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Πόσους  ασθενείς  µε  ΝΤΜ  έχετε  αντιµετωπίσει ;

1. 0

2. 1-5

3. 6-20

4. >20



Τί  προφυλάξεις  απαιτούνται  εάν  φροντίζουµε
ασθενή  µε  ΝΤΜ

1. Επαφής (γάντια, ποδιά, αντισηπτικό)

2. Σταγονιδίων (απλή χειρουργική µάσκα)

3. Αερογενής (Μάσκα Ν95)

4. Καµία. Τα ΝΤΜ δεν µεταδίδονται από πάσχοντα



Νon Τuberculous Μycobacteria

§ Μη Φυµατιώδη Μυκοβακτηρίδια

§ Άτυπα Μυκοβακηρίδια

§ Περιβαλλοντικά/ Ευκαιριακά Μυκοβακτηρίδια

§ Είδη µυκοβακτηριδίων εκτός Φυµατίωσης, Λέπρας

§ Περί τα 180 είδη / µόνο ~ 15 παθογόνα

§ Διαδεδοµένα στο υπαίθριο (νερό και χώµα)

αλλά και στο οικιακό/αστικό περιβάλλον



Νon Τuberculous Μycobacteria

• Η νόσηση σχετίζεται µε: 

§ Περιβαλλοντική έκθεση

§ Είδος του µυκοβακτηριδίου

§ Ευαισθησία – προδιάθεση 

and soils correlated with NTM presence have led to iden-
tification of NTM characteristics that are determinants of
their widespread distribution and presence in some unu-
sual habitats (e.g. acid, brown water swamps, boreal and
peat rich soils, and metal working fluids). The study of
the physiological ecology of NTM has led to insight into
habitats that they might possibly occupy (e.g. polluted
soils) and the suggestion that NTM may be agents of
nutrient cycling.

Environmental opportunistic mycobacteria

The most common NTM isolated from humans are
listed in Table 1. All of the species listed in Table 1 as
well as most other Mycobacterium spp. are opportunistic
pathogens. In addition to their isolation from patients
suffering from mycobacterial disease, most have been
recovered from environmental habitats. NTM disease
has been described and its risk factors have been identi-
fied (Wolinsky 1979; O’Brien et al. 2000; Marras and
Daley 2002; Field et al. 2004; Fowler et al. 2006). These
include: (i) reduced immune competence as a result of
human immunodeficiency virus (HIV) infection, cancer,
chemotherapy, or immunosuppression associated with
transplantation; (ii) pre-existing lung disease, including
chronic obstructive pulmonary disease (COPD), pneu-
moconiosis and silicosis, and prior tuberculosis; (iii)
altered chest architecture; (iv) alcoholism, and (v)
smoking. Recently, two additional risk factors, muta-
tions in either the cystic fibrosis transmembrane con-
ductance regulator (CFTR) or the a-1-antitrypsin gene
have been associated with pulmonary disease caused by
both slowly and rapidly growing NTM (Kim et al. 2005;
Rodman et al. 2005; Chan et al. 2007). Evidence that
persons heterozygous for CFTR mutations (Kim et al.

2005) coupled with the fact that the frequency of CFTR
heterozygotes is 0Æ04 (1 in 25), suggests that a substan-
tial proportion of humans are at risk for NTM disease.
The incidence of NTM lung disease is increasing
(Marras et al. 2007), particularly among the elderly slen-
der individuals (Prince et al. 1989; Reich and Johnson
1991; Kennedy and Weber 1994). As use of immuno-
suppressive agents and the proportion of elderly are
expected to increase and the survival of risk groups
(e.g. cystic fibrosis patients) is expected to lengthen in
the developed world, it follows that the incidence of
NTM disease will continue to increase. Because anti-
mycobacterial therapy requires a cocktail of multiple
drugs over prolonged periods of time and carries with
it the possibility of drug side-effects (Griffith et al.
2007) and humans are surrounded by mycobacteria (see
following), research ought to be directed towards identi-
fying host and behavioural factors leading to enhanced
susceptibility to NTM infection and devising means to
reduce exposure.

Habitats of environmental mycobacteria

Habitats from which environmental opportunistic myco-
bacteria have been isolated are listed in Table 2. The most
important in terms of human and animal health are engi-
neered habitats, particularly drinking water distribution
systems, hospital water systems, and household plumbing.
Here, human and mycobacterial habitats overlap permit-
ting recurrent exposure. The original focus of environ-
mental surveys was on natural waters and soils
(Falkinham et al. 1980; Brooks et al. 1984), driven by
evidence of higher skin test sensitivity in individuals in
the southeastern United States (Edwards et al. 1969).
However, the outbreak of the AIDS epidemic starting in
1982 and reports of Mycobacterium avium infections in
AIDS patients across the United States (Greene et al.
1982) alerted mycobacteriologists to the fact that M. avi-
um and other NTM were likely widely distributed across
the United States. Recovery of M. avium and other NTM
from drinking water (Du Moulin and Stottmeier 1986;
Fischeder et al. 1991; von Reyn et al. 1993) led to thor-
ough studies of NTM in United States drinking water
distribution systems (Covert et al. 1999; Glover et al.
1994; Falkinham et al. 2001) and proof that drinking
water distribution systems (von Reyn et al. 1994), hospi-
tals (Wallace et al. 1998), and household plumbing
(Falkinham et al. 2008) are sources of human infection.
In addition to water, soil is a habitat for NTM (Brooks
et al. 1984; Iivanainen et al. 1997) and exposure to soil
has been shown to be a risk factor for acquisition of
M. avium disease (Reed et al. 2006; De Groote et al.
2006).

Table 1 Environmental opportunistic mycobacteria

Species Reference

Slowly growing mycobacteria (colony formation ‡ 7 days)

Mycobacterium avium Prince et al. 1989

Mycobacterium intracellulare Prince et al. 1989

Mycobacterium kansasii Lillo et al. 1990; Alcaide et al. 1997

Mycobacterium xenopi Costrini et al. 1981

Mycobacterium marinum Aubry et al. 2002

Mycobacterium malmoense Zaugg et al. 1993

Mycobacterium simiae Conger et al. 2004

Rapidly growing mycobacteria (colony formation 3–7 days)

Mycobacterium abscessus Wallace 1994; Wallace et al. 1998;

Jonsson et al. 2007

Mycobacterium chelonae Wallace 1994; Wallace et al. 1998;

Uslan et al. 2006

Mycobacterium fortuitum Wallace 1994; Wallace et al. 1998
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Factors influencing distribution of mycobacteria
in the environment

Physiological determinants

The characteristics of NTM that influence their presence
and distribution in the environment are listed in
Table 3. It is likely that the same factors are determi-
nants for both slowly growing and rapidly growing
NTM. The rapidly growing NTM, still grow substantially
slower (i.e. 0Æ2–0Æ5 days per generation) than many
other bacteria Because of their slow growth and imper-
meability, one would wonder why NTM are so widely
distributed; they should be poor competitors. That is
likely the case in nutrient-rich habitats, but both slowly
(George et al. 1980) and rapidly growing NTM (Hall-
Stoodley et al. 1999) thrive in marginal environments
where their traits permit their survival and proliferation.
In a number of instances (i.e. drinking water distribu-
tion systems), human intervention (e.g. disinfection)
contributes to selection for proliferation and persistence
of NTM.

The major structural feature of NTM is the lipid-rich
outer membrane (Brennan and Nikaido 1995; Daffe and
Draper 1998). The outer membrane is a true membrane,
containing porins, and rich in unique mycolic acids
(Hoffman et al. 2008). Two factors associated with the
outer membrane limit growth rates for the slowly growing
NTM and to a lesser extent the rapidly growing NTM;
the cost of synthesis of the long-chain mycolic acids and
impermeability to hydrophilic nutrients. However, those
costs are more than offset by the presence of a hydro-
phobic barrier that promotes the attachment of NTM to
surfaces (Bendinger et al. 1993) permitting their persis-
tence in habitats where they could be washed out. That
hydrophobic barrier also protects both slowly (e.g.
M. avium) and rapidly (e.g. Mycobacterium chelonae)
growing NTM cells from a wide range of antimicrobial
agents (Rastogi et al. 1981; Jarlier and Nikaido 1990). The
high intrinsic resistance to antibiotics makes it difficult to
identify resistance mechanisms in slowly growing NTM
based on efflux or drug-inactivating enzymes, although
both types of resistance mechanisms have been identified
in rapidly growing NTM (Webb and Davies 1998).

Table 2 Habitats of environmental

opportunistic mycobacteriaHabitat Reference

Natural waters Falkinham et al. 1980; von Reyn et al. 1993

Drinking water distribution systems Covert et al. 1999; Falkinham et al. 2001

Biofilms in drinking water distribution systems Falkinham et al. 2001; Torvinen et al. 2004

Building, hospital, and household plumbing Du Moulin et al. 1988; Wallace et al. 1998;

Nishiuchi et al. 2007; Falkinham et al. 2008

Hot tubs and spas Embil et al. 1997; Kahana et al. 1997;

Mangione et al. 2001; Marras et al. 2005

Natural and household ⁄ building aerosols Falkinham et al. 2008

Boreal forest soils and peats Iivanainen et al. 1997, 1999

Acidic, brown-water swamps Kirschner et al. 1992

Potting soils De Groote et al. 2006

Metal removal fluid systems Bernstein et al. 1995; Shelton et al. 1999;

Moore et al. 2000

Table 3 Factors influencing distribution of

mycobacteria in natural and human

engineered environmentsFactor

Impacts in habitats

Natural habitats Engineered habitats

Hydrophobicity Attach to particulates

Biofilm formation

Concentration at air : water interfaces

Attach to surfaces

Biofilm formation

Antimicrobial resistance

Hydrocarbon utilization Hydrocarbon utilization

Growth at low pH High numbers in acidic, brown water

swamps and boreal (peat) soils

Humic and fulvic acid

growth stimulation

High numbers in acidic, brown water

swamps and boreal (peat) soils

Growth in drinking water

distribution systems and

household plumbing

Temperature resistance Survive in hot springs Survive in buildings and

home hot water systems

Surrounded by mycobacteria J.O. Falkinham, III
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Surrounded by mycobacteria: nontuberculous mycobacteria
in the human environment
J.O. Falkinham, III

Department of Biological Sciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, USA

Introduction

For almost 30 years, based on the absence of person-to-
person transmission, it has been widely accepted that the
source of nontuberculous mycobacteria (NTM) infecting
humans is the environment (Wolinsky 1979; Marras and
Daley 2002). These mycobacteria constitute the majority
of species in the genus Mycobacterium (Tortoli 2003) and
are important environmental opportunistic pathogens of
humans, animals, poultry, and fish (Falkinham 1996,
2002; Wayne and Sramek 1992; Biet et al. 2005). Evidence
collected over the past 30 years has documented that the
NTM are normal inhabitants of a variety of environmen-
tal habitats that are shared with humans and animals,
including natural waters, drinking water distribution
systems, and soils (Falkinham 1996, 2002). The fact that
NTM occupy habitats shared with humans and animals is
clearly a major determinant in the acquisition of disease.
NTM appear in high numbers in waters and biofilms in
drinking water distribution systems (Covert et al. 1999;
Falkinham et al. 2001) where they can enter household

plumbing (Falkinham et al. 2008). In this brief review,
the habitats, transmission routes, and physiological deter-
minants of environmental occupancy by NTM will be
identified.

The major determinant of NTM ecology and epidemio-
logy is the presence of a lipid-rich outer membrane
(Nikaido et al. 1993; Brennan and Nikaido 1995; Daffe
and Draper 1998; Hoffman et al. 2008). The outer mem-
brane’s long chain mycolic acids contribute to the hydro-
phobicity, impermeability, and slow growth of both
slowly and rapidly growing mycobacteria (Brennan and
Nikaido 1995). Those features, in turn, lead to the prefer-
ential attachment to surfaces (Bendinger et al. 1993) and
resistance to disinfectants and antibiotics (Rastogi et al.
1981; Jarlier and Nikaido 1994). NTM are oligotrophs
(George et al. 1980; Hall-Stoodley et al. 1999; Norton
et al. 2004) and able to grow on a variety of organic com-
pounds (Goodfellow and Magee 1998) including some
found in water and soil (e.g. humic and fulvic acids; Kirs-
chner et al. 1999). Investigations of the physiological
traits of NTM and the chemical characteristics of waters
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resistance, drinking water, environment,
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Summary

A majority of the Mycobacterium species, called the nontuberculous mycobacte-
ria (NTM), are natural inhabitants of natural waters, engineered water systems,
and soils. As a consequence of their ubiquitous distribution, humans are sur-
rounded by these opportunistic pathogens. A cardinal feature of mycobacterial
cells is the presence of a hydrophobic, lipid-rich outer membrane. The hydro-
phobicity of NTM is a major determinant of aerosolization, surface adherence,
biofilm-formation, and disinfectant- and antibiotic resistance. The NTM are
oligotrophs, able to grow at low carbon levels [>50 lg assimilable organic
carbon (AOC) l)1], making them effective competitors in low nutrient, and
disinfected environments (drinking water). Biofilm formation and oligotrophy
lead to survival, persistence, and growth in drinking water distribution systems.
In addition to their role as human and animal pathogens, the widespread
distribution of NTM in the environment, coupled with their ability to degrade
and metabolize a variety of complex hydrocarbons including pollutants,
suggests that NTM may be agents of nutrient cycling.

Journal of Applied Microbiology ISSN 1364-5072

356 Journal compilation ª 2009 The Society for Applied Microbiology, Journal of Applied Microbiology 107 (2009) 356–367
ª 2009 The Author



Clinical�relevance�of�pulmonary�NTM�isolates�in�NL
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Clinical relevance differs by species!
(% of patients who met diagnostic criteria, per species)

van Ingen J et al., Thorax 2009
van Ingen J et al., Infect Gen Evol 2011 Nomen est Omen



Επιδηµ ιολογικά δεδοµένα

§ Αυξανόµενη επίπτωση παγκοσµίως 

§ Η αύξηση αυτή φαίνεται αληθής

•
 

Increasing�incidence

•
 

RBH�2000–14
5956�unique�samples
1205�unique�subjects

Species
M_abscessus_complex

M_avium_intracellulare_complex

M_celatum

M_chelonae

M_fortuitum

M_genavense

M_goodii

M_gordonae

M_interjectum

M_kansasii

M_lentiflavum

M_malmoense

M_mucogenicum

M_peregrinum_fortuitum

M_scrofulaceum

M_shimoidei

M_simiae

M_szulgai

M_vulneris

M_xenopi

Epidemiology

•
 

Increasing�incidence

•
 

RBH�2000–14
5956�unique�samples
1205�unique�subjects

Species
M_abscessus_complex

M_avium_intracellulare_complex

M_celatum

M_chelonae

M_fortuitum

M_genavense

M_goodii

M_gordonae

M_interjectum

M_kansasii

M_lentiflavum

M_malmoense

M_mucogenicum

M_peregrinum_fortuitum

M_scrofulaceum

M_shimoidei

M_simiae

M_szulgai

M_vulneris

M_xenopi

Epidemiology



Επιδηµ ιολογικά δεδοµένα

Η επίπτωση ποικίλει

µεταξύ αλλά και

εντός χωρών

Risk�Factors

•
 

Exposure�

Adjemian�2012

Hoefsloot

 

2013

(Maekawa�2011)

Hoefsloot et al. ERJ 2013
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Distribution of nontuberculous 
mycobacteria in treated patients with 
pulmonary disease in Greece – relation to 
microbiological data
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Aims: The aim was to assess the distribution of nontuberculous mycobacteria (NTM) in 
treated patients with pulmonary disease (PD) in Greece. Patient & methods: Patients 
treated for NTM PD at the two largest chest diseases hospitals in Greece, in the period 1990–
2013 were investigated. For the years 2005–2013 data on NTM isolation frequency were 
recorded. Results: M. avium complex (MAC) was the predominant cause of NTM PD disease 
followed by M. kansasii and rapid growing mycobacteria (RGM). The pathogenicity of RGM 
was signi"cantly lower than this of MAC and M. kansasii. An increase was observed in the 
percentage of isolated NTM species that were considered clinically signi"cant over the study 
period. Conclusions: The increasing number of NTM PD in Greece is a consequence of their 
isolation being more frequently considered as clinically relevant.

KEYWORDS   
s epidemiology s M. avium 
complex s M. kansasii 
s nontuberculous 
mycobacteria s rapid 
growing mycobacteria 
s virulence

In contrast to tuberculosis (TB), the epidemiology of disease due to nontuberculous mycobacteria 
(NTM) has only gained international interest in the last few decades [1–4]. According to reports 
from different areas of the world its incidence seems to be on the rise [2–4]. This increase may be 
explained by many factors, such as aging of the population and reduced tuberculosis rates, and 
cannot be attributed solely on laboratory methods improvement [2].

M. avium complex (MAC), consisting of M. avium and M. intracellulare, is universally con-
sidered as the most frequently isolated species followed by rapid growing mycobacteria (RGM), 
M. kansasii and M. gordonae [1,5–9]. However, NTM virulence differs between individual species 
and many – if not most – NTM have the capacity to produce a variety of clinical presentations 
ranging from asymptomatic to severe disease [4,10]. In that setting the clinical relevance of the 
geographic distribution of NTM isolated in respiratory samples is questionable. For instance, 
M. gordonae, is generally not considered to be a human pathogen [10,11]. In addition, although MAC 
is the most frequently isolated NTM species in India, it is generally not considered as a cause of 
pulmonary disease (PD) [8]. It is, therefore, evident that the distribution of NTM isolated from 
clinical specimens is different from the one in patients with disease and that may vary from one 
part of the world to another.

In Greece, data on the NTM prevalence and distribution are scarce. According to the study by 
Hoefsloot et al. [9], out of the 63 NTM isolated from respiratory specimens in Greece in 2008, 
46% were rapid-growing mycobacteria (RGM; 13 M. fortuitim, 11 M. chelonae, 2 M. abscessus), 
whereas MAC accounted for 36%. In another study from central Greece [12], M. fortuitum ranked 
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result of the change in ATS guidelines definition 
of NTM PD and of accumulated experience on 
NTM over the years or a true epidemiological 
change in NTM capacity to cause PD is diffi-
cult to estimate. The change in ATS guidelines 
would have probably resulted in an increased 
number of treated patients after 2007 and not 
after 2010 as in the present study. The involve-
ment of the RIU in the management of NTM 
PD may indeed have affected NTM PD recog-
nition, although even after the exclusion of RIU 
data (six patients in total for the years 2011, 2012 
and 2013) the increased proportion of treated 
patients remained. In that aspect we consider 
that a true epidemiological change is a possibil-
ity. Interestingly, Marras et al. also suggested that 
the increasing prevalence of pulmonary NTM 
disease in Ontario, Canada during 1998–2010 
could not be explained by improved laboratory 
methods alone [2]. Obviously, in the present study, 
the relatively small number of isolated NTM spe-
cies and the fact that these data come from only 
one reference laboratory does not allow definite 
conclusions. Therefore, this observation should be 
further investigated in other parts of the world.

Conclusion
In conclusion, we provided for the first time data 
from Greece on the relative pathogenicity of dif-
ferent isolated NTM species as well as the relative 
frequency of NTM species among patients receiv-
ing treatment for pulmonary disease. In contrast 
to previously reported specimen isolation data, 
MAC was found to be the predominant cause of 
NTM pulmonary disease followed by M. kansasii 

and RGM. The relevant pathogenicity of RGM 
was found to be significantly lower than this of 
MAC and M. kansasii. In addition an increase in 
the number of treated cases was observed over the 
study period that did not seem to be a result of 
more frequent NTM isolation but rather a con-
sequence of this isolation being more frequently 
considered as clinically relevant. These results 
highlight the diversity in different NTM species 
virulence and will hopefully encourage prospec-
tive studies on the association between NTM 
isolation and disease requiring treatment. This 
association may prove of particular value both 
in identifying the virulence of different NTM 
species worldwide and in assisting clinicians in 
the management of NTM pulmonary disease.

Future perspective
As knowledge on NTM increases, recognition 
of the NTM pulmonary disease will become 
easier especially in immunocompetent patients. 
Eventually pulmonary disease due to NTM 
will be more prevalent than tuberculosis in the 
 developed countries.
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EXECUTIVE SUMMARY
Clinical data

 Ɣ  Seventy three patients received treatment for NTM pulmonary disease in the two major chest diseases hospital in 
Greece during the period 1990–2013.

 Ɣ  MAC was the leading cause of NTM disease in all time periods accounting for 63% of total cases.
 Ɣ  M. kansasii ranked second with 12.3% and RGM third with 11%.

Relation to microbiological data
 Ɣ  NTM comprised 11% of the total number of mycobacterial species isolated during the period 2005–2013.
 Ɣ  10.9% of detected NTM cases resulted in treatment initiation during the period 2005–2013.
 Ɣ  Although the annual number of isolated NTM was relatively stable, the ratio of treated/detected cases ranged form 1.4 

in 2005 to ≥18% in the years 2011, 2012 and 2013.
 Ɣ  The ratio of treated/detected cases over the study period this ratio was 17.3% for MAC, 22.6% for M. kansasii and 3% for 

RGM.
 Ɣ  The ratio of treated/detected cases was signi"cantly lower for RGM than for MAC and M. kansasii.



Κλινικό φάσµα

§ Διάσπαρτη λοίµωξη σε ανοσοκατεσταλµένους
§ Συνηθέστερα προχωρηµένη HIV λοίµωξη

§ Λεµφαδενίτιδα τραχήλου

§ Λοίµωξη δέρµατος/ µαλακών µορίων

§ Πνευµονική λοίµωξη



Τί  από  τα  παρακάτω  δεν  προκαλείται  από  τα  ΝΤΜ

1. Πνευµονίτιδα εξ υπερευαισθησίας

2. Παρεγχυµατικά οζίδια

3. Κοιλοτικές βλάβες

4. Βρογχεκτασίες

5. Όλα τα παραπάνω είναι πιθανά



ΝΤΜ – Φάσµα πνευµονικής προσβολής
����������� ���������

•
 

Bacteriological criteria
•

 
At least 2 positive sampe 
with positive culture Or 1 
bronchial wash 

•
 

Or 1 bronchoalveolar lavage
•

 
Or positive biopsy with 
granuloma and one positive 
sputum

•
 

Clinical criteria
•

 
Pulmonary symptoms

•
 

Radiological criteria
•

 
Nodular or cavitary pacities, 
multifocal bronchiectasis 
with multiple small nodules

•
 

Appropriate 
exclusion of others 
diagnosis Griffith�ATS/IDSA,�AJRCCM�2007Griffith�ATS/IDSA,�AJRCCM�2007

NodularͲBronchiectatic�NTMͲPD
Epidemiology
•Elderly�(>60�yrs�old)�females
•Scoliosis,�mitral�valve�prolapse,�low�BMI
•No�preͲexisting�lung�disease,�CFTR�mut.

Clinical�course
•Prolonged�cough,�fatigue,�weight�loss

Microbiology
•Low�yield�of�ZN�&culture,�repeat�or�BAL

Radiology
•Bronchiectasis�w/�nodules,�treeͲinͲbud
•Middle�lobe�and�lingula�worst�affected LADY�WINDERMERE�SYNDROME

30�yo
 

female,�sputum�4+�AFB�culture�pos�for�MAC
 6�mos

 
TIW�azi/emb/rmp

 Sputum�AFB�culture�neg,�still�on�therapy

58�yo
 

female�with�macrolide
 

resistant�MAC
 Multiple�courses�of�antibiotics

 Chronic�respiratory�failure

Nodular/Bronchiectatic Fibro/Cavitary
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M.�avium�M.�avium���������������
•

 
3�diseases�=�3�different�managements

Hot tub Lung (Hypersensitivity disease)

+

=

No�antibiotics
MAC�exposure�avoidance
Sometimes�steroids

M.�avium�M.�avium���������������
•

 
3�diseases�=�3�different�managements

Hot tub Lung (Hypersensitivity disease)

+

=

No�antibiotics
MAC�exposure�avoidance
Sometimes�steroids
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Table 2. Radiological characteristics of 49 nontuberculous mycobacteria nodules.

Characteristics Values

Chest computed tomography
Size (mm) * 18.0 (12.5–28.5)
Location

Upper 24 (49)
Middle/lingular 7 (14)
Lower 18 (37)

Subpleural nodule 40 (82)
Calcification 15 (31)
Satellite nodules 3 (6)
Spiculation 39 (80)
Pleural invagination 36 (73)
18FDG-PET/CT (n = 41)
SUVmax 4.9 (2.5–8.7)
SUVmax (>2.5) 31/41 (76)

Data are presented as number (%) or median (interquartile range). * The maximal long-axis diameter is measured.
18FDG-PET, [18F] fluoro-2-deoxy-d-glucose positron emission tomography; CT, computed tomography.
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Figure 1. (A) A 56-year old female with a solitary pulmonary nodule. Chest computed tomography
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Table 2. Radiological characteristics of 49 nontuberculous mycobacteria nodules.

Characteristics Values

Chest computed tomography
Size (mm) * 18.0 (12.5–28.5)
Location

Upper 24 (49)
Middle/lingular 7 (14)
Lower 18 (37)

Subpleural nodule 40 (82)
Calcification 15 (31)
Satellite nodules 3 (6)
Spiculation 39 (80)
Pleural invagination 36 (73)
18FDG-PET/CT (n = 41)
SUVmax 4.9 (2.5–8.7)
SUVmax (>2.5) 31/41 (76)

Data are presented as number (%) or median (interquartile range). * The maximal long-axis diameter is measured.
18FDG-PET, [18F] fluoro-2-deoxy-d-glucose positron emission tomography; CT, computed tomography.
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Ποιος  δεν  είναι  προδιαθεσικός παράγοντας  για  
πνευµονική  λοίµωξη  από  ΝΤΜ

1. Ηλικία

2. Χρόνια Αποφρακτική Πνευµονοπάθεια

3. Βρογχεκτασίες

4. Σακχαρώδης Διαβήτης

5. Σωµατότυπος



Προδιαθεσικοί παράγοντες

Risk�Factors

•
 

Exposure�
•

 
Host�factors

–
 

2Ͳ10%�in�Bronchiectasis
OR�187.5�(24.8Ͳ1417)

(Wickremasinghe�2005,�Fowler�2006,�Andrejak�2013)
–

 
13%�CF

 
(Olivier�2003)

–
 

10%�PCD
 

(Noone�2004)

–
 

COPD
 

(Andrejak�2013)�>5y�in�42.8%�NTM
OR�15.7�(11.4Ͳ21.5)
11%�of�126�LVRS�biopsies�evidence�of�mycobact�inf
(Char�2014)

–
 

Morphology�(Kim�2008,�Prince�1989)
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OR�187.5�(24.8Ͳ1417)
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(Olivier�2003)
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10%�PCD
 

(Noone�2004)
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OR�15.7�(11.4Ͳ21.5)
11%�of�126�LVRS�biopsies�evidence�of�mycobact�inf
(Char�2014)

–
 

Morphology�(Kim�2008,�Prince�1989)

Risk�Factors

•
 

Exposure�

Adjemian�2012

Hoefsloot

 

2013

(Maekawa�2011)

Risk�Factors

•
 

Exposure�
•

 
Host�factors

–
 

2Ͳ10%�in�Bronchiectasis
OR�187.5�(24.8Ͳ1417)

(Wickremasinghe�2005,�Fowler�2006,�Andrejak�2013)
–

 
13%�CF

 
(Olivier�2003)

–
 

10%�PCD
 

(Noone�2004)

–
 

COPD
 

(Andrejak�2013)�>5y�in�42.8%�NTM
OR�15.7�(11.4Ͳ21.5)
11%�of�126�LVRS�biopsies�evidence�of�mycobact�inf
(Char�2014)

–
 

Morphology�(Kim�2008,�Prince�1989)

Risk�Factors

•
 

Host�factors
•

 
Underlying�immuneљ
–

 
Mouse�models

–

 
TNFR�(Ehlers�1999),

 

IFNg�(Ordway�2008)
 

deficient

–

 
IL10�deficient�+IL12�admin�better�(Murray�1999)

–

 
Mendelian�susceptibility

–

 
IFNg�R1�deficiency

 
(Dorman�2004)

–

 
IL12�R�deficiency�(Altare�1998)

–

 
Stimulated�ex�vivo�PBMCs�

–

 
љIL12,�IFNg,�TNFa,�ј

 
IL10�in�several�studies�

vs�healthy�controls�(Kwon�2007,Kartalija�2013),
skin�test�MAC�controls�(Vankayalapati�2001),
TB�patients�(Greinert�2000)
but�not�universal�finding�(Kim�2008)

Περιβαλλοντική έκθεση
Ηλικία (50-70)

Δοµικές βλάβες (BXS, COPD)

CF (CFTR mutations), PCD

Κάπνισµα ΓΟΠ

Διαταραχές ανοσίας (IFNγ, IL10, IL12..)

Σωµατότυπος



Κλινικές εκδηλώσεις

• Βήχας, Απόχρεµψη, Αιµόπτυση
• Πυρετός, Εφιδρώσεις
• Κακουχία, Απώλεια βάρους

• Πιο ήπιες και µε βραδύτερη εξέλιξη από κλασική φυµατίωση

• Σε προϋπάρχουσα πνευµονοπάθεια δεν είναι αυτονόητη η 
απόδοση των συµπτωµάτων στα ΝΤΜ…



ΝΤΜ – Φάσµα πνευµονικής προσβολής
30�yo

 
female,�sputum�4+�AFB�culture�pos�for�MAC

 6�mos
 

TIW�azi/emb/rmp
 Sputum�AFB�culture�neg,�still�on�therapy

58�yo
 

female�with�macrolide
 

resistant�MAC
 Multiple�courses�of�antibiotics

 Chronic�respiratory�failure

Fibro/Cavitary

o ♂ 50-70 ετών καπνιστής
o COPD, Πυριτίαση, Ίνωση

o Όμοια με ΤΒ αλλά πιο αργής 
εξέλιξης

o Κοιλοτικές βλάβες άνω λοβών

o Z-N & Καλλιέργεια +
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•

 
Bacteriological criteria
•

 
At least 2 positive sampe 
with positive culture Or 1 
bronchial wash 

•
 

Or 1 bronchoalveolar lavage
•

 
Or positive biopsy with 
granuloma and one positive 
sputum

•
 

Clinical criteria
•

 
Pulmonary symptoms

•
 

Radiological criteria
•

 
Nodular or cavitary pacities, 
multifocal bronchiectasis 
with multiple small nodules

•
 

Appropriate 
exclusion of others 
diagnosis Griffith�ATS/IDSA,�AJRCCM�2007Griffith�ATS/IDSA,�AJRCCM�2007

NodularͲBronchiectatic�NTMͲPD
Epidemiology
•Elderly�(>60�yrs�old)�females
•Scoliosis,�mitral�valve�prolapse,�low�BMI
•No�preͲexisting�lung�disease,�CFTR�mut.

Clinical�course
•Prolonged�cough,�fatigue,�weight�loss

Microbiology
•Low�yield�of�ZN�&culture,�repeat�or�BAL

Radiology
•Bronchiectasis�w/�nodules,�treeͲinͲbud
•Middle�lobe�and�lingula�worst�affected LADY�WINDERMERE�SYNDROME

Nodular/Bronchiectatic
o ♀ >60 ετών µη καπνίστρια
o Χωρίς προϋπάρχουσα
πνευµονοπάθεια

o ⇣ΒΜΙ, σκολίωση, pectus excavatum,
πρόπτωση µιτροειδούς

o Παρατεταµένος βήχας, κόπωση, 
απώλεια βάρους

o Οζίδια, tree in bud, βρογχεκτασίες
µέσου και γλωσσίδας

o ⇣ απόδοση Z-N/ Καλλιέργειας
o Διάγνωση µε BAL



Ποιο  από  τα  παρακάτω  θέτει  διάγνωση  ΝΤΜ  
πνευµονικής  νόσου

1. Καλλιέργεια ΝΤΜ σε ένα δείγµα πτυέλων

2. Καλλιέργεια του ίδου στελέχους ΝΤΜ σε δύο δείγµατα πτυέλων

3. Καλλιέργεια ΝΤΜ σε βρογχοσκοπικό δείγµα

4. Κανένα από τα παραπάνω



Διάγνωση

ii10 Haworth CS, et al. Thorax 2017;72:ii1–ii64. doi:10.1136/thoraxjnl-2017-210927

BTS guideline

person-to-person transmission of M. abscessus in individuals 
with CF. (Grade B)

SECTION 5: HOW SHOULD THE LUNG DISEASE 
ATTRIBUTABLE TO NTM INFECTION BE DEFINED?
Evidence summary
As NTM are ubiquitous organisms that are frequently found 
in drinking water, the culture of NTM from a respiratory tract 
culture does not necessarily indicate the presence of lung disease 
attributable to NTM infection. Thus to determine the clinical 
relevance of a positive NTM culture, it is essential to distinguish 
transient or persistent colonisation from infection, the latter 
indicating tissue invasion and the potential to develop progres-
sive lung disease.

The term NTM-pulmonary disease (NTM-PD) is commonly 
used to make this distinction and was defined in the ATS/IDSA 
statement on the Diagnosis, Treatment and Prevention of Nontu-
berculous Mycobacterial Diseases published in 2007.1 Unlike TB 
where one positive culture is usually sufficient to define infec-
tion, to meet the ATS/IDSA criteria for NTM-PD a patient must 
have characteristic symptoms, compatible radiology, and two or 
more positive sputum samples of the same NTM species or one 
positive bronchial wash/lavage or compatible histopathological 
findings with one positive culture. Other potential causes of 
pulmonary disease must also be excluded. The microbiological 
criteria are based on the findings of an observational study from 
Japan that involved patients with chronic respiratory disease 
and one or more sputum cultures positive for MAC.106 Only 2% 
of patients with a single positive culture developed progressive 
radiological change compared with 98% of patients with two 
or more positive cultures. Subsequent studies confirm that the 
risk of developing NTM-PD in the context of only one NTM 
positive culture following initial investigation is between 4% and 
14%,107 108 but the risk is likely to be higher in specific patient 
groups such as CF.109 The ATS/IDSA clinical criteria (symptoms 
and radiology) for NTM-PD are based on clinical experience 
derived largely from managing patients with MAC, M. abscessus 
complex and M. kansasii.1 While these diagnostic criteria for 
NTM-PD have not been validated in any patient group or for 
any specific organism, they have been widely adopted in clin-
ical practice, in research and in clinical trials relating to NTM 
infection.

Evidence statement
A single NTM isolate from sputum, which is not isolated again 

on repeated culture, is usually of no clinical relevance. (Evidence 
level 3)

Individuals with two or more isolates of the same NTM from 
repeated sputum cultures are more likely to develop radiological 
evidence of disease. (Evidence level 3)

Recommendation
 Ź In the absence of robust evidence to support an alternative 

definition and due to the clinical and research benefits of 
having a uniform definition, use of the ATS/IDSA 2007 defi-
nition of NTM-pulmonary disease is recommended1 (see 
box 1). (Grade D)

Good practice point
 3 The management of coexisting lung conditions/infec-

tions should be optimised before ascribing clinical decline to 
NTM-pulmonary disease.

SECTION 6: WHAT SAMPLES SHOULD BE USED TO DETECT 
PULMONARY NTM INFECTION?
Evidence summary
Currently sputum, induced sputum, bronchial washings and 
bronchoalveolar lavage fluid are used to detect pulmonary 
NTM infection. There have been no systematic comparisons of 
these methods of NTM detection. Transbronchial biopsies may 
reveal NTM (on microscopy or culture) and may demonstrate 
granulomatous inflammation (supporting NTM disease rather 
than transient colonisation), although clearly have an associated 
procedural risk which needs to be considered.110 Tracheal aspi-
rates, pleural fluid and tissue samples, and lung biopsies, have 
all been used to detect NTM infection and may be useful in the 
appropriate clinical setting.1 111–113 Oropharyngeal swabs can 
fail to detect NTM infection since they frequently do not obtain 
sufficient lower respiratory tract material for culture.114 There 
is currently no supporting evidence for the culture of gastric 
aspirates, faecal specimens or urine to detect NTM infection in 
HIV-negative patients. Laboratory processing of samples should 
ideally be performed within 24 hours of collection to avoid 
bacterial overgrowth, which can reduce NTM viability and 
prevent successful decontamination.115 Studies have shown that 
refrigeration of samples may improve mycobacterial detection 
from sputum samples and should be considered if delays longer 
than 24 hours in processing are anticipated.116

Antigen skin testing has been used to detect NTM expo-
sure,117 118 but has not been shown to be a valid detection 
method for NTM infection. Serological testing has been exam-
ined in a number of studies as a detection method for NTM 

Box 1 Clinical and microbiological criteria for 
diagnosing non-tuberculous mycobacterial lung 
disease (modified with permission from Griffith et al1)

Clinical (both required)
1. Pulmonary symptoms, nodular or cavitary opacities on 

chest radiograph, or a high-resolution CT scan that shows 
multifocal bronchiectasis with multiple small nodules.

 and
2. Appropriate exclusion of other diagnoses.

Microbiological
1. Positive culture results from at least two separate 

expectorated sputum samples; if the results are non-
diagnostic, consider repeat sputum AFB smears and cultures.

 or
2. Positive culture results from at least one bronchial wash or 

lavage.
 or
3. Transbronchial or other lung biopsy with mycobacterial 

histopathological features (granulomatous inflammation 
or AFB) and positive culture for NTM or biopsy showing 
mycobacterial histopathological features (granulomatous 
inflammation or AFB) and one or more sputum or bronchial 
washings that are culture-positive for NTM.

Reprinted with permission of the American Thoracic Society.  
Copyright © 2017 American Thoracic Society.
Cite: Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA statement: 
diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. Am J 
Respir Crit Care Med 2007;175:367–416.
The American Journal of Respiratory and Critical Care Medicine is an official journal 
of the American Thoracic Society. 
AFB, acid-fast bacilli; NTM, non-tuberculous mycobacteria
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Αποµόνωση ΝΤΜ σε καλλιέργεια πτυέλων… 

§ Επιµόλυνση ?

§ Περιστασιακή (casual) εµφάνιση ?

§ Αποικισµός ?

§ Νόσος ?

§ Στέλνουµε >= 3 πτύελα ή Βρογχοσκόπηση

§ Ενηµερώνουµε το εργαστήριο

§ Σε υποψία αλλά όχι τεκµηρίωση νόσου παρακολουθούµε:

§ Κλινικά, απεικονιστικά, µικροβιολογικά

intravenous, and inhaled antibiotics, because
there are no standardized NTM treatment
regimens for patients with CF. No subjects
had surgical resection as part of their
treatment plan. Overall, 43% of subjects did
not clear their first NTM species cultured. The
majority (60%) of the 25 subjects treated for
MAC converted their cultures to negative
(Figure E2). Thirty-two percent of subjects did
not convert their cultures to negative, whereas
in 8%, MAC recurred after an average of
1.75 years of negative cultures. The majority
(55%) of subjects with M. abscessus did not
convert their cultures to negative (Figure
E2). There was no significant difference in
culture conversion rates between MAC and
M. abscessus (P = 0.42). Among those who
did not convert their cultures, a single adult
subject died of respiratory failure deemed
related to M. abscessus 8 years after bilateral
lung transplant.

In subjects treated for active NTM
disease, there was a significant difference
between the mean FEV1 1 year before the
first positive culture and the mean FEV1 at
the time of treatment initiation (81% 6 3.1
SEM vs. 65% 6 4.3 SEM; P , 0.05)
(Figure 3). There were no other statistically
significant differences, although FEV1

appears to stabilize and improve with
initiation of NTM treatment.

Discussion

NTM is widely recognized as a significant
complication of CF (1–10). Although
much has been learned concerning the
epidemiology of NTM in CF, previous
studies examining the prevalence of NTM
and potential risk factors for acquisition
were not designed to guide clinical
decision-making. Several additional reports
have prospectively or retrospectively
analyzed the impact of NTM on
progression of CF lung disease (7, 8, 13,
16, 26–28). However, even in multicenter
trials, cases are relatively rare, and
distinguishing between patients with
a single positive culture, patients with
apparent indolent infection, and patients
with NTM disease is difficult from
reviewing databases in the absence of
a detailed history and extended clinical
follow-up (28); thus, data from these
different populations may be combined
(8, 16, 27). Due to these limitations, it is
difficult to make conclusions concerning
clinical outcomes of patients with CF with
NTM from the available literature.

Herein, we report the clinical outcomes
of the largest CF cohort described to date
from the time of subjects’ first positive
NTM culture in which NTM culture data

were combined with longitudinal clinical
data. In this population, MAC was most
often the first positive NTM recovered.
Contrary to previous reports (3, 4, 29), we
did not observe less MAC in the pediatric
population. In fact, except for the expected
age-related differences in FEV1 and
coinfection rate with P. aeruginosa, we did
not see a significant difference in any
clinical characteristic tested or distribution
of NTM species between pediatric and adult
subjects at the time of first positive culture.

Although MAC was typically the first
identified NTM, a subsequent positive
culture for M. abscessus was common,
whereas subjects who first cultured
M. abscessus also had a high rate of secondary
positive cultures for MAC. Together, 26%
of subjects were identified with a second
NTM species at 5 years, and 36% were
identified with a second NTM species at
10 years. Because routine identification of
various species within the M. avium and
M. abscessus complexes was not performed
during the study, these findings almost
certainly underrepresent the true frequency
of recovering a second NTM. Many
previous trials have anecdotally noted the
presence of individuals with more than one
species of NTM recovered from their
sputum (1–4, 11, 14, 29–31). With
longitudinal analysis starting at the time
of initial detection of NTM, our data
demonstrate that the presence of a second
species of NTM is more than an occasional
occurrence; rather, it is a predictable
development in patients with CF after an
initial positive culture. These findings
support the need for lifelong strategies for
NTM surveillance and management in
patients with CF who present with a
positive NTM culture.

Within our study group, about one
quarter of subjects apparently cleared their
sputum spontaneously after a single positive
culture. With NTM widely present in the
environment, these organisms are likely
transiently present in the CF airway at any
point in time, with no clinical significance.
Of greater interest, we demonstrated the
presence of a large cohort of patients with
CF with recurrent positive cultures for NTM
but no clinical evidence of disease. The
potential for patients with CF to have
“indolent infection” by NTM, including
M. abscessus, has previously been described
in case series but is not well defined or
universally accepted (8, 12, 14, 31, 32).
Over the period of analysis, spanning

Figure 1. Change in percent predicted FEV1 over time from 1 year before to 3 years after the date of
the first positive culture in the three nontuberculous mycobacteria (NTM) groups. Subjects are
divided into those with transient infection, those with persistent infection, and those with active
disease. The vertical dashed line (at time 0) represents the time of first positive NTM culture. Subjects
with active NTM disease have a lower baseline FEV1 at time of first positive culture, an increased rate
of decline in FEV1 over the 1 year preceding the first positive culture, and an accelerated rate of
decline in FEV1 after the first positive culture when compared with the other groups. There were no
differences in baseline FEV1 or decline in FEV1 for subjects with transient or persistent infection before
or after the first positive NTM culture.
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Θεραπεία

• Γυναίκα 62 ετών µε βρογχεκτασίες άµφω, 
χρόνιο παραγωγικό βήχα και δύσπνοια 
προσπαθείας

• Ανάπτυξη M. abscessus σε δύο δείγµατα 
πτυέλων

• Ανάπτυξη Pseudomonas και Klebsiella σε 
αντίστοιχα πτύελα

• Λαµβάνει LABA LAMA ICS 

• Τί αγωγή ξεκινάµε;

62�year�old�female�with�
 M.�abscessus�lung�disease



Θεραπεία

1. Έναντι M. abscessus

2. Εκρίζωση Pseudomonas

3. Μακροχρόνια µακρολίδη

4. Φυσιοθεραπεία και 
νεφελοποιήσεις µε HS 3%

62�year�old�female�with�
 M.�abscessus�lung�disease

62�year�old�female�with�
 M.�abscessus�lung�disease



Ερωτήµατα στη Θεραπεία των ΝΤΜ

1. Μπορώ να βελτιστοποιήσω την υποκείµενη παθολογία και συννοσηρότητα;

2. Μήπως το φορτίο της θεραπείας είναι βαρύτερο του φορτίου της ασθένειας;

3. Είναι ο ασθενής πρόθυµος και ικανός να τεθεί σε ένα πολυφαρµακευτικό σχήµα για > 1 έτος;

4. Υπάρχει δυνατότητα χειρουργικής εξαίρεσης της πάσχουσας περιοχής; 

5. Θα δώσω εγώ θεραπεία ή θα παραπέµψω τον ασθενή σε εξειδικευµένο κέντρο; 



Θεραπεία

§ Είδος Μυκοβακτηριδίου

§ Παθογονικότητα, Επιλογή αντιβιοτικών

§ Μορφή πνευµονικής νόσου

§ Κοιλότητες vs Βρογχεκτασίες

§ Βαρύτητα και Εξέλιξη και νόσου

§ Κατάσταση ασθενούς

§ Δυνατότητα και προθυµία να λάβει θεραπεία

������������α�������������
���������
•

 
NTM�disease�is�not�synonymous�of�systematic�treatment�!

•
 

Treatment�according�to�severity�of�the�disease
•

 
Need�of�biomarkers�to�decide�initiation�treatment….

UNDER 
DIAGNOSIS

OVER
DIAGNOSIS

DISEASE PROGRESSION DRUG TOXICITY



Τί από  τα  παρακάτω  σχετικά  µε  τη  θεραπεία  των  
ΝΤΜ  είναι  αληθές

1. Είναι σκόπιµο οι ασθενείς µε ΝΤΜ να παρακολουθούνται σε 
συνεργασία µε ειδικευµένο στο νόσηµα ιατρό. 

2. Μονοθεραπεία µε µακρολίδη ενδείκνυται σε βρογχεκτασίες και ήπια 
λοίµωξη από MAC

3. Το κλασσικό 4πλό αντιφυµατικό σχήµα καλύπτει τις περισσότερες 
λοιµώξεις από ΝΤΜ

4. Η αγωγή καθορίζεται από τα αποτελέσµατα του τεστ ευαισθησίας 
στα φάρµακα του σχεδιαζόµενου σχήµατος



Θεραπεία – Βασικές Αρχές

§ Τουλάχιστον 3 φάρµακα 

§ Διαφορετική αγωγή για κάθε ΝΤΜ
§ µικρή ως καθόλου συνάφεια µε την αγωγή της κλασικής ΤΒ

§ Για κάθε ΝΤΜ υπάρχουν ένα ή δύο κρίσιµα φάρµακα που 
υποστηρίζουν το υπόλοιπο σχήµα

§ Τεστ ευαισθησίας µε περιορισµένες και συγκεκριµένες ενδείξεις
§ Ασταθής in vitro – in vivo συσχέτιση



Θεραπεία – Βασικές Αρχές

§ Κλινική, ακτινολογική και βακτηριολογική παρακολούθηση
§ Ανά 1-3 µήνες κατά τη διάρκεια της θεραπείας και συνέχιση µετά 
το τέλος της

§ Κίνδυνος υποτροπής / αναµόλυνσης

§ Διάρκεια θεραπείας 12 µήνες µετά την αρνητικοποίηση των 
πτυέλων... συνήθως ~ 18 µήνες

§ Προβλήµατα συµµόρφωσης και παρενεργειών…



Θεραπευτικά σχήµατα

• MAC Complex

§ Φάρµακο κλειδί η µακρολίδη / Ποτέ µονοθεραπεία

§ Τεστ ευαισθησίας σε µακρολίδη καθοριστικό
§ CLA 500mgx2 + EMB 15-25mg/kg + RIF 600mgx2 (3-7/w)

§ Σε σοβαρή λοίµωξη: 
§ Καθηµερινή αγωγή ±
§ Επιπρόσθετη αµινογλυκοσίδη (µετά τεστ ευαισθησίας) για 3 µήνες



Θεραπευτικά σχήµατα

• MAC Complex

§ Επιτυχής θεραπεία σε 60-85%

§ Κίνδυνος υποτροπής ως 50% → 75% από νέα στελέχη

§ Σε αντοχή στη µακρολίδη/ µη βελτίωση/ υποτροπή…

Παραποµπή σε ειδικό κέντρο

§ Δεύτερης ? γραµµής φάρµακα: Εισπνεόµενη Αµικασίνη, 
Κινολόνη, Κλοφαζιµίνη…



Θεραπευτικά σχήµατα

• M. kansasii

§ Φάρµακο κλειδί η Ριφαµπικίνη

§ Μόνη και Απαραίτητη ένδειξη για τεστ ευαισθησίας

§ RIF  + EMB + INH or Macrolide

§ Διάρκεια 9-12 µήνες συνήθως αρκετή

§ Σε ευαισθησία στη RIF ως και 100% θεραπεία



Θεραπευτικά σχήµατα

• Mycobacterium abscessus complex
1. M abscessus subsp abscessus
2. M a. boletii
• Συνήθως αντοχή στις µακρολίδες, αρνητικοποίηση πτυέλων ~ 25-40%

3. M a. massiliense
• συνήθως ευαίσθητο σε µακρολίδες, αρνητικοποίηση πτυέλων ~ 90%

Σηµασία ταυτοποίησης στο υποείδος και 
ελέγχου επαγωγής αντοχής στις µακρολίδες



Θεραπευτικά σχήµατα

• Mycobacterium abscessus complex (clarithromycin 
sensitive)
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 The primary composite endpoint (incorporating 

an improvement in symptoms, radiology and microbiology) 

was achieved by 13/18 (72%) participants receiving Interferon 

gamma versus 5/14 (36%) receiving placebo (p=0.037) after 6 

months of treatment and the improvement was maintained for 

12 months following treatment cessation. While these results 

are encouraging, the use of a novel composite endpoint suggests 

that further supporting data are required before this treatment 

approach can be recommended.

No studies were identified that evaluate whether vitamin 

D supplementation enhances host immunity and improves 

outcomes in patients with NTM-PD.

No studies were identified that evaluate whether nutritional 

supplementation improves outcomes in nutritionally depleted 

patients with NTM-PD.

Evidence statement
Intramuscular interferon gamma resulted in a significant 

improvement in a novel composite clinical/bacteriological/ radio-

logical endpoint in individuals with predominantly MAC-pul-

monary disease receiving a standardised antibiotic regimen of 

daily oral azithromycin, rifampicin, ethambutol and ciproflox-

DFLQ���(YLGHQFH�OHYHO��ï�
Nebulised interferon gamma and subcutaneous M. vaccae do 

not improve outcomes in individuals with NTM-pulmonary 

GLVHDVH���(YLGHQFH�OHYHO��ï�

Recommendations
 Ź Interferon gamma is not recommended as adjuvant therapy 

in individuals with NTM-pulmonary disease without a 

defined immunodeficiency affecting intrinsic interferon 

gamma signalling. (Grade D)

 Ź M. vaccae is not recommended as adjuvant therapy in indi-

viduals with NTM-pulmonary disease. (Grade D)

SECTION 14: WHAT INVESTIGATIONS SHOULD BE 
PERFORMED DURING TREATMENT OR FOLLOWING 
TREATMENT FOR NTM-PULMONARY DISEASE?
Evidence summary
There are no prospective controlled trials evaluating which inves-

tigations should be performed during treatment or following 

treatment for NTM-PD. However, a variety of outcome 

measures have been used to assess the efficacy, safety and toler-

ability of treatment within the randomised controlled trials and 

non-comparator studies involving patients with NTM-PD.

Microbiological outcomes
The conventional microbiological outcomes are smear status, 

culture conversion and relapse (box 2). In a recent retro-

spective study of 180 patients receiving standard therapy for 

nodular bronchiectatic MAC lung disease, a reduction in a 

semiquantitative sputum culture score from baseline to month 

2 of treatment was highly predictive of subsequent sputum 

culture conversion and significantly correlated with symptom 

response (cough, fatigue, fever, haemoptysis) and radiograph-

ical improvement.
185

In a prospective randomised controlled treatment trial, deaths 

attributable to the NTM infection were more frequent in those 

who remained culture-positive after 12 months’ treatment.
214

Box 2 Definitions for microbiological outcomes

 Ź Culture conversion: three consecutive negative mycobacterial 
sputum cultures collected over a minimum of 3 months, 
with the time of conversion being the date of the first of the 
three negative mycobacterial cultures. In patients unable to 
expectorate sputum, a single negative mycobacterial culture 
of a CT-directed bronchial wash is indicative of culture 
conversion.

 Ź Recurrence: two positive mycobacterial cultures following 
culture conversion. If available, genotyping may help 
distinguish relapse from reinfection.

 Ź Refractory disease: failure to culture-convert after 12 months 
of non-tuberculous mycobacterial treatment.

Table 8 Suggested antibiotic regimens for adults with 
Mycobacterium abscessus-pulmonary disease
M. abscessus Antibiotic regimen

Clarithromycin 
sensitive isolates 
or inducible 
macrolide-resistant 
isolates

Initial phase: ≥1 month†
intravenous amikacin 15 mg/kg daily or 3× per week‡ 
and 
intravenous tigecycline 50 mg twice daily 
and where tolerated 
intravenous imipenem 1 g twice daily 
and where tolerated 
oral clarithromycin 500 mg twice daily or oral azithromycin 
250–500 mg daily
Continuation phase: 
nebulised amikacin‡ 
and 
oral clarithromycin 500 mg twice daily or azithromycin 
250–500 mg daily 
and 1–3 of the following antibiotics guided by drug 
susceptibility results and patient tolerance: 
oral clofazimine 50–100 mg daily§ 
oral linezolid 600 mg daily or twice daily
oral minocycline 100 mg twice daily
oral moxifloxacin 400 mg daily
oral co-trimoxazole 960 mg twice daily

Constitutive 
macrolide-resistant 
isolates

Initial phase: ≥1 month†
intravenous amikacin 15 mg/kg daily or 3× per week‡ 
and 
intravenous tigecycline 50 mg twice daily
and where tolerated 
intravenous imipenem 1 g twice daily
Continuation phase: 
nebulised amikacin‡ 
and
2–4 of the following antibiotics guided by drug susceptibility 
results and patient tolerance: 
oral clofazimine 50–100 mg daily§
oral linezolid 600 mg daily or twice daily
oral minocycline 100 mg twice daily
oral moxifloxacin 400 mg daily
oral co-trimoxazole 960 mg twice daily

†Due to the poorer response rates in patients with inducible or constitutive 
macrolide-resistant isolates and the greater efficacy of antibiotics administered 
through the intravenous route, extending the duration of intravenous antibiotic 
therapy to 3–6 months in those that can tolerate it may be the most appropriate 
treatment strategy in this subgroup of patients.
‡Substitute intravenous/nebulised amikacin with an alternative antibiotic if the M. 
abscessus is resistant to amikacin (ie, minimum inhibitory concentration >64 mg/L 
or known to have a 16S rRNA gene mutation conferring constitutive amikacin 
resistance).
§Start clofazimine during the initial phase of treatment if tolerated as steady-state 
serum concentrations may not be reached until ≥30 days of treatment.
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months of treatment and the improvement was maintained for 

12 months following treatment cessation. While these results 

are encouraging, the use of a novel composite endpoint suggests 

that further supporting data are required before this treatment 

approach can be recommended.

No studies were identified that evaluate whether vitamin 

D supplementation enhances host immunity and improves 

outcomes in patients with NTM-PD.

No studies were identified that evaluate whether nutritional 

supplementation improves outcomes in nutritionally depleted 

patients with NTM-PD.

Evidence statement
Intramuscular interferon gamma resulted in a significant 

improvement in a novel composite clinical/bacteriological/ radio-

logical endpoint in individuals with predominantly MAC-pul-

monary disease receiving a standardised antibiotic regimen of 

daily oral azithromycin, rifampicin, ethambutol and ciproflox-
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Nebulised interferon gamma and subcutaneous M. vaccae do 
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defined immunodeficiency affecting intrinsic interferon 

gamma signalling. (Grade D)

 Ź M. vaccae is not recommended as adjuvant therapy in indi-

viduals with NTM-pulmonary disease. (Grade D)

SECTION 14: WHAT INVESTIGATIONS SHOULD BE 
PERFORMED DURING TREATMENT OR FOLLOWING 
TREATMENT FOR NTM-PULMONARY DISEASE?
Evidence summary
There are no prospective controlled trials evaluating which inves-

tigations should be performed during treatment or following 

treatment for NTM-PD. However, a variety of outcome 

measures have been used to assess the efficacy, safety and toler-

ability of treatment within the randomised controlled trials and 

non-comparator studies involving patients with NTM-PD.

Microbiological outcomes
The conventional microbiological outcomes are smear status, 

culture conversion and relapse (box 2). In a recent retro-

spective study of 180 patients receiving standard therapy for 

nodular bronchiectatic MAC lung disease, a reduction in a 

semiquantitative sputum culture score from baseline to month 

2 of treatment was highly predictive of subsequent sputum 

culture conversion and significantly correlated with symptom 

response (cough, fatigue, fever, haemoptysis) and radiograph-

ical improvement.
185

In a prospective randomised controlled treatment trial, deaths 

attributable to the NTM infection were more frequent in those 

who remained culture-positive after 12 months’ treatment.
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Box 2 Definitions for microbiological outcomes

 Ź Culture conversion: three consecutive negative mycobacterial 
sputum cultures collected over a minimum of 3 months, 
with the time of conversion being the date of the first of the 
three negative mycobacterial cultures. In patients unable to 
expectorate sputum, a single negative mycobacterial culture 
of a CT-directed bronchial wash is indicative of culture 
conversion.

 Ź Recurrence: two positive mycobacterial cultures following 
culture conversion. If available, genotyping may help 
distinguish relapse from reinfection.

 Ź Refractory disease: failure to culture-convert after 12 months 
of non-tuberculous mycobacterial treatment.

Table 8 Suggested antibiotic regimens for adults with 
Mycobacterium abscessus-pulmonary disease
M. abscessus Antibiotic regimen

Clarithromycin 
sensitive isolates 
or inducible 
macrolide-resistant 
isolates

Initial phase: ≥1 month†
intravenous amikacin 15 mg/kg daily or 3× per week‡ 
and 
intravenous tigecycline 50 mg twice daily 
and where tolerated 
intravenous imipenem 1 g twice daily 
and where tolerated 
oral clarithromycin 500 mg twice daily or oral azithromycin 
250–500 mg daily
Continuation phase: 
nebulised amikacin‡ 
and 
oral clarithromycin 500 mg twice daily or azithromycin 
250–500 mg daily 
and 1–3 of the following antibiotics guided by drug 
susceptibility results and patient tolerance: 
oral clofazimine 50–100 mg daily§ 
oral linezolid 600 mg daily or twice daily
oral minocycline 100 mg twice daily
oral moxifloxacin 400 mg daily
oral co-trimoxazole 960 mg twice daily

Constitutive 
macrolide-resistant 
isolates

Initial phase: ≥1 month†
intravenous amikacin 15 mg/kg daily or 3× per week‡ 
and 
intravenous tigecycline 50 mg twice daily
and where tolerated 
intravenous imipenem 1 g twice daily
Continuation phase: 
nebulised amikacin‡ 
and
2–4 of the following antibiotics guided by drug susceptibility 
results and patient tolerance: 
oral clofazimine 50–100 mg daily§
oral linezolid 600 mg daily or twice daily
oral minocycline 100 mg twice daily
oral moxifloxacin 400 mg daily
oral co-trimoxazole 960 mg twice daily

†Due to the poorer response rates in patients with inducible or constitutive 
macrolide-resistant isolates and the greater efficacy of antibiotics administered 
through the intravenous route, extending the duration of intravenous antibiotic 
therapy to 3–6 months in those that can tolerate it may be the most appropriate 
treatment strategy in this subgroup of patients.
‡Substitute intravenous/nebulised amikacin with an alternative antibiotic if the M. 
abscessus is resistant to amikacin (ie, minimum inhibitory concentration >64 mg/L 
or known to have a 16S rRNA gene mutation conferring constitutive amikacin 
resistance).
§Start clofazimine during the initial phase of treatment if tolerated as steady-state 
serum concentrations may not be reached until ≥30 days of treatment.
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 Ź Susceptibility testing for M. abscessus should include at least 
clarithromycin, cefoxitin and amikacin (and preferably also 
tigecycline, imipenem, minocycline, doxycycline, moxiflox-
acin, linezolid, co-trimoxazole and clofazimine if a validated 
method is available) to guide, but not dictate, treatment regi-
mens. (Grade D)

Good practice points
 3 Susceptibility testing should only be carried out on isolates 

where there is clinical suspicion of disease (to avoid unnec-
essary cost and conserve laboratory resources).

 3 Reporting of MIC and critical concentration rather than 
susceptible or resistant may be more appropriate in the belief 
that a drug that has a very high MIC is unlikely to be active 
in vivo, whereas one just above a putative ‘critical concen-
tration’ may have some activity, especially if combined with 
additive or synergistic agents.

SECTION 10: WHAT INVESTIGATIONS SHOULD BE 
PERFORMED IN INDIVIDUALS SUSPECTED OF HAVING NTM-
PULMONARY DISEASE?
Evidence summary
In individuals with compatible symptoms, the ATS/IDSA micro-
biological and radiological criteria must be met before the diag-
nosis of NTM-PD is made.1 While there are no prospective 

controlled studies indicating which microbiological and radio-
logical investigations should be performed or how they should 
be interpreted, several case series and other studies provide some 
insights (figure 1).

Respiratory tract cultures
Sputum
In a retrospective observational study of Japanese patients 
with MAC, 98% of patients with two or more positive sputum 
cultures went on to develop chest X-ray changes indicative of 
progressive disease.106 In contrast, just 2 of 114 patients from 
whom only a single positive sputum culture was obtained devel-
oped progressive radiological change during follow-up of at least 
12 months.

In a retrospective study of patients with CF in the USA and at 
least one positive NTM culture, >60% of subjects had transient 
or persistent infection and did not meet the ATS/IDSA definition 
of NTM-PD.109

In a study from Taiwan of patients with a single isolate of 
MAC, M. chelonae/abscessus complex, M. kansasii or M. fortu-
itum from three or more sputum samples collected within 
1 month and who had at least 1 year of follow-up data, 44/202 
(22%) had subsequent cultures of the same NTM species, but 
only 8/202 (4%) developed NTM-PD.107

In a study from South Korea, involving 190 patients with an 
initial single positive sputum culture of either MAC, M. abscessus 

Figure 1 An algorithm for the investigation of individuals with clinical suspicion of NTM-pulmonary disease (AFB, acid-fast bacilli; HRCT, high-
resolution CT; NTM-PD, non-tuberculous mycobacterial pulmonary disease). Modified from Thorax with permission (Floto et al).336



Θεραπεία - Ερωτήµατα

1. Μπορώ να βελτιστοποιήσω την υποκείµενη παθολογία και συννοσηρότητα;

2. Μήπως το φορτίο της θεραπείας είναι βαρύτερο του φορτίου της ασθένειας;

3. Είναι ο ασθενής πρόθυµος και ικανός να τεθεί σε ένα πολυφαρµακευτικό σχήµα για > 1 έτος;

4. Υπάρχει δυνατότητα χειρουργικής εξαίρεσης της πάσχουσας περιοχής; 

5. Θα δώσω εγώ θεραπεία ή θα παραπέµψω τον ασθενή σε εξειδικευµένο κέντρο; 



Θεραπεία
Εναλλακτικές - Νεότερες επιλογές

§ Liposomal Amikacin for Inhalation
§ Bedaquiline
§ Clofazimine - Amikacin
§ IFN-γ 
§ Solithromycin
§ Avibactam

§ Χειρουργική εξαίρεση



Proper management requires greater expertise than is needed for 
treatment of tuberculosis, first to decide who needs to be treated and 
second to determine which drug regimens to use.
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