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Clinical and Treatment Outcome Differences

Between the Most Common Nontuberculous

Mycobacteria (NTM) in the Basque Country

To the Director,

Nontuberculous mycobacterial pulmonary disease (NTM-PD) is
considered an emerging disease with increasing incidence. The
importance of NTM infections lies in  the fact that  they require long
treatments, with at least three drugs, and with poorer outcomes
than tuberculosis, implying both high costs and a  significant impact
on patient quality of life.1–4

Environmental conditions as well as individual susceptibility
play an important role in the development of NTM-PD, with differ-
ences in disease prevalence and great variability in the causative
species by geographical area. There are also important clinical dif-
ferences between the NTM species in  their aggressiveness and
response to treatment.

Well-known studies compare the clinical relevance of the isola-
tion of different NTM species in the northern Europe and the USA,
but to our knowledge, no similar studies have been conducted in
southern Europe.5,6 Taking into account the marked geographic dif-
ferences in the distribution of NTM, we  undertook a detailed study
of all the NTM isolates in  respiratory samples in  our  area. The main
aim was to compare the pathogenicity of the NTM isolated (per-
centage of first isolates from respiratory samples associated with
true lung disease according to  the 2020 ATS criteria). As secondary
objectives, we sought to investigate associations of risk factors, and
clinico-radiological characteristics with specific NTM species and to
examine the clinical course with and without treatment.

This was a multicentre observational study, based on retro-
spective data from 2012 to 2017 and prospective data collected
between 2018 and 2020, in  four tertiary hospitals in the Basque
Country in Spain. We  included all patients aged ≥ 18 years with
NTM isolation from respiratory samples. Data on NTM isolates were
supplied monthly by the microbiology services within the tubercu-
losis control program. The study was approved by the local ethics
committees and conducted in accordance with the Declaration of
Helsinki for research in humans.

We  recorded data on patient demographic characteristics, med-
ication and baseline comorbidities. We also collected data on
symptoms, microbiological data, and radiological findings. If the
patients met  the criteria for NTM pulmonary disease (ATS 2020),
we studied the treatment prescribed (initiation or  not, its dura-
tion) and outcomes. Patients were followed up for at least 2 years
and we analyzed mortality and relapse.

Final outcomes were classified according to the Nontuberculous
Mycobacteria Network European Trials Group treatment outcome

definitions consensus: (1) cure: three consecutive negative cultures
with clinico-radiological improvement; (2) clinical cure: sustained
improvement in symptoms, without evidence of three negative
cultures; (3) treatment failure: persistence of positive cultures
with the causative species after ≥12 months of antimycobacterial
treatment.7

Chi-square or Fisher’s exact tests were used for comparing
categorical data. Differences were considered statistically sig-
nificant when p  <  0.05. When clustering was  in more than two
groups, to compare two by two, thresholds for significance
were adjusted for multiple comparisons using Tukey’s method or
Benjamini–Hochberg’s method.

NTM were isolated from 433 patients, of whom 134 met  the cri-
teria for NTM pulmonary disease. Of these, we analyzed the patients
with the most common nontuberculous mycobacteria species in
depth.

Overall, the median age was  65 years, although patients with
Mycobacterium abscessus were significantly younger. 47% of  the
patients were male with no differences by species. The main risk
factors and radiological findings are summarized in Table 1. Clinical
symptoms were very non-specific with cough and expectoration in
>90% of cases and are  not listed in  the table. Only 14 patients (10%)
with NTM-PD did not have any known risk factors.

Of the 134 patients who  met  disease criteria, only 98  received
treatment (73%), with significant differences between the different
NTMs as shown in Table 2. 88% of the treatments were in accordance
with current guidelines. The most common reasons for not pre-
scribing treatment were clinical stability (n =  22), older age (n =  5),
patient refusal (n = 5), or the existence of another health problem
with a  poor prognosis (n =  9).

The response rate differed between the species (from 82% to
60%), with a treatment failure rate of 15%.

The novelty of this study is  that it offers a  global vision of the
pathogenicity and treatment response of the most common NTM
in our area and underlines the differences between species.

MAC  is the species found most frequently, as is the case in  most
of the world8–10 and the percentage of isolates considered clinically
relevant in our setting is also similar to  that described by other
authors (41% vs rates varying from 27% to 56% in northern Europe
and USA5,6,11,12). In our study, 72% of the MAC patients who met
the disease criteria were treated, a  slightly higher rate than in other
studies.13,14

Moreover, a  considerable percentage of these untreated patients
(23%), despite meeting disease criteria, met  clinical criteria for cure.
Unfortunately, the subsample is  too small for statistical analysis,
but  relatively high rates of recovery with no treatment have also
been reported previously, reaching as high as 40–50% in  the afore-
mentioned studies.13,14
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Table  1

Risk factors and high-resolution computed tomography (HRCT) patterns by mycobacterial species.

[ALL] M.  avium

complex (MAC)
M. kansasii M. abcessus M.  lentiflavum

palustre

p value

Overall MAC  vs M.

kansasii

N  =  113 N  = 68 N =  28 N  =  8 N  =  9

Age, median [25th;75th] 65.15 [55.0;74.3] 69.01 [60.0;77.7] 58.0 [52.7;70.2] 42.5 [26.0;61.25] 71.0 [61.1;74.3] 0.004 0.071
Male  sex, N (%) 54  (47.7%) 34 (50.0%) 13 (46.4%) 3 (37.5%) 4  (44.4%) 0.929 1.000
Smoking, N (%) 32  (28.3%) 17 (25.0%) 12 (42.8%) 0 3  (33.3%) 0.043 0.042
COPD,  N (%) 21  (18.92%) 13 (19.12%) 5  (19.23%) 0 (0.00%) 3  (33.33%) 0.397 1.000
Bronchiectasis, N  (%)  59  (52.6%) 40 (58.8%) 6  (22.2%) 5 (62.5%) 8  (88.8%) 0.001 0.008
Previous  tuberculosis, N  (%) 32 (28.3%) 13 (19.1%) 15 (53.5%) 2 (25.0%) 2  (22.2%) 0.008 0.011
Inhaled  corticosteroids, N  (%) 30 (26.7%) 16 (23.8%) 9  (32.1%) 0 (0.00%) 5  (55.5%) 0.061 0.563
Systemic  corticosteroids, N (%)a 7  (6.1%) 5 (7.3%) 1  (3.5%) 1 (12.5%) 0  0.44
Immunosuppression, N (%)b 23  (20.3%) 15 (22.0%) 4  (14.2%) 3 (37.5%) 1  (11.1%) 0.32
Cancer,  N (%)c 15  (13.2%) 7 (10.2%) 3  (10.7%) 2 (25.0%) 3  (33.3%) 0.27
HIV,  N (%) 6  (5.3%) 4 (5.8%) 2  (7.1%) 0 0  0.82
HCRT  cavitary pattern, N (%)  27  (23.8%) 7 (10.2%) 16 (57.1%) 1 (12.5%) 3  (33.3%) <0.001 <0.001
HRCT  nodular-bronchiectasis 66  (58.4%) 46 (67.6%) 7  (25.0%) 6 (75.0%) 7  (77.7%) <0.001 0.002

a Patients were considered to be on systemic corticosteroids if they had been taking ≥7.5 mg/day of prednisone or equivalent for >3 months.
b Patients were classified as immunocompromised if they were transplant recipients, had hematological malignancies, or were on  TNF inhibitory therapy.
c Active cancer with treatment ongoing or within the previous 6 months.

Table  2

Pathogenicity, treatment, and outcomes.

Isolates
N  =  435

Pulmonary disease
N =  134

Patients treated
N =  98

Patients cured
N = 71

Cases of treatment
failure
N =  15

Cases of cure without
treatment
N = 31

MAC 166 68  (41%)a 49 (72%)b 33 (67%) 7 (14%) 16 (23%)
M.  kansasii 36 28  (78%)a 28 (100%)b 24 (85%) 2 (7%) 0
M.  abscessus 15  7 (46%)a 7 (100%) 5 (71%) 2 (29%) 0
M.  xenopi 8 1 (12%) 0 0  0  1  (100%)
M.  lentiflavum 60 9 (15%)a 5 (55%)b 3(60%) 2 (40%) 4  (44%)
Others  150 20 (13%) 8 (40%) 6 (75%) 2 (25%) 10 (83%)

a Between-species differences in the rate of disease (percentage of isolates considered clinically relevant) that remained significant after correction for multiple comparisons
were:
-  MAC compared to M. kansasii and M. lentiflavum.
- M. kansasii with MAC, M. abcessus and M. lentiflavum.
-  M. abcessus with M. kansasii and M.  lentiflavum.

b Between-species differences in treatment rate that remained significant after correction for multiple comparisons were:
-  M. kansasii with MAC  and M.  lentiflavum.

Mycobacterium lentiflavum,  a  lesser-known species, was the sec-
ond most common mycobacterium isolated but  showed very low
pathogenicity, as described by  other authors.15 On the other hand,
its response to treatment was poor.

In our setting, Mycobacterium kansasii is  by  far  the most
pathogenic species but has an excellent response to treatment as
described elsewhere.16 The second most pathogenic species in our
series is M.  abscessus, with a treatment response rate of 72%, notably
higher than in other studies, probably due to  a significant pro-
portion of cases corresponding to M. abscessus massiliensis which
responds better to  treatment.17

Underlying lung diseases are a  risk factor for the development
of pulmonary disease, and we found differences between mycobac-
terial species, with bronchiectasis being an important risk factor in
MAC  and M.  abscessus (especially in  patients with cystic fibrosis in
the latter), while in  M. kansasii,  having previously had tuberculosis
is the main risk factor. COPD appears as a  risk factor in  less than
20% of patients with no differences between the species. Inhaled
corticosteroids, a risk factor often considered avoidable in COPD
patients, was present in just 26% of our patients, a much lower
rate than reported in the literature,18 and there were no significant
differences between species.

Finally, regarding radiological characteristics, our data are con-
sistent with previous studies. Specifically, there are significant
differences between the different mycobacteria, with a  nodular-
bronchiectatic pattern being the most common in all species except
M. kansasii, with which over 57% of cases present a  cavitary pattern.

Some limitations of the present study should be addressed. First,
its retrospective part implies some potential weaknesses, but we
did not detect differences between retrospective and prospective
data. Additionally, patients were followed up for only 2 years, which
may be insufficient due to the slow progressive nature of  the dis-
ease.

To conclude, MAC  was disease causing in less than half of  the
isolates, with a  spontaneous cure rate of 20% and a  treatment fail-
ure rate of 14%, while M. kansasii was  pathogenic in nearly 80% of
isolates with an excellent response to  treatment. Our results show
that the clinical relevance and treatment outcome differ markedly
between mycobacterial species, with a  broad spectrum of  disease
with different expectations regarding response to  treatment and
clinical course, and hence, different criteria and treatment dura-
tions may  be needed.

Authors’ contributions

ETH and LAU take the responsibility of the manuscript as a
whole. ETH, LAU, JAGF, and MVLA conceived and designed the
study. ETH, LAU, JAGF, MVLA, BOUA and NOL enrolled patients
and collected and compiled data. BSZ performed the statistical
analysis. ETH and PAM analyzed and interpreted the data. ETH
and LAU wrote the manuscript. JAGF, MVLA, BOUA commented
and revised the report. All  authors read and approved the final
manuscript.

766



E. Tabernero, M.V. Leal, J.A. Garcia et al. Archivos de Bronconeumología 59 (2023) 765–767

Availability of data and material

The data that support the findings of this study are available on
request from the corresponding author.

Ethics approval and consent to  participate

The Biomedical Research Ethics Committee of Euskadi (PI2019-
001) approved this study.

Consent for publication

All authors have accepted the publication of the manuscript.

Funding sources

Grant from the Department of Health of the Basque Government
2018111098.

Conflict of interests

The authors declare they have no conflict of interest.

References

1. Stout JE, Koh WJ,  Yew WW.  Update on pulmonary disease due
to non-tuberculous mycobacteria. Int J Infect Dis. 2016;45:123–34,
http://dx.doi.org/10.1016/j.ijid.2016.03.006.

2.  Dahl VN, Mølhave M,  Fløe A, van  Ingen J, Schön T, Lillebaek T,
et al. Global trends of pulmonary infections with nontuberculous
mycobacteria: a  systematic review. Int J Infect Dis. 2022;125:120–31,
http://dx.doi.org/10.1016/j.ijid.2022.10.013.

3. Martínez González S, Cano Cortés A, Sota Yoldi LA, García García JM,
Alba  Álvarez LM,  Palacios Gutiérrez JJ, et al. Non-tuberculous mycobac-
teria. An emerging threat? Arch Bronconeumol. 2017;53:554–60,
http://dx.doi.org/10.1016/j.arbres.2017.02.014.

4. Daley CL, Iaccarino JM,  Lange C, Cambau E, Wallace RJ Jr, Andrejak
C, et al. Treatment of nontuberculous mycobacterial pulmonary disease:
an official ATS/ERS/ESCMID/IDSA clinical practice guideline. Eur Respir J.
2020;56:2000535, http://dx.doi.org/10.1183/13993003.00535-2020.

5.  Van Ingen J, Bendien SA, de Lange WC,  Hoefsloot W,  Dekhuijzen PN,
Boeree MJ,  et al. Clinical relevance of non-tuberculous mycobacteria isolated
in the Nijmegen-Arnhem region, The  Netherlands. Thorax. 2009;64:502–6,
http://dx.doi.org/10.1136/thx.2008.110957.

6. Bodle EE, Cunningham JA, Della-Latta P, Schluger NW,  Saiman L.  Epidemiology of
nontuberculous mycobacteria in patients without HIV infection, New York City.
Emerg Infect Dis. 2008;14:390–6, http://dx.doi.org/10.3201/eid1403.061143.

7.  Van Ingen J, Aksamit T, Andrejak C,  Böttger EC, Cambau E, Daley CL, et  al.
Treatment outcome definitions in nontuberculous mycobacterial pulmonary
disease: an NTM-NET consensus statement. Eur Respir J. 2018;51:1800170,
http://dx.doi.org/10.1183/13993003.00170-2018.

8. Martín-Casabona N, Bahrmand AR, Bennedsen J, Østergaard Thomsen V, Cur-
cio M,  Fauville-Dufaux M,  et  al. Non-tuberculous mycobacteria: patterns
of  isolation. A multi-country retrospective survey. Int J  Tuberc Lung Dis.
2004;8:1186–93.

9. Hoefsloot W,  van Ingen J, Andrejak C, Ngeby K, Bauriaud R, Bemer P, et al. The
geographic diversity of nontuberculous mycobacteria isolated from pulmonary
samples. An NTM-NET collaborative study for the Nontuberculous Mycobacte-

ria Network European Trials Group (NTM-NET). Eur Respir. 2013;42:1604–13,
http://dx.doi.org/10.1183/09031936.00149212.

10.  Zweijpfenning SMH, van Ingen J, Hoefsloot W. Geographic distribu-
tion of nontuberculous mycobacteria isolated from clinical specimens:
a  systematic review. Semin Respir Crit Care Med. 2018;39:336–42,
http://dx.doi.org/10.1055/s-0038-1660864.

11.  Cassidy PM, Hedberg K, Saulson A, McNelly E, Winthrop KL. Nontuberculous
mycobacterial disease prevalence and risk factors: a  changing epidemiology.
Clin Infect Dis. 2009;49:e124–9, http://dx.doi.org/10.1086/648443.

12.  Schiff HF, Jones S, Achaiah A, Pereira A, Stait G, Green B. Clinical
relevance of non-tuberculous mycobacteria isolated from respiratory spec-
imens: seven year experience in a UK hospital. Sci Rep. 2019;9:1730,
http://dx.doi.org/10.1038/s41598-018-37350-8.

13. Henkle E, Novosad SA, Shafer S, Hedberg K,  Siegel SAR, Ku J,  et al.
Long-term outcomes in a population-based cohort with respiratory non-
tuberculous mycobacteria isolation. Ann Am Thorac Soc. 2017;14:1120–8,
http://dx.doi.org/10.1513/AnnalsATS.201610-801OC.

14. Hwang JA, Kim S, Jo  KW,  Shim TS. Natural history of Mycobacterium avium
complex lung disease in untreated patients with stable course. Eur Respir J.
2017;49:1600537, http://dx.doi.org/10.1183/13993003.00537-2016.

15. Yagi K, Morimoto K,  Ishii M,  Namkoong H, Okamori S, Asakura
T,  et  al. Clinical characteristics of pulmonary Mycobacterium lenti-
flavum disease in adult patients. Int J  Infect Dis. 2018;67:65–9,
http://dx.doi.org/10.1016/j.ijid.2017.12.001.

16.  Huang HL, Cheng MH, Lu PL, Liu CJ, Chong IW,  Wang JY. Predic-
tors of developing Mycobacterium kansasii pulmonary disease within 1
year among patients with single isolation in multiple sputum samples:
a  retrospective, longitudinal, multicentre study. Sci Rep. 2018;8:17826,
http://dx.doi.org/10.1038/s41598-018-36255-w.

17. Victoria L,  Gupta A, Gómez JL, Robledo J. Mycobacterium abscessus complex:
a  review of recent developments in an emerging pathogen. Front Cell Infect
Microbiol. 2021;11:659997, http://dx.doi.org/10.3389/fcimb.2021.659997.

18.  Andréjak C, Nielsen R, Thomsen Vibeke Ø,  Duhaut P, Sorensen HT,
Thomsen RV. Chronic respiratory disease, inhaled corticosteroids and
risk of non-tuberculous mycobacteriosis. Thorax. 2013;68:256–62,
http://dx.doi.org/10.1136/thoraxjnl-2012-201772.

Eva Tabernero Huguet a,∗,  María Victoria Leal Arranz b,
Julia Amaranta Garcia Fuertes c,  Borja Santos Zorrozua d,
Nerea Ortiz Laza e, Borja Ortiz de Urbina a,
Paula Azpiazu Monterrubio f,  Lander Altube Urrengoechea g

a Pneumology Service, Hospital Universitario Cruces, Biocruces

Bizkaia Health Research Institute, Barakaldo, Bizkaia, Spain
b Pneumology Service, Hospital Universitario de  Basurto, Bilbao,

Bizkaia, Spain
c Pneumology Service, Hospital Universitario de  Alava, Vitoria, Spain
d Bioinformatics and Statistics Unit, Biocruces Bizkaia Health

Research Institute, Spain
e Pneumology Service, Hospital Universitario Cruces, Barakaldo,

Bizkaia, Spain
f Microbiology Service, Hospital Universitario Cruces, Barakaldo,

Bizkaia, Spain
g Pneumology Service, Hospital Universitario Galdakao-Usansolo,

Galdakao, Bizkaia, Spain

Corresponding author.
E-mail address: evataberna@yahoo.es (E. Tabernero).

767

dx.doi.org/10.1016/j.ijid.2016.03.006
dx.doi.org/10.1016/j.ijid.2022.10.013
dx.doi.org/10.1016/j.arbres.2017.02.014
dx.doi.org/10.1183/13993003.00535-2020
dx.doi.org/10.1136/thx.2008.110957
dx.doi.org/10.3201/eid1403.061143
dx.doi.org/10.1183/13993003.00170-2018
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
http://refhub.elsevier.com/S0300-2896(23)00236-3/sbref0130
dx.doi.org/10.1183/09031936.00149212
dx.doi.org/10.1055/s-0038-1660864
dx.doi.org/10.1086/648443
dx.doi.org/10.1038/s41598-018-37350-8
dx.doi.org/10.1513/AnnalsATS.201610-801OC
dx.doi.org/10.1183/13993003.00537-2016
dx.doi.org/10.1016/j.ijid.2017.12.001
dx.doi.org/10.1038/s41598-018-36255-w
dx.doi.org/10.3389/fcimb.2021.659997
dx.doi.org/10.1136/thoraxjnl-2012-201772
mailto:evataberna@yahoo.es

	Clinical and Treatment Outcome Differences Between the Most Common Nontuberculous Mycobacteria (NTM) in the Basque Country
	Authors’ contributions
	Availability of data and material
	Ethics approval and consent to participate
	Consent for publication
	Funding sources
	Conflict of interests

	References

