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A B S T R A C T

Background: Due to its increasing prevalence and suboptimal treatment, non-tuberculous myco
bacterial (NTM) infection is an emerging problem in patients with cystic fibrosis (CF). Detailed 
description of regional NTM prevalence and distribution, and identification of predictors of NTM 
acquisition in CF are essential to optimise treatment and surveillance guidelines.
Methods: A retrospective, multi-center analysis was conducted between the years 2020 and 2022 
on data from 232 adult patients registered in the Hungarian CF Registry in 2022. In a case-control 
analysis of NTM-positive (n = 39) and NTM-negative (n = 73) CF patients, demographic, clinical, 
and microbiological data were analysed to identify potential predictors for NTM acquisition. The 
distribution of NTM species, their antibiotic susceptibility patterns were also evaluated.
Results: The prevalence of NTM-positive sputum increased from 4.7 % to 12.9 % over study 
period. The most prevalent NTMs were M. avium complex (41.0 %), M. abscessus complex (MABSC) 
(38.5 %) and M. xenopi (15.4 %). MABSC strains were highly resistant to doxycycline, fluo
roquinolones, and sulfonamides, while amikacin, macrolides, tigecycline and linezolid were often 
effective. Forced expiratory volume in 1 s (FEV1) was lower in the NTM-positive group at the 
index date and 1 and 2 years before NTM detection (p < 0.01), predicting NTM infection. Pre
vious NTM-positive sputum culture enhanced the risk of NTM reacquisition in the airway (odds 
ratio: 7).
Conclusion: The results demonstrate a high prevalence of NTM in the Hungarian adult CF popu
lation and a high rate of multidrug-resistant MABSC isolates in their sputum. The risk of acquiring 
airway NTM is higher in CF patients with significantly impaired lung function and previous 
respiratory mycobacteriosis.

Abbreviations: ATS, American Thoracic Society; BMI, body mass index; CFLD, cystic fibrosis-related liver disease; CFRD, cystic fibrosis-related 
diabetes; COPD, chronic obstructive lung disease; COVID-19, coronavirus disease-2019; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane 
conductance regulator; DST, drug susceptibility testing; EUCAST, European Committee for Antimicrobial Susceptibility Testing; FEV1, forced 
expiratory volume in 1 s; ICS, inhaled corticosteroid; IDSA, Infectious Diseases Society of America; MABSC, Mycobacterium abscessus complex; 
MAC, Mycobacterium avium complex; NKIP, National Korányi Institute for Pulmonology; NTM, non-tuberculous mycobacteria; OR, odds ratio; PD, 
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SMX-TMP, sulfamethoxazole-trimethoprim.
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1. Introduction

Non-tuberculous mycobacteria (NTM) are opportunistic environmental pathogens that exist as saprophytic bacteria in soil and water, 
including natural and municipal water sources [1]. Their biofilm-forming ability confers numerous survival advantages under a 
diverse range of conditions [2]. Human NTM infections are typically not contagious and are most frequently acquired from the 
environment via inhalation, alimentation, and dermal contact [3,4]. However, there is some evidence that the transmission of NTM 
can occur among people with CF. To date, more than 190 NTM species have been identified [5].

The increasing incidence of NTM infection in developed countries is an emerging problem, largely because the ageing population 
suffers from several diseases and conditions that enhance the risk of acquiring NTM. In addition, people with a history of chronic lung 
disease, immunocompromised conditions or hospitalisation are also at a higher risk of developing NTM infection [6–9]. Individuals 
with cystic fibrosis (CF) are particularly susceptible to respiratory mycobacteriosis, due to bronchiectasis, impaired mucociliary 
clearance that are typical of the disease; as well as due to frequent antimicrobial treatment, use of systemic and inhaled corticosteroids, 
and macrolides [10]. For this reason, current CF guidelines recommend regular annual NTM screening [11–13].

A recent multi-center meta-analysis [14] reported an overall NTM prevalence of 7.9 % (95 % CI, 5.1–12.0 %) in CF. However, it 
shows high geographical and age-related variability. While previous studies on national CF patient registries reported an NTM 
prevalence of 12 % in the United States [15] and France [16], it was estimated to be 8 % in Germany [17] and lower than 5 % in 
Australia, Brazil [14] and the United Kingdom [18]. In Europe, Mycobacterium abscessus complex (MABSC) and Mycobacterium avium 
complex (MAC) are the most frequent NTM species detected in CF patients, with a slight predominance of MABSC [10,17,19,20].

The management of non-tuberculous mycobacterial pulmonary disease (NTM-PD) is challenging and suboptimal. In certain cases, 
treatment must be initiated empirically before the results of drug susceptibility testing (DST) results are available, and even DST-based 
targeted antibiotic regimens fail to provide the expected benefit, especially in lung disease. Furthermore, existing NTM treatment 
guidelines may not always take into account regional specificities of NTM species occurrence and antimicrobial resistance, increasing 
the likelihood of treatment failure [10,21,22]. Therefore, studies to assess regional NTM prevalence, NTM species distribution and 
antimicrobial resistance patterns, especially in vulnerable patient groups such as CF patients, are essential to tailor recommendations 
for better treatment outcomes.

Data on NTM prevalence and characteristics in patients with CF in Central Europe are scarce in the literature, therefore there is 
ambiguity concerning the reasons for frequent treatment failure. The main aims of our study were to characterise the prevalence and 
distribution of NTM species in the Hungarian adult CF cohort, and to reveal the typical antimicrobial resistance patterns in MABSC.

Another focus of our study was to identify epidemiological and clinical characteristics of CF patients that may be associated with 
NTM acquisition, in order to help clinicians identify individuals who should be given special attention during NTM screening. For this 
purpose, we carried out a case-control study.

2. Material and methods

2.1. Subjects

The study was a retrospective, multicentre cohort study with embedded case-control analysis of NTM acquisition risk factors and 
FEV1 trends. The study population comprised 232 non-transplanted adult Hungarian CF patients registered in the Hungarian National 
Cystic Fibrosis Registry in 2022. Data were analysed between January 1, 2020 and December 31, 2022. The diagnosis of CF was 
established according to the Cystic Fibrosis Foundation Consensus criteria (2017) [11]. Data obtained from the entire cohort were used 
for assessment of NTM prevalence patterns and retrospective evaluation of FEV1 changes. NTM-positive patients (cases) were iden
tified by at least one positive NTM sputum culture within the study period. CF patients with only one NTM-positive sputum were 
classified as transiently, those with at least two NTM isolates without clinical and radiological findings as persistently colonized, and 
those fulfilling microbiological, radiological, and clinical criteria for NTM-PD as patients with NTM-PD. Diagnosis of NTM-PD was 
based on the American Thoracic Society (ATS) (2006) and the Infectious Diseases Society of America (IDSA) (2007) criteria [12].

For identifying characteristics of CF patients that might be associated with NTM-positivity, a case control study was designed 
including a subgroup (n = 112) of the CF studied cohort. All involved NTM-positive (NTM+) CF patients constituted the case group (n 
= 39), and the control group (n = 73) was selected from NTM-negative (NTM-) CF patients based on age and gender as matching 
criteria. Those, receiving cystic fibrosis transmembrane conductance regulator (CFTR) modulators (which have an impact on clinical 
parameters) were excluded from this analysis (n = 2).

2.2. Microbiological identification of NTM species

In Hungary, patients without suspected NTM infection are routinely screened once a year. Identification of NTM species was 
performed in the Microbiology Laboratory of NKIP guided by protocols of the Clinical and Laboratory Standard Institute. All sputum 
samples were collected via spontaneous expectoration.

The Ziehl-Neelsen staining method was used to detect acid-fast bacilli in the sputum smear. In the presence of Ziehl-Neelsen- 
positive bacilli, a direct nucleic acid amplification test (GeneXpert/Cepheid) was performed to exclude or confirm the presence of 
Mycobacterium tuberculosis complex. Additionally, laboratory confirmation of NTM was based on culture in both solid (Löwenstein- 
Jensen) and liquid (MGIT) media. NTM-negative results were inferred after incubation of inoculated media for 8 weeks. A positive 
NTM result required 7 days or 6 weeks, depending on the medium (liquid or solid) or the NTM species (rapidly or slowly growing). The 
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biomass generated from the culture enabled genotypic and phenotypic identification (Genotype Mycobacterium CM and AS/Hain 
Lifescience GmbH, Nehren, Germany) and drug susceptibility test based on polymerase chain reaction and reverse hybridization 
(GenoType NTM-DR/Hain Lifescience GmbH, Nehren, Germany). Microbroth dilution method was used for phenotypic antimicrobial 
susceptibility testing of rapidly growing mycobacteria (RGM). Macrolide resistance was also evaluated using both genotypic (rrl and 
erm (41) genes) and phenotypic methods. Minimum inhibitory concentrations were read after 3, 7 and 14 days incubated. The 
epidemiological cut-off values were determined by the recommendations of European Committee for Antimicrobial Susceptibility 
Testing (EUCAST), using Sensititre RAPMYCOI plates (Thermo Fisher Scientific Inc., US) [23].

2.3. Data collection

Data were obtained from the records of the Hungarian National Cystic Fibrosis Registry and the hospital information system of the 
National Korányi Institute for Pulmonology (NKIP), Budapest, Hungary. Demographic, microbiological, and clinical data, including 
patient gender, age, body mass index, forced expiratory volume in 1 s (FEV1), CF-related diseases, concomitant medications, and 
sputum culture results were collected. The date of data collection for NTM-positive patients was the time of first NTM identification 
(index date). To analyse changes in lung function, FEV1 values measured one and two years before the index date were also recorded.

2.4. Statistical analysis

Values of continuous variables were presented as mean ± standard deviation (SD) and were compared between independent 
groups using independent samples t-test. For comparing data expressed as proportions, Fisher’s exact test was applied. To compare 
time series data between 2 groups, two-way repeated measurement ANOVA and Dunnett’s post hoc tests for multiple comparisons were 
used. Predictors of NTM acquisition were identified by logistic regression. Multivariate logistic regression included parameters for 
which p < 0.2 was obtained in univariate analysis. Statistical analyses were performed using GraphPad Prism 7.0 (San Diego, CA, USA) 
and Stata 15.1 (College Station, TX, USA) and p ≤ 0.05 was considered as statistically significant throughout.

3. Results

3.1. Prevalence and distribution of NTM species

Of the 232 CF patients followed up between 2020 and 2022, 39 (16.8 %; 22 females and 17 males, mean age: 26.7 ± 7.5 years) had 
at least one positive NTM sputum culture (Table 1). Interestingly, 30 of these were identified in 2022. Therefore, we also defined the 

Table 1 
Comparison of CF patients who acquired NTM (NTM + ) and their controls (NTM-). Controls are age- and sex-matched CF 
patients. Demographics, BMI, FEV1, CF-related diseases, co-infective microbes are recorded at the time of the first NTM 
isolation. Data of continuous variables are expressed as mean ± SD. **: p < 0.01 vs. NTM-independent samples t-test;##: p <
0.01 vs NTM- Fisher exact test. Abbreviations: BMI, body mass index; FEV1, Forced expiratory volume in 1 s; CFRD, cystic 
fibrosis related diabetes; CFLD, cystic fibrosis related liver disease; ICS, inhaled corticosteroid; PPI, proton pump inhibitor.

NTM- NTM +

Number of patients – n 73 39
Age – yrs 25.8 ± 6.9 26.7 ± 7.5
Males/Females – n (ratio) 33/40 (0.45/0.55) 17/22 (0.44/0.56)
BMI – kg/m2 20.5 ± 2.5 19.8 ± 3.0
FEV1 – % 64.9 ± 26.5 48.0 ± 20.3**
CFRD – n (ratio) 18 (0.25) 11 (0.28)
CFLD – n (ratio) 38 (0.52) 16 (0.41)
Medication in patient history

ICS – n (ratio) 3 (0.04) 4 (0.10)
Macrolides – n (ratio) 6 (0.08) 7 (0.18)
PPI – n (ratio) 17 (0.23) 8 (0.21)

Previous NTM positivity in sputum 
– n (ratio)

3 (0.04) 9 (0.23)##

Number of co-infective pathogens – n 1.51 ± 0.80 1.64 ± 0.83
P. aureginosa co-infection – n (ratio) 37 (0.51) 25 (0.64)
S. aureus co-infection – n (ratio) 47 (0.64) 20 (0.51)
A. xylosoxidans co-infection–n(ratio) 8 (0.11) 7 (0.18)
Aspergillus co-infection – n (ratio) 8 (0.11) 8 (0.21)

NTM pulmonary disease – n (ratio) N.A. 26 (0.67)
Persistent NTM infection N.A. 2 (0.05)
Transient NTM infection N.A. 11 (0,28)
Genotype

F580del homozygous – n (ratio) 32 (0.44) 17 (0.44)
F580del heterozygous – n (ratio) 30 (0.41) 16 (0.41)
Other mutations – n (ratio) 11 (0.15) 6 (0.15)
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annual prevalence of NTM-positivity, which showed an increasing trend over the study period (5.7 % (11/192) in 2020, 10.2 % (20/ 
197) in 2021 and 12.9 % (30/232) in 2022) (Table 2).

The following Mycobacterium species and subspecies were identified: MAC (M. intracellulare and M. avium), MABSC (M. abscessus 
spp. abscessus, spp. massiliense and spp. bolletii), M. xenopi, M. chelonae, M. gordonae, and M. kansasii. Most patients with positive NTM 
sputum culture had MAC (16/39) and MABSC (15/39) (Table 3). Among them, four patients were positive for multiple NTM species 
(one of MAC and four of MABSC). In the MAC-positive case, the co-existing pathogen was M. xenopi. Of the MABSC-positive subjects, 
two had M. chelonae, another had M. xenopi and an unidentifiable NTM strain, and the third had M. gordonae, M. chelonae and 
M. xenopi. Unidentifiable NTM isolates were found in three individuals. The third most frequently detectable NTM species was 
M. xenopi (6/39), while M. chelonae, M. gordonae, and M. kansasii were found sporadically (4/39, 2/39 and 1/39, respectively). Out of 
the 16 MAC-positive patients, 9 had M. avium and 5 had M. intracellulare species, while two subjects were co-infected with both MAC 
species (Table 3).

Of the 39 NTM-positive patients, 26 (66.67 %) were defined as patients with NTM-PD, 11 (28.2 %) as transiently and 2 (5.1 %) as 
persistently mycobacterial colonized (Table 1). All 15 MABSC-positive cases were classified as NTM-PD (100 %), while only 11 (68.75 
%) of the 16 MAC cases were diagnosed as NTM-PD (p = 0.04). All patients (n = 8) with other than MABSC and MAC had transient 
mycobacterial colonization (Table 3).

3.2. Antibiotic susceptibility pattern of MABSC strains

A total of 20 different MABSC isolates were identified from the sputum of 15 patients with pulmonary disease. Of these, 13 were 
infected with M. abscessus spp. abscessus, one with spp. massiliense and one with spp. bolletii. The patient with spp. bolletii had 4, two 
patients with spp. abscessus had 2 strains of different antibiotic susceptibility patterns from different sputum samples during the study 
period. The remaining 12 patients presented with a single NTM strain. All isolates were resistant to doxycycline and ciprofloxacin. 
Resistance rates to moxifloxacin, sulfamethoxazole/trimethoprim (SMX-TMP) and imipenem were high (90.0, 85.0 and 85.0 %, 
respectively). Only 50.0 % and 40.0 % of MABSC strains were susceptible and intermediate to cefoxitin and tobramycin, respectively. 
The majority of MABSC isolates showed favourable susceptibility to tygecyclin, amikacin, linezolid, and macrolide (100, 95, 100 and 
60 %, respectively) (Fig. 1).

3.3. Co-existing microbes other than mycobacteria among patients with NTM

The co-existing microbes were identified on either the index date or within a three-month window preceding or succeeding that 
date. Only two of the thirty-nine NTM-positive patients were free of any co-existing respiratory pathogens at the time of the index. Most 
patients had Pseudomonas aeruginosa (25/39) and Staphylococcus aureus (20/39) in their sputum. The species Achromobacter xylo
soxidans (7/39) and Aspergillus fumigatus (8/39) were less common. Burkholderia cepacia, Stenotrophomonas maltophilia, Nocardia and 
Proteus mirabilis were found sporadically in the subjects (Table 4).

3.4. Patient characteristics associated with NTM-positivity

For identification of demographic and clinical factors that may predict NTM acquisition in CF patients, a wide spectrum of clinical 
and laboratory data from 39 NTM-positive and 73 NTM-negative CF patients was assessed (Table 1).

All patients were Caucasian and had a mean age of 26.7 ± 7.5 in the NTM-positive group and 25.8 ± 6.9 in the NTM-negative group 
at index dates. When comparing cases with controls, there were no significant differences in demographics, co-existing microbes, CF- 
related diseases, use of proton-pump inhibitors (PPIs), macrolides, and inhaled corticosteroids (ICS). Patients with NTM had a 
significantly lower FEV1 at the index date compared with their matched controls (48.0 ± 20.3 % vs. 64.9 ± 26.5, p = 0.00). Previous 
sputum NTM positivity was more frequent in cases than in controls (23 % vs. 4 %, p = 0.00). 6 of the 12 cases had the same NTM 
species at the index date as previously detected. The remaining 6 cases had different NTM species at the index date than previously. 
The CFTR mutation pattern was similar in the two groups, with a predominance of F508del homozygous and heterozygous genotypes.

3.5. Decreased lung function is associated with NTM-positivity

As FEV1 proved to be lower in NTM + patients in the case-control study, we further analysed their association. We collected the 
FEV1 values of CF patients measured at index date, and measured 1 and 2 years before. These data were available in 36 NTM+ and 57 
NTM-patients. Fig. 2 shows the differences observed between NTM-positive and NTM-negative patients in terms of the change in FEV1 

Table 2 
Annual prevalence rate of non-transplanted adult CF patients between 2022 and 2022. The total number of CF patients was obtained from the 
Hungarian National Cystic Fibrosis Registry. Abbreviations: NTM, non-tuberculous mycobacteria.

Years Total number of CF patients Number of NTM-positive patients Annual prevalence rate of NTM-positive patients (%)

2020 192 11 5.7
2021 197 20 10.2
2022 232 30 12.9
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Table 3 
Distribution of mycobacteria in sputum of patients (n¼39) with NTM colonization and NTM-PD. Data come from spontaneously expectorated 
sputum specimens (n = 898) collected between 1 January 2020 and 31 December 2022 (annual distribution of specimen numbers: n = 105 in 2020, n 
= 294 in 2021 and n = 499 in 2022). Some patients are positive for multiple NTM species. Abbreviations: MAC: Mycobacterium avium complex, 
MABSC: Mycobacterium abscessus complex, NTM, non-tuberculous mycobacteria, PD, pulmonary disease.

NTM species (Number of NTM-positive patients) Number of patients with NTM colonization (n = 13) Number of patients with NTM-PD (n = 26)

MAC (16) 5 11
M. avium (9) 2 7
M. intracellulare (5) 2 3
M. avium + M.intracellulare (2) 1 1

MABSC (15) 0 15
MABS spp. abscessus (13) 0 13
MABS spp. massiliense (1) 0 1
MABS spp. bolletii (1) 0 1

M. xenopi (6) – –
single strain (3) 3 0

M. chelonae (4) – –
single strain (1) 1 0

M. gordonae (2) – –
single strain (1) 1 0

M. kansasii (1) – –
single strain (1) 1 0

Unidentified mycobacteria (3) – –
single strain (2) 2 0

Fig. 1. Antimicrobial susceptibility of MABS isolates (n = 20). MABSC, Mycobacterium abscessus complex; SMX-TMP, sulfamethoxazole- 
trimethoprim.

Table 4 
Distribution of co-existing microbes in sputum of patients (n¼39) with NTM. Data are recorded at the time of the first 
NTM isolation.

Respiratory microbiology Number and percentage of patients with NTM

n %

Pseudomonas aeruginosa 25 64
Staphylococcus aureus 20 51
Achromobacter xylosoxidans 7 17
Aspergillus fumigatus 8 21
Burkholderia cepacia complex 1 3
Proteus mirabilis 1 3
Stenotrophomonas maltophilia 1 3
Nocardia 1 3

Z. Örlős et al.                                                                                                                                                                                                           Heliyon 11 (2025) e41324 

5 



over the two-year interval. The mean FEV1 values of NTM-positive cases were significantly lower than those of controls at years 0, -1 
and -2 relative to the index date (47.97, 50.92 and 55.31 % vs. 61.53, 62.58, and 68.81 %, p ≤ 0.05. Comparing the two groups, no 
significant difference was found in ΔFEV1 over the studied 2 years (ΔFEV1: 7.33 ± 11.91 % in the NTM+, and − 7.28 ± 10.81 % in the 
NTM-group; p = 0.98). Moreover, a higher FEV1 at index date, and 1 year and 2 years before index date was associated with decreased 
susceptibility to NTM acquisition in univariate regression models (Table 5). Multivariate logistic regression models including previous 
sputum NTM positivity and macrolide treatment beside FEV1 values also confirmed this and showed that previous sputum NTM 
positivity is also associated with the risk of NTM acquisition (Table 5).

4. Discussion

The increasing prevalence of NTM infection has become an emerging problem in patients with risk factors, such as CF [5]. Cli
nicians managing NTM infection in CF patients face prolonged antimicrobial treatment, emerging antibiotic resistance, drug toxicity 
and frequent relapses. Furthermore, advanced NTM-PD may require the initiation of empirical antibiotic therapy. However, the high 
regional variability in NTM species distribution and antibiotic susceptibility often renders empirical and even targeted therapies 
unsuccessful. Therefore, studies providing data on the regional NTM prevalence and characteristics in CF patients are essential to help 
adapt guidelines to local circumstances. In addition, most published data on NTM infection characteristics in CF patients come from 
studies that partly or exclusively include children [14,16,17]. However, owing to novel successful therapies the life expectancy of CF 
patients has increased in the last 2 decades, which requires an assessment of the NTM infection rate and characteristics in the adult CF 
population. Our study aimed to fill this gap and provides detailed data on NTM prevalence, species distribution and antibiotic 
resistance in a large Hungarian adult CF cohort. In addition, we identified FEV1 as a factor that can be considered as a predictor of 
subsequent NTM acquisition in CF patients.

The annual prevalence of NTM-positive sputum cultures increased from 4.7 % to 12.9 % over the study period. Recent European 
studies [16,17,20] have reported NTM prevalence rates between 8 and 12 %, although Adjemian et al. found significant geographical 
variation in NTM prevalence (0–28 %) [15]. In addition, increased exposure to mycobacteria (e.g., household water, shower aerosols), 
more sensitive diagnostic methods and increased clinician awareness may also influence the incidence of respiratory NTM colonization 
[13]. We assume that the increased NTM prevalence in 2022 could –at least partly-be explained by the COVID-19 pandemic. Many 
patients did not attend our CF clinic regularly in the years 2020 and 2021 due to fear of coronavirus infection. The reduction in the 
number of sputum cultures obtained during this period (Table 1) may have resulted in some NTM-positive cases being undiagnosed. In 
2022, as the COVID-19 pandemic seemed to be subsiding, CF patients returned to their normal routines of attending the CF clinic 
regularly. We assume that the NTM cases detected in 2022 include some of the undiagnosed cases of the previous two years. The fact 
that our study group consisted only of adult patients is another explanation for the moderately elevated NTM prevalence. It is well 
established that the risk of acquiring NTM increases significantly with age [24] and prevalence data for CF patients are usually ob
tained from study groups that include children [14,16,17].

Based on our results, the two predominant NTM species in sputum were MAC and MABSC, in agreement with other studies [14,15,
20]. We confirmed the slight dominance of MAC over MABSC, a distribution that is typical in North America [15] but not in the most 
European countries [17,20,25]. However, in Portugal [26,27] and France [15] a similar MAC dominance was found as in our results. 
Interestingly, the third most common NTM species detected was M. xenopi. According to German, French, and Portuguese observations 
[17,25,27], the most common mycobacteria other than MAC and MABSC are M. gordonae and M. chelonae. The relatively high 
prevalence of M. xenopi is unusual. It is assumed that the local climatic and geographical conditions (e.g., extremely hot summers, 
many fresh water sources) have an impact on the Hungarian flora and fauna, which may favour the reproduction and spread of certain 
NTM species.

All patients with MABSC had pulmonary disease, while 69 % of those with MAC received this diagnosis. Mycobacteria other than 

Fig. 2. Changes of FEV1 in the 2 years preceeding NTM acquisition. FEV1 values showed declines typical of CF patients in both the NTM- (n = 57) 
and NTM+ (n = 36) groups in the 2 years preceeding NTM acquisition. However, NTM + patients had significantly lower values throughout. 
Statistics: 2-way repeated measurement analysis of variance; *: p ≤ 0.05.
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Table 5 
Association of potential predictors with NTM acquisition. Results of logistic regression analysis to describe potential predictors of NTM infection in CF patients (n = 93). Multivariate model 1, 2 and 3 
included FEV1 at the time of NTM detection, and FEV1 1 year and 2 years before NTM acquisition, respectively; as well as covariates that showed association with NTM positivity in univariate model with a 
p value < 0.15. Abbreviations: FEV1, Forced expiratory volume in 1 s; PPI, proton pump inhibitor.

Univariate analysis Multivariate analysis - Model 1a Multivariate analysis - Model 2b Multivariate analysis – 
Model 3c

OR 95 % C. I. p OR 95 % C. I. p OR 95 % C. I. p OR 95 % C. I. p

Body mass index 0.90 0.78; 1.05 0.19 – – – – – – – – –
FEV1 - % at the time of NTM detection 0.97 0.95; 0.99 0.002 0.97 0.96; 0.99 0.004 – – – – – –
FEV1 - % - 1 year before NTM acquisition 0.98 0.96; 0.99 0.03 – – – 0.98 0.96; 0.99 0.049 – – –
FEV1 - % - 2 years before NTM acquisition 0.98 0.96; 0.99 0.01 – – – – – – 0.97 0.96; 0.99 0.027

Macrolide treatment in patient history (n = 11)
2.44 0.76; 7.86 0.13 2.46 0.63; 9.64 0.271 3.05 0.73; 12.7 0.13 2.74 0.52; 6.97 0.16

PPI treatment (n = 23)
0.85 0.33; 2.19 0.74 – – – – – – – – –

Previous NTM positivity in sputum (n = 11) 7.00 1.77; 27.68 0.01 5.46 1.25; 23.77 0.024 4.62 1.06; 20.11 0.42 3.78 0.87; 16.41 0.075

Co-existing P. aureginosa (n = 56)
1.56 0.66; 3.72 0.31 – – – – – – – – –

Co-existing S. aureus (n = 55) 0.65 0.28; 1.52 0.32 – – – – – – – – –
Co-existing A. xylosoxidans (n = 12) 1.70 0.50; 5.74 0.39 – – – – – – – – –
Co-existing Aspergillus (n = 13) 1.43 0.44; 4.65 0.55 – – – – – – – – –

a Hosmer-Lemeshow test: chi2 = 4.48, p value = 0.11; area under ROC curve: 0.71.
b Hosmer-Lemeshow chi2 

= 0.87, p value = 0.65, area under ROC curve: 0.66.
c Hosmer-Lemeshow chi2 = 2.17, p value = 0.34, area under ROC curve: 0.69.
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MAC and MABSC were detected transiently, and never led to pathological conditions. Other studies [17,28] have also shown that RGM 
species are more likely to induce lung disease than slow growing species. Virulence factors of MABSC (i.e., Mycobacterial membrane 
large proteins, surface glycopeptidolipids) play a key role in the development of severe tissue damage [29,30].

Besides NTM, Pseudomonas aeruginosa and Staphylococcus aureus were regularly identified in sputum samples (Table 1), consistent 
with previous research [16,17,31]. The role of microbes co-existing in the airways is not yet clear. According to an autoregressive 
integrated moving averages model, the airway microbiome functions as a bacterial community network with dynamics and in
teractions that can influence the level of inflammation and thus the outcome of infections [32]. Therefore, the choice of therapy should 
also consider other respiratory bacteria present. Remarkably, Achromobacter xylosoxidans has risen to prominence as a respiratory 
pathogen in CF patients, a matter of significant concern given that colonization by Achromobacter species has been linked to decreased 
lung function, frequent acute exacerbations, and damage to lung tissue [33,34].

We found that CF patients with previous NTM-positive sputum cultures had a higher risk of NTM reacquisition. An analysis by 
Martiniano et al. also showed a high rate of secondary positive cultures for NTM [35]. When other factors such as genotypes, CF-related 
diseases, medications, or demographics were analysed, no significant differences were found between NTM-positive and NTM-free 
patients. We did not find association between NTM-positivity and the presence of other respiratory microbes in the sputum, either 
(Table 5).

In NTM cases, we observed a significant decrease in FEV1 at the index date compared with controls as previously reported by others 
[35,36]. More importantly, this significant difference was also observable one and two years preceding the index date, and lower FEV1 
measured at index date and 1 and 2 years before showed association with NTM acquisition. Our results suggest that persistent decline 
in lung function may represent a predictor for acquisition of NTM, however this finding needs to be confirmed in larger studies. To our 
knowledge, this is the first study to report a two-year trend in lung function prior to NTM detection in sputum. Based on this 
observation, more frequent sputum screening for NTM should be considered in patients with FEV1≤50 %. The rate of FEV1 decline over 
2 years was similar in the NTM-positive and control groups and ΔFEV1 was not predictive of NTM acquisition, demonstrating that the 
rate of lung function decline has a negligible effect on susceptibility to NTM. Furthermore, in contrast to previous reports we did not 
observe an increased FEV1 decline associated with NTM acquisition. This may be the favourable consequence of regular sputum 
surveillance for NTM and prompt initiation of treatment.

The treatment of MABSC is still not optimal and only a few randomized controlled trials have been performed [13,37]. Several 
societies including ATS, IDSA, European Respiratory Society, European Cystic Fibrosis Society have developed consensus-based 
treatment recommendations [5,37]. According to these guidelines, lung disease caused by MABSC should be treated in the inten
sive phase with a macrolide-containing antimicrobial regimen (if the strain is macrolide-sensitive) that includes at least three active 
parenteral drugs (amikacin, imipenem, cefoxitin, tigecycline, linezolid). Nevertheless, it has been demonstrated that there are 
geographical differences in the antibiotic resistance patterns of Mycobacterium species. Consequently, knowledge of local data on 
antimicrobial resistance is essential for the development of effective treatment guidelines. Most MABSC strains detected in the 
Hungarian CF population have a high rate of resistance to doxycycline, ciprofloxacin, moxifloxacin and SMX-TMP, which may make it 
difficult to find an effective antimicrobial combination. In contrast, macrolides, amikacin, tigecycline and linezolid have retained 
antibacterial activity against the majority of MABSC isolates. A national CF guideline is being harmonised and we advocate imple
menting these observations.

This study has certain limitations: 1) even though we have access to data of all adult CF patients in Hungary, the data could only be 
collected from a limited number of NTM cases due to the limiting factor of the size of the Hungarian population. 2)the impact of SARS- 
CoV-2 infections on lung function decline or disease course was not evaluated, as sputum collection, clinical and laboratory tests were 
limited during the study period due to the COVID-19 pandemic. 3) the availability of CFTR modulator therapy in Hungary during the 
second half of 2022 introduced a bias in clinical parameters that prevented the long-term impact of NTM persistence on lung function 
from being evaluated. 4) the potential effects of variations in treatment regimens on the clinical course and risk of NTM acquisition 
were not investigated, although they may act as confounders. Nevertheless, this study represents one of the most comprehensive 
analyses of NTM prevalence among Hungarian CF patients to date.

5. Conclusion

Our study sheds light on the high prevalence of multidrug-resistant MABSC isolates among adult CF patients in Hungary. 
Furthermore, persistently decreased FEV1 and previous sputum NTM positivity were identified as potential independent risk factors for 
the development of NTM airway colonization in the CF population. Therefore, patients with these risk factors should be monitored 
more frequently for sputum NTM. However, studies in larger CF populations and in non-CF patients at risk of NTM infection are still 
needed to corroborate our findings and to draw further conclusions.
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Z. Örlős et al.                                                                                                                                                                                                           Heliyon 11 (2025) e41324 

9 

https://doi.org/10.4046/trd.2018.0026
https://doi.org/10.4046/trd.2018.0026
https://doi.org/10.1155/2015/809014
https://doi.org/10.1155/2015/809014
https://doi.org/10.1111/j.1365-2672.2009.04161.x
https://doi.org/10.1111/j.1365-2672.2009.04161.x
https://doi.org/10.1378/chest.129.6.1653
https://doi.org/10.1378/chest.129.6.1653
https://doi.org/10.1183/13993003.00535-2020
https://doi.org/10.1183/13993003.00535-2020
https://doi.org/10.1055/s-0033-1333573
https://doi.org/10.1055/s-0033-1333573
https://doi.org/10.1016/j.ccm.2014.10.001
https://doi.org/10.1016/j.ccm.2014.10.001
https://doi.org/10.1183/13993003.00033-2016
https://doi.org/10.3390/antibiotics9070424
https://doi.org/10.1007/s40506-016-0092-6
https://doi.org/10.1007/s40506-016-0092-6
https://doi.org/10.1016/j.jpeds.2016.09.064
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.3390/microorganisms11010047
https://doi.org/10.1183/23120541.00336-2022
https://doi.org/10.1164/rccm.201405-0884OC
https://doi.org/10.1016/j.jcf.2017.01.017
https://doi.org/10.1016/j.ijid.2023.01.032
https://doi.org/10.3201/eid/1907.120615


[19] E. Catherinot, A.L. Roux, M.A. Vibet, G. Bellis, S. Ravilly, L. Lemonnier, E. Le Roux, C. Bernede-Bauduin, M. Le Bourgeois, J.L. Herrmann, et al., Mycobacterium 
avium and Mycobacterium abscessus complex target distinct cystic fibrosis patient subpopulations, J. Cyst. Fibros. 12 (2013) 74–80, https://doi.org/10.1016/j. 
jcf.2012.06.009.

[20] T. Qvist, M. Gilljam, B. Jonsson, D. Taylor-Robinson, S. Jensen-Fangel, M. Wang, A. Svahn, K. Kotz, L. Hansson, A. Hollsing, et al., Epidemiology of 
nontuberculous mycobacteria among patients with cystic fibrosis in Scandinavia, J. Cyst. Fibros. 14 (2015) 46–52, https://doi.org/10.1016/j.jcf.2014.08.002.

[21] G.J. Ballarino, K.N. Olivier, R.J. Claypool, S.M. Holland, D.R. Prevots, Pulmonary nontuberculous mycobacterial infections: antibiotic treatment and associated 
costs, Respir. Med. 103 (2009) 1448–1455, https://doi.org/10.1016/j.rmed.2009.04.026.

[22] J.M. Leung, K.N. Olivier, Nontuberculous mycobacteria: the changing epidemiology and treatment challenges in cystic fibrosis, Curr. Opin. Pulm. Med. 19 
(2013) 662–669, https://doi.org/10.1097/MCP.0b013e328365ab33.

[23] G. Froberg, F.P. Maurer, E. Chryssanthou, L. Fernstrom, H. Benmansour, S. Boarbi, A.T. Mengshoel, P.M. Keller, M. Viveiros, D. Machado, et al., Towards clinical 
breakpoints for non-tuberculous mycobacteria - determination of epidemiological cut off values for the Mycobacterium avium complex and Mycobacterium 
abscessus using broth microdilution, Clin. Microbiol. Infect. 29 (2023) 758–764, https://doi.org/10.1016/j.cmi.2023.02.007.

[24] C. Pierre-Audigier, A. Ferroni, I. Sermet-Gaudelus, M. Le Bourgeois, C. Offredo, H. Vu-Thien, B. Fauroux, P. Mariani, A. Munck, E. Bingen, et al., Age-related 
prevalence and distribution of nontuberculous mycobacterial species among patients with cystic fibrosis, J. Clin. Microbiol. 43 (2005) 3467–3470, https://doi. 
org/10.1128/JCM.43.7.3467-3470.2005.

[25] A.L. Roux, E. Catherinot, F. Ripoll, N. Soismier, E. Macheras, S. Ravilly, G. Bellis, M.A. Vibet, E. Le Roux, L. Lemonnier, et al., Multicenter study of prevalence of 
nontuberculous mycobacteria in patients with cystic fibrosis in France, J. Clin. Microbiol. 47 (2009) 4124–4128, https://doi.org/10.1128/JCM.01257-09.

[26] V. Durao, A. Silva, R. Macedo, P. Durao, A. Santos-Silva, R. Duarte, Portuguese in vitro antibiotic susceptibilities favor current nontuberculous mycobacteria 
treatment guidelines, Pulmonology 25 (2019) 162–167, https://doi.org/10.1016/j.pulmoe.2018.09.001.

[27] A. Santos, S. Carneiro, A. Silva, J.P. Gomes, R. Macedo, Nontuberculous mycobacteria in Portugal: trends from the last decade, Pulmonology (2022), https://doi. 
org/10.1016/j.pulmoe.2022.01.011.

[28] O. Bar-On, H. Mussaffi, M. Mei-Zahav, D. Prais, G. Steuer, P. Stafler, S. Hananya, H. Blau, Increasing nontuberculous mycobacteria infection in cystic fibrosis, 
J. Cyst. Fibros. 14 (2015) 53–62, https://doi.org/10.1016/j.jcf.2014.05.008.

[29] K.C. Ferrell, M.D. Johansen, J.A. Triccas, C. Counoupas, Virulence mechanisms of Mycobacterium abscessus: current knowledge and implications for vaccine 
design, Front. Microbiol. 13 (2022) 842017, https://doi.org/10.3389/fmicb.2022.842017.

[30] J.S. Schorey, L. Sweet, The mycobacterial glycopeptidolipids: structure, function, and their role in pathogenesis, Glycobiology 18 (2008) 832–841, https://doi. 
org/10.1093/glycob/cwn076.

[31] M.S. Eikani, M. Nugent, A. Poursina, P. Simpson, H. Levy, Clinical course and significance of nontuberculous mycobacteria and its subtypes in cystic fibrosis, 
BMC Infect. Dis. 18 (2018) 311, https://doi.org/10.1186/s12879-018-3200-z.

[32] L.J. Caverly, M. Zimbric, M. Azar, K. Opron, J.J. LiPuma, Cystic fibrosis airway microbiota associated with outcomes of nontuberculous mycobacterial infection, 
ERJ Open Res 7 (2021), https://doi.org/10.1183/23120541.00578-2020.

[33] M.C. Firmida, E.A. Marques, R.S. Leao, R.H. Pereira, E.R. Rodrigues, R.M. Albano, T.W. Folescu, V. Bernardo, P. Daltro, D. Capone, et al., Achromobacter 
xylosoxidans infection in cystic fibrosis siblings with different outcomes: case reports, Respir Med Case Rep 20 (2017) 98–103, https://doi.org/10.1016/j. 
rmcr.2017.01.005.

[34] T. Qvist, D. Taylor-Robinson, E. Waldmann, H.V. Olesen, C.R. Hansen, I.H. Mathiesen, N. Hoiby, T.L. Katzenstein, R.L. Smyth, P.J. Diggle, et al., Comparing the 
harmful effects of nontuberculous mycobacteria and Gram negative bacteria on lung function in patients with cystic fibrosis, J. Cyst. Fibros. 15 (2016) 380–385, 
https://doi.org/10.1016/j.jcf.2015.09.007.

[35] S.L. Martiniano, M.K. Sontag, C.L. Daley, J.A. Nick, S.D. Sagel, Clinical significance of a first positive nontuberculous mycobacteria culture in cystic fibrosis, Ann 
Am Thorac Soc 11 (2014) 36–44, https://doi.org/10.1513/AnnalsATS.201309-310OC.

[36] I. Levy, G. Grisaru-Soen, L. Lerner-Geva, E. Kerem, H. Blau, L. Bentur, M. Aviram, J. Rivlin, E. Picard, A. Lavy, et al., Multicenter cross-sectional study of 
nontuberculous mycobacterial infections among cystic fibrosis patients, Israel, Emerg. Infect. Dis. 14 (2008) 378–384, https://doi.org/10.3201/ 
eid1403.061405.

[37] A. DaCosta, C.L. Jordan, O. Giddings, F.C. Lin, P. Gilligan, C.R. Esther Jr., Outcomes associated with antibiotic regimens for treatment of Mycobacterium 
abscessus in cystic fibrosis patients, J. Cyst. Fibros. 16 (2017) 483–487, https://doi.org/10.1016/j.jcf.2017.04.013.
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