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ABSTRACT

Introduction: Understanding the local epidemiology of nontuberculous mycobacteria (NTM) and assessing clinical
practices related to NTM pulmonary disease (NTM-PD) are crucial for optimizing patient management. To this
end, we analysed these aspects in the Spanish region of La Rioja.

Methods: A retrospective descriptive study was conducted using data of all patients with NTM isolated from
respiratory specimens in La Rioja between 2006 and 2019. Demographic, microbiological, clinical, radiological,
therapeutic, and outcome data were collected.

Results: A total of 305 patients were identified, 61 of whom met criteria for NTM-PD. The mean incidence rate
of NTM isolations was 6.85 per 100,000 person-year and that of PD-NTM was 1.37. The annual incidence of
PD-NTM remained stable during most of the period studied. Municipalities in the west of La Rioja had higher
rates of isolation and PD-NTM than those in the east. Mycobacterium avium complex and Mycobacterium xenopi
were the most frequently caused PD-NTM. Notably, 32.8% of patients with PD-NTM did not receive the antibiotic
treatment recommended by guidelines.

Conclusions: NTM isolation and PD-NTM rates and the most frequently isolated species are in line with results
from other regions of Spain and Europe, however, marked differences are appreciated between the different
municipalities of La Rioja. The annual rate of EP-NTM did not show the upward trend described in other studies.
The degree of adherence to the guidelines could be improved.

RESUMEN

Introduccién: El conocimiento de la epidemiologia local de las micobacterias no tuberculosas (MNT), y la evalu-
acién de las practicas clinicas relacionadas con la enfermedad pulmonar por MNT (EP-MNT) son cruciales para
optimizar el manejo de los pacientes. Con este fin, analizamos estos aspectos en la regién espariola de La Rioja.
Métodos: Se realizé un estudio descriptivo retrospectivo con datos de todos los pacientes en los que se aislé una
MNT en muestra respiratoria en La Rioja entre 2006 y 2019. Se recogieron datos demogréficos, microbioldgicos,
clinicos, radiolégicos, terapéuticos y de resultados.
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Resultados: Se identificaron 305 pacientes, 61 de los cuales cumplian criterios de EP-MNT. La tasa media de
incidencia de aislamientos de MNT fue de 6,85 por 100.000 personas/afio y la de EP-MNT fue de 1,37. La
incidencia anual de EP-MNT se mantuvo estable durante la mayor parte del periodo estudiado. Los municipios
del oeste de La Rioja presentaron tasas mas altas de aislamientos y de EP-MNT que los del este. Mycobacterium
avium complex y Mycobacterium xenopi fueron las MNT mas frecuentes causantes de EP-MNT. Es destacable que el
32,8% de los pacientes con EP-MNT no recibieron el tratamiento antibiético recomendado por las guias clinicas.
Conclusiones: Las tasas de aislamiento de MNT y de EP-MNT, y las especies més frecuentemente aisladas estdn
en consonancia con los resultados de otras regiones de Espafia y Europa, sin embargo, se aprecian marcadas
diferencias entre los distintos municipios de La Rioja. La tasa anual de EP-MNT no mostr6 la tendencia ascendente
descrita en otros estudios. El grado de adherencia a las guias es mejorable.

Introduction

The genus Mycobacterium comprises a wide array of species and
subspecies. Excluding the Mycobacterium tuberculosis complex, Mycobac-
terium leprae complex, and Mycobacterium ulcerans, all remaining species
are collectively referred to as nontuberculous mycobacteria (NTM).!

To date, about 200 NTM species have been identified,? although only
a minority are associated with pulmonary disease.! Furthermore, the
isolation of potential pathogenic NTM from a respiratory sample does
not, by itself, confirm PD-NTM.! Diagnosis requires a combination of
microbiological, clinical, and radiological criteria, as established by the
American Thoracic Society (ATS) and the Infectious Disease Society of
America (IDSA) in 2007.° These criteria were minimally revised and
later endorsed by the European Respiratory Society (ERS) and the Euro-
pean Society of Clinical Microbiology and Infectious Diseases (ESCMID)
in 2020.! For brevity, we refer to them as the “ATS/IDSA criteria”.

Establishing the radiological and clinical criteria for PD-NTM diag-
nosis is resource-intensive, which limits the feasibility of large-scale
epidemiological studies.* Moreover, PD-NTM is a notifiable disease
in only a few regions worldwide.> These factors contribute to signifi-
cant knowledge gaps in the global epidemiology of NTM.*> Incidence
varies by geography, and although Mycobacterium avium complex (MAC)
is the most commonly isolated species and the leading cause of PD-
NTM worldwide, regional and even intra-regional variations in species
distribution have been reported.® Therefore, understanding local epi-
demiological patterns is essential for daily clinical practice.®

Studies conducted in different parts of the world indicate low adher-
ence to the ATS/IDSA guidelines.”~® Understanding regional clinical
practice patterns is crucial to identifying healthcare gaps and developing
strategies to improve patient outcomes.’

Accordingly, the objectives of this study were to determine the inci-
dence of NTM isolation and PD-NTM in La Rioja; to identify the most
frequently isolated species; evaluate adherence to ATS/IDSA diagnostic
and therapeutic guidelines; and to analyze clinical outcomes following
antibiotic treatment.

Material and methods

Design

A retrospective, descriptive study was conducted using data from
all patients with at least one respiratory sample (sputum, bronchoaspi-
rate [BAS], bronchoalveolar lavage [BAL], or pleural fluid) positive for
NTM between January 2006 and December 2019. Data were collected
from the two public hospitals in La Rioja: San Pedro University Hospital
(SPUH) in Logrofio and Calahorra Hospital (CH) in Calahorra. CH is a
regional hospital serving approximately 70,000 inhabitants, while SPUH
is a tertiary care center covering the remaining population (around
250,000) and serving as the referral hospital for the entire region. La
Rioja is an autonomous region in northern Spain, approximately 100 km
inland from the Cantabrian coast.

Data collection

To select patients for the study, a list of all positive NTM cultures
in sputum, BAS/BAL, and pleural fluid between 2006 and 2019 was
extracted from the databases of the Microbiology Laboratories at SPUH
and CH. Using the medical record number, patients with more than one
positive culture were identified, ensuring that each patient was counted
only once. For inclusion, the date of the first positive culture was
considered. For each case, collected data were demographic variables
(age at first isolation, sex, place of residence), risk factors (smoking,
chronic obstructive pulmonary disease, bronchiectasis, ...), microbiolog-
ical findings (specimen type, number of isolates), clinical manifestations
(cough, sputum production, fever, weight loss) and radiological features
(nodules, cavitations, nodular bronchiectatic pattern). The ATS/IDSA
diagnostic criteria were applied to determine whether each patient met
the definition of PD-NTM.® Additionally, treatment data were recorded,
including whether antibiotic treatment was initiated, its adherence to
guideline recommendations, and whether it was maintained for at least
12 months (defined as complete treatment). Treatment outcomes were
classified according to the NTM-NET consensus definition'?: (a) Micro-
biological cure: consecutive negative cultures for the causative species
after culture conversion, without subsequent positive cultures, main-
tained until the end of antimycobacterial treatment; (b) Clinical cure:
sustained clinical improvement through the end of treatment in absence
of culture data confirming microbiological cure; (c) Treatment failure:
persistence or recurrence of positive cultures for the causative species
after more than 12 months of antimycobacterial treatment, while treat-
ment was ongoing.'? Finally, five-year all-cause mortality following the
initial NTM isolation was recorded.

Microbiological analysis

Respiratory and other non-sterile samples were processed using
standard microbiological protocols for mycobacterial detection.!!-12
Specimens underwent a decontamination and digestion procedure with
N-acetyl-l-cysteine and sodium hydroxide, followed by centrifugation
to concentrate the sediment. The processed material was inoculated
into both liquid medium for the BACTEC® MGIT® 960 automate sys-
tem (Becton Dickinson, Sparks, MD, US) and solid Lowenstein-Jensen
medium, with incubation for up to 45 days. Species identification was
performed using Line Probe Assay (LiPA) methods, involving targeted
PCR amplification and hybridization with species specific probes immo-
bilized on nitrocellulose strips (Speed-oligo® Mycobacteria [Vircell,
Granada, Spain], GenoType Mycobacterium CM/AS [Hain Lifescience,
Nehren, Germany]). Isolates not identifiable by these assays were fur-
ther analysed by PCR amplification of the 16S-23S intergenic region,
followed by sequencing of the amplicons.

Statistical analysis

The statistical analysis of this study was based on a cohort of
305 respiratory samples, slightly exceeding the estimated sample size
of n =290 cases, providing a solid basis for representative results.
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Table 1
Absolute numbers and rates of NTM isolates and PD-NTM.
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Population of La No. of patients Isolation NTM

No. of patients PD-NTM rate” Percentage of

Rioja“® with NTM rate’ meeting disease isolates meeting
isolates criteria of PD-NTM PD-NTM criteria
2006 306,377 1 0.33 1 0.33 100%
2007 308,968 3 0.97 1 0.32 33.3%
2008 317,501 12 3.78 1 0.31 9.1%
2009 321,702 10 3.11 2 0.62 20.0%
2010 322,415 12 3.72 2 0.62 16.7%
2011 322,955 20 6.19 9 2.79 45.0%
2012 323,609 17 5.25 2 0.62 11.8%
2013 322,027 22 6.83 8 2.48 36.4%
2014 319,002 30 9.40 6 1.88 20.0%
2015 317,053 19 5.99 4 1.26 21.1%
2016 315,794 35 11.08 9 2.85 25.7%
2017 315,381 47 14.90 5 1.59 10.6%
2018 315,675 31 9.82 6 1.90 19.4%
2019 316,798 46 14.52 5 1.58 10.9%
Total 305 6.85 61 1.37 20.0%

@ Spanish National Institute of Statistics (www.ine.es).
b Per 100,000 person-years.

Continuous variables were described by mean and standard deviation
or median and IQR, according to their distribution, while categori-
cal variables were presented with frequencies and percentages, using
cross-tabulations to examine relationships. Subgroups were defined to
compare variables, using statistical tests such as Chi-square, Fisher,
Student’s t test, Mann-Whitney U test, Kruskal-Wallis test for multi-
ple groups, or Wilcoxon signed-rank test for paired data, depending on
the nature of the variables. Time trend analysis was performed using
annual frequencies and total percentages, with correlations evaluated
using Spearman’s coefficient. All analyses were carried out with the R
v4.4.2 program, considering p-values <0.05 as significant.

Results
Incidence, time trends and geographic distribution

A total of 305 patients presented at least one NMT isolate in respi-
ratory sample in La Rioja in the period 2006-2019. Of these, 280 were
attended to at SPUH and 25 at HC. Sixty-one patients (20% of the total)
met the ATS/IDSA diagnostic criteria for PD-NTM, including 53 from
SPUH and 8 from HC.

Among the 244 patients with NTM isolation who did not meet cri-
teria for PD-NTM, NTM was isolated from sputum in 185 cases (75.8%)
and from BAS/BAL in 52 cases (21.3%). In 4 patients, the same NTM
species was isolated from both sputum and BAS/BAL samples. Addi-
tionally, NTM was isolated from pleural fluid in 2 patients and from a
bronchial biopsy in 1 patient. Regarding the 61 patients who met crite-
ria for PD-NTM, NTM was isolated from BAS/BAL in 28 cases (45.9%)
and from sputum in 27 cases (44.3%). In 6 of these patients, the same
NTM species was isolated from both sputum and BAS/BAL samples.

Based on an average regional population of 318,167 during the study
period (Spanish National Institute of Statistics [www.ine.es]), the mean
annual incidence was 6.85 for NTM respiratory isolations and 1.37 for
PD-NTM cases per 100,000 person-years. Annual incidence rates for
NTM isolation and PD-NTM are summarized in Table 1 and illustrated
in Fig. 1. For context, the mean annual incidence of tuberculosis in La
Rioja during the same period was 14.5 per 100,000 person-years.'® The
annual tuberculosis incidence is also represented in Fig. 1 for compari-
son.!3

In addition to the overall analysis for La Rioja, we examined NTM
isolation and PD-NTM incidence rates at the municipal level. Due to the

low number of cases, comparisons were restricted to municipalities with
population exceeding 5000 inhabitants (Fig. 2). The western municipal-
ities show higher rates of isolations and PD-NTM than those in the east,
but the differences do not reach statistical significance (p > 0.05).

Sociodemographic characteristics and associated factors

Table 2 summarizes the main sociodemographic characteristics and
associated factors among patients with isolated NTM without PD-NTM
criteria and of patients with PD-NTM criteria. No significant differences
were observed between the two groups (p > 0.05).

Most common species and clinical significance

The most frequently isolated NTM species were Mycobacterium
xenopi, MAC and Mycobacterium gordonae (Table 3 ). Among patients
with PD-NTM, MAC and M. xenopi were the predominant species. In
male patients, both species accounted for the same disease burden,
whereas in female patients, MAC was more frequently isolated than M.
xenopi. Table 3 also shows the estimated “pathogenic potential” o “clin-
ical relevance” of each species, defined as the percentage of patients
with isolates of this species that met ATS/IDSA diagnostic criteria for
PD-NTM.

In four patients, NTM isolates from two different species were iden-
tified. In three cases, M. xenopi and M. gordonae were isolated, and in
one case, M. xenopi and Mycobacterium lentiflavum. In all four cases, M.
xenopi was considered for analysis due to its higher pathogenic potential.

In 75 patients, the isolated NTM belonged to the MAC. In 37 of
these cases, the microbiology report specified the isolated species:
Mycobacterium intracellulare (n = 24), Mycobacterium avium (n = 11),
and Mycobacterium chimaera (n = 2). In the remaining 38 cases, the
isolate was reported only as MAC, without species-level identification.

Treatments, guideline adherence and outcomes

Of the 305 patients with NTM isolates, 58 received antibiotic treat-
ment, including 20 who did not meet criteria for PD-NTM. Among the 61
patients who met ATS/IDSA criteria for PD-NTM, 38 received antibiotic
therapy.

Among the 23 PD-NTM patients who did not receive treatment, the
isolated species were MAC (n = 6), M. xenopi (n = 6), M. lentiflavum
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Fig. 1. NTM isolation rate?, PD-NTM rate? and tuberculosis rate®?,

Table 2

Demographic data and main associated factors of patients with isolated NTM without PD-NTM criteria and of patients with PD-NTM criteria.

Patients without PD-NTM criteria

(n: 244 patients)

Patients with PD-NTM criteria
(n: 61 patients)

Mean age (SD) 67.7 (16.6)
Man/woman 59.8%/40.2%
Spanish nationality 91.8%
Rural place of residence® 19.8%
Smoker” 54.1%
Bronchiectasis 30.3%
COPD¢ 25.4%
Asthma 13.1%
Inhaled corticosteroids 34.0%
Lung cancer 9.4%
Immunosuppressed? 33.2%

68.6 (12.6)
59.0%/41.0%
98.4%
24.1%
52.5%
67.2%
36.1%
8.2%
49.2%
3.3%
23.0%

@ Fewer than 5000 people.
b Current or ex-smokers.
¢ Chronic obstructive pulmonary disease.

d Patients being treated with systemic corticosteroids or other immunosuppressive drugs, with haematological neoplasia, with congenital immunodeficiency and/or

HIV positive.

14.94/3.49
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In each municipality, the first figure corresponds to the NTM isolation rate and
the second to the PD-NTM rate

Fig. 2. Average annual rate per 100.000 persons of NTM isolations and of PD-
NTM in populations with more than 5000 inhabitants in La Rioja in the period
2006-2019.

(n = 5), M. gordonae (n = 2) and other species (n = 4). The reason treat-
ment was not initiated could not be fully elucidated in all cases. In seven
instances, the isolated NTM species (M. lentiflavum and M. gordonae) are
considered to have low pathogenic potential,'*'> and expert consensus
suggests that antimicrobial therapy is rarely warranted in such cases.!®
In the remaining patients, the reasons were less explicit but appeared
to fall into two contrasting categories: in 10 patients, mild clinical
symptoms likely led clinicians to opt for follow-up without treatment,
whereas in the other 6 cases, patients presented with severe under-
lying conditions (including advanced malignancies, end-stage renal
disease, or co-infections with pathogens such as Pseudomonas spp. or
Nocardia spp.), which were prioritized in the clinical decision-making
process.

In the 38 treated PD-NTM patients, the causative species were: MAC
(n = 21), M. xenopi (n = 12), M. kansasii (n = 2), M. abscessus (n = 2),
and in 1 M. szulgai (n = 1). In for cases, the prescribed regimen did not
follow guideline recommendations, and none of these treatments were
completed. No clear justification for early discontinuation was docu-
mented in the medical records. Among the 34 patients who received
guideline-concordant therapy, 12 did not complete treatment. In 6 cases,
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Table 3
Isolated species.
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Specie Isolates NMT PD-NTM Pathogenicity
n PD-NTM/n
isolates x 100
Total Total Men Women
n n
n % n %
Mycobacterium xenopi 78 25.6 18 29.5 14 4 23.1%
Mycobacterium avium complex 75 24.6 27 44.3 14 13 36.0%
Mycobacterium gordonae 60 19.7 2 3.3 1 1 3.3%
Mycobacterium lentiflavum 28 9.2 5 8.2 1 4 17.9%
Mycobacterium chelonae 23 7.6 1 1.6 0 1 4.3%
Mycobacterium fortuitum 16 5.3 1 1.6 1 0 6.3%
Mycobacterium simiae 8 2.6 1 1.6 1 0 12.5%
Mycobacterium mucogenicum 5 1.6 0 0 0 0 0%
Mycobacterium kansasii 4 1.3 2 3.3 1 1 50.0%
Mycobacterium abscessus 4 1.3 2 3.3 2 0 50.0%
Mycobacterium sulgai 1 0.3 1 1.6 1 0 100%
Mycobacterium celatum 1 0.3 1 1.6 0 1 100%
Mycobacterium scrofulaceum 1 0.3 0 0 0 0 0%
Mycobacterium barrassiae 1 0.3 0 0 0 0 0%
Total 305 61 36 25

therapy was interrupted due to patient death prior to completion; in 2,
treatment was discontinued - either partially or entirely — due to severe
drug-related toxicity; 2 patients were lost to follow-up; and in the final 2
cases, review of the clinical documentation did not clarify the rationale
for treatment durations shorter than 12 months. Of the 22 patients who
completed therapy, 15 achieved microbiological cure, 3 clinical cure,
and 4 experienced treatment failure. All failures corresponded to MAC
(Fig. 3).

Adherence to ATS/IDSA guidelines was considered adequate in the
224 of 244 patients without PD-NTM who did not receive antibiotics,
in 34 of 61 PD-NTM patients who received guideline-based regimens,
and 7 untreated PD-NTM patients infected with species considered to
have low pathogenicity (M. lentiflavum and M. gordonae). Overall, ther-
apeutic decision was guideline-concordant in 265 of 305 patients with
NTM isolation (86.9%) and in 41 of 61 patients with PD-NTM (67.2%)
(Fig. 4).

Five-year all-cause mortality among patients with NTM respiratory
isolation was 28.9% (88/305). In the PD-NTM subgroup, 5-year mortal-
ity was 41.0% (25/61). Although mortality was higher in men (47.2%)
than in women (28.0%), the difference was not statistically signifi-
cant (p > 0.05). Interestingly, mortality between PD-NMT patients who
received treatment 36.8% (14/38) and those who were not treated
43.5% (10/23) was not very different.

Discussion

We present a population-based study that offers a comprehensive
overview of NTM epidemiology in La Rioja, which focus on respira-
tory NTM isolation and PD-NTM incidence trends over a 14-year period.
Diagnosis of PD-NTM was based on the 2007 ATS/IDSA criteria,® which
integrate microbiological, clinical and radiological findings and are con-
sidered the gold standard for evaluating disease burden.” Despite their
robustness, these criteria are underutilized in epidemiological studies
as shown by a systematic review, which found that only 31.9% of the
studies applied them.'®

The mean annual PD-NTM incidence in our cohort was 1.37 per
100,000 person-years, closely aligning with findings from a multicenter
study conducted in northern Spain, including SPUH and several Basque
Country hospitals which reported a rate of 1.2.!7 Our results are also

on line with those from Zaragoza (1.27), a neighboring non-coastal
province.'® In Europe, similar rates have been reported in Denmark
(1.1)'° and France (1.0),%° whereas higher rates were observed in Scot-
land (3.4-6.5)?! and lower rates in Portugal (0.54).? Outside Europe,
substantially higher incidences have been reported, including 3.2 in
Queensland (Australia),>®> 4.8-5.6 in Oregon (USA),?* and 6.0-19.0 in
South Korea.?®

A sustained increase, with some fluctuations, in the annual number
NTM isolates was observed during the study period (Fig. 1). This trend
does not appear to be attributable to changes in microbiological analysis
methods, as no relevant modifications were implemented in either SPUH
or CH during this time. We have data on the annual trend (2007-2019)
of mycobacterial cultures from sputum samples in both centres, which
remained stable over time, showing a slight downward trend until 2017,
followed by a marked increase thereafter. Although we lack data on the
annual trend of mycobacterial cultures from BAS/BAL or pleural fluid
samples, the clear predominance of sputum cultures suggests that the
increase in NTM isolates is unlikely to be directly related to a higher
number of respiratory sample cultures. Regarding the incidence of PD-
NTM, an increase was observed in 2006 and 2011, but after 2011 the
rate stabilized at around 1.8 cases per 100,000 person-years, with only
minor fluctuations (Fig. 1). This stable trend contrasts with the find-
ings of most of the 47 studies reviewed by Dahl et al., as 68% of them
reported an increase in incidence over time.'® Furthermore, throughout
the study period, tuberculosis incidence in La Rioja remained consis-
tently higher than that of PD-NTM. Comparative analysis of their annual
trend suggests that, unlike in other settings such as Scotland,?' PD-NTM
incidence is unlikely to surpass tuberculosis in incidence in the near
future.

In La Rioja, although the differences in NTM and PD-NTM isolation
rates among municipalities with more than 5000 inhabitants did not
reach statistical significance, we consider them noteworthy. These vari-
ations may be partially explained by the geographic distribution of the
municipalities across different watersheds (Fig. 2), given that exposure
to both natural and treated water is recognized as one of the main routes
of human NTM acquisition.2°

The most frequently isolated species in our study were M. xenopi
(25.6%), MAC (24.6%), and M. gordonae (19.7%). These findings are
consistent with aggregated European data, where M. xenopi (25.7%),
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Fig. 3. Schematic representation of treatment results.
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Fig. 4. Schematic representation of the degree of adherence in treatment to clinical guidelines.

MAC (23.4%), and M. gordonae (20.8%) rank as the most common iso-
lates.®

Adherence to ATS/IDSA treatment guidelines was assessed from two
perspectives. First, 8.2% of patients with NTM respiratory isolates who
did not fulfill PD-NTM diagnostic criteria received antibiotic therapy,
representing overtreatment. This finding aligns with data from a French
cohort, were 9.6% of colonized patients were inappropriately treated.”
Second, 32.8% of patients who met criteria for PD-NTM did not receive
guideline recommended therapy. Although suboptimal, this rate is lower
than 58% of inappropriate treatments identified by El-Zeenni et al.,’”

and the 49% of undertreated MAC-PD patients among U.S. Medicare
beneficiaries with bronchiectasis.® Furthermore, an international study
involving 1065 physicians across Japan and five European countries
reported that only a 42% and 9% of MAC-PD patients in Japan and in
Europe, respectively, received the recommended three-drug macrolide-
based regimen for more than six months.’

Among the 34 patients with PD-NTM who received antibiotic therapy
in accordance with ATS/IDSA guidelines, treatment was completed in
22. Excluding 12 cases of incomplete treatment and the 4 therapeutic
failures, successful treatment was achieved in 18 patients (52.9%). This
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included 15 patients with microbiological cure and the 3 with clinical
cure. In the aforementioned French study, the reported cure rate was
slightly lower (41.7%).”

Finally, the five-year all-cause mortality among patients with PD-
NTM in our study was 41.0%, closely matching the 40% observed in a
Danish study?” and 36.9% reported in a Canadian cohort.?® In our series
and in the two previously mentioned studies, men presented higher mor-
tality,%”-2® which may partly explain the lower five-year mortality (25%)
observed in a U.S. study were 87% of patients were female.?’

This study has several limitations. First, the retrospective design
inherently limits control over data quality and completeness. Never-
theless, selection bias is unlikely, as all NTM respiratory isolates from
the regional microbiology databases were included. Second, our dataset
does not capture isolates or clinical data from private healthcare sector.
However, given the dominance of public healthcare in La Rioja and the
limited scope of private healthcare, mainly surgical and convalescent
care, this limitation is expected to have minimal impact on the results.

Conclusions

The incidence of PD-NTM in La Rioja is comparable to that reported
in other Spanish regions and European countries. However, higher rates
were observed in the western part of the region, suggesting the need
for research to confirm these geographical disparities. Unlike trends
reported elsewhere, the incidence of PD-NTM in La Rioja remained sta-
ble over the study period. Tuberculosis continues to present a higher
disease burden in the region, and a reversal of this trend appears unlikely
in the near future. Finally, 32.8% of patients meeting criteria for PD-
NTM did not receive the antibiotic therapy recommended by clinical
guidelines, while 8.2% of patients without PD-NTM received unneces-
sary treatment. Although suboptimal adherence to ATS/IDSA guidelines
has been documented globally, these findings highlight the need for
targeted local interventions to improve clinical practice and guideline
implementation.
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