hence this drug 
cannot be recommended. However, adjuvant IFN-γ therapy may be considered in particu-
larly difficult-to-treat cases of disseminated, refractory NTM infection. 

8.3 granulocyte-macrophage colony-stimulating factor (gM-csF)
jj Case report evidence suggests that nebulized GM-CSF may improve host response to 

M. abscessus in CF and could lead to clinical improvement. At the moment of writing, a 
clinical trial is lacking.

9. trAnsPlAntAtIon
jj NTM-PD or isolation of M. abscessus in the sputum is not considered an absolute contrain-

dication for lung transplantation.  
js Although NTM disease may cause severe complications and significant morbidity after 

lung transplantation, it may be successfully controlled and not lead to attributable mortality.
js However, progressive pulmonary or extra-pulmonary disease due to NTM (despite op-

timal therapy or due to inability of the patient to tolerate therapy) is usually a contraindi-
cation for transplant  listing (see also chapter “transplantation”).

js Treatment in this context should be provided in collaboration with the lung transplant center.
jj Although, NTM eradication may not be realistic particularly for M. abscessus, attempts to 

treat NTM should be implemented before lung transplantation
js to reduce the mycobacterial load
js to avoid complications
js to delay further lung function deterioration while waiting on the transplant list

jj After transplantation, the risk of complications is increased with M. abscessus, particularly 
among patients that have positive smears at the time of transplantation. Despite aggres-
sive anti-mycobacterial treatment before, peri-operatively and after lung transplantation, 
 complications such as skin, muscular and soft tissue abscesses may occur. Colonization of 
graft anastomosis with associated mycobacterial mediastinitis and death has been described. 
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