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a b s t r a c t 

Background: Nontuberculous mycobacteria (NTM) are opportunistic, difficult to treat pathogens. With 

increasing prevalence of NTM infections in people with cystic fibrosis (pwCF) and the improved life ex- 

pectancy, the burden is expected to grow. 

Methods: We assessed the epidemiology and management of NTM isolation and disease in pwCF in the 

Netherlands using a survey and retrospective, case-controlled data from the Dutch CF Registry. We deter- 

mined the isolation prevalence, treatment and outcomes from 2013-2019. 

Results: NTM isolation prevalence increased from 1.0% to 3.6% (2013-2019). This was a single NTM iso- 

lation in 53.7% of the adults and 60.0% of the children. M. abscessus and M. avium complex (MAC) were 

most frequent (47.1 and 30.9%). Of the treated pwCF, 48.5% attained culture conversion of M. abscessus ; 

54.5% for MAC. Children with an NTM isolation showed more infections with S. maltophilia and/or A. fu- 

migatus ( p < 0.001) compared to controls. In the year prior to NTM isolation, children in the NTM group 

had a lower mean FEV1% predicted (81.5 ± 16.7 vs. 88.6 ± 15.3, p = 0.024), while adults in the NTM 

group had more IV antibiotic days compared to controls (60 vs. 17, p = 0.047). In the following years, 

FEV1% predicted declined faster in pwCF with NTM than the control group (children: -3.8% vs. -1.6%, 

p = 0.023; adults: -0.7% and 0.4%, ns). 

Conclusions: The isolation prevalence of 3.6%, poor treatment outcomes and associated lung function 

decline emphasize that NTM pulmonary disease (NTM-PD) is a significant health issue among pwCF in 

the Netherlands. Its prevention and treatment require increased attention. 

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Background 

Nontuberculous mycobacterial pulmonary disease (NTM-PD) is 

 notorious opportunistic infection of people with cystic fibrosis 

pwCF). The Mycobacterium avium complex (MAC) and M. abscessus 

acteria are the most frequent causative agents, but the species 

istribution differs between geographical areas and age groups. 

he prevalence of these infections also differs between geograph- 

cal areas, with an isolation prevalence of 3.7% in France [18] to 

3.9% in the United States [6] . 

Treatment of NTM-PD in pwCF is difficult and its outcomes, 

articularly for M. abscessus -PD, are poor, even with the use of 

uideline-compliant antibiotic regimens [10] . With increasing life 
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xpectancy, increasing isolation prevalence and cure rates as low 

s 40-50% for M. abscessus [ 5 , 7 , 10 ], the total burden of NTM-PD in

he CF community could rapidly increase. 

Recent studies have focused on the possibility of human car- 

iage and (indirect) human transmission of M. abscessus and in- 

reased virulence and drug resistance acquired during human pas- 

age [ 3 , 4 , 15 ]. The prospect of more virulent, more drug-resistant

nd more transmissible M. abscessus -or NTM in the broader sense- 

trains is very alarming. 

To evaluate the current burden of NTM isolation and disease 

n pwCF, we have set up a nationwide survey in all CF centers 

n the Netherlands. We used the survey to query diagnostic prac- 

ices, isolation prevalence as well as antibiotic treatment and out- 

omes from 2013-2019. We combined the results with retrospec- 

ive, case-controlled data from the Dutch CF Registry to determine 

ifferences [8] . 
Fibrosis Society. This is an open access article under the CC BY license 
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. Methods 

From the Dutch CF Registry, with a coverage of 95%, data were 

xtracted from all people with CF with new NTM isolations from 

013-2019. 

.1. Survey 

With a survey among all CF centers in the Netherlands, the 

umber of NTM isolations between 2013-2019 were evaluated. 

he NTM species isolated were queried, along with the type of 

reatment and outcome, the type of residence (urban/rural) and 

rovince. 

In the Dutch CF Registry, NTM isolation was annually registered 

s positive when at least one positive sputum sample was de- 

ected. It cannot be concluded from the Registry whether the diag- 

ostic criteria for NTM-PD were met or whether screening guide- 

ines were fully adhered to [10] . 

.2. Analyses 

From the Dutch CF registry, we selected all pwCF with a first 

. abscessus or MAC isolation and a matched control group with 

o record of NTM isolation, with two controls per NTM case. We 
ig. 1. NTM prevalence, incidence and detection. Prevalence (A), incidence (B), years of c

n people with CF in the Netherlands from 2013-2019. CF: cystic fibrosis; NTM: nontuberc

2 
atched for gender, age (maximal one year difference) and muta- 

ion or, if needed, type/class of mutation. Registry data were used 

rom both groups the year before the first NTM isolation (T-1), the 

ear of first NTM isolation (T0) and two years after (T1 and T2). 

he NTM group was the same for all years of analysis, regardless 

f eradication of NTM after T0. 

Characteristics studied were best annual FEV1% predicted and 

VC% predicted for people age six years and older [13] , (sds)BMI, 

se of inhaled antibiotics for at least three months, azithromycin, 

ral and inhaled corticosteroids, IV antibiotic treatment, CF-related 

iabetes, allergic bronchopulmonary Aspergillosis (ABPA), chronic 

nfection with Pseudomonas aeruginosa, chronic infection with 

taphylococcus aureus , infection with Stenotrophomonas maltophilia 

nd infection with Aspergillus fumigatus . Normality of the data was 

ested using the Shapiro-Wilk test, which showed that data on 

EV1% predicted, FVC% predicted and sdsBMI were normally dis- 

ributed. Statistical analyses were done with independent sam- 

le t-tests, chi-squared tests, mixed-effects analyses and Mann- 

hitney U tests when applicable. 

.3. Software 

Graphs were generated using GraphPad Prism 9. Statistical anal- 

ses were done using IBM SPSS Statistics 25. 
ontinuous detection (C) and relative isolation percentage per CF center (D) of NTM 

ulous mycobacteria. 
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Table 1 

Outcomes of NTM treatment. NTM: nontuberculous mycobacteria. 

Total, N (%) Culture conversion, N (%) No or unknown culture conversion, N (%) 

Sum MAB MAC Other Sum MAB MAC Other 

Treated 48 (35.3) 26 (54.2) 16 6 4 22 (45.8) 17 5 0 

1 year 13 (50.0) 6 4 3 0 (0.0) 0 0 0 

> 1 year 13 (50.0) 10 2 1 22 (100.0) 17 5 0 

Not treated 86 (63.2) 50 (58.1) 15 11 24 36 (41.9) 15 19 2 

1 year found 38 (76.0) 9 9 20 0 (0.0) 0 0 0 

> 1 year 12 (24.0) 6 3 3 36 (100.0) 15 9 2 

Unknown 2 (1.5) 1 (50.0) 1 1 (50.0) 1 

Sum 136 77 31 17 29 59 33 24 2 

The reasons for not starting treatment for NTM were: stable symptoms, stable situation, not officially classified as 

NTM-PD, necessity to treat other infections first, or single positive culture only. 
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. Results 

.1. Characteristics 

All seven CF centers participated in the study, covering 95% of 

ll people with CF in the Netherlands (1,353-1,516 from 2013 to 

019). In this period, 136 NTM isolations were detected in 102 peo- 

le with CF. 

Annually, the prevalence of NTM increased from 1% in 2013 to 

.6% in 2019 ( Fig. 1 A). The increase was mostly due to an increased

ncidence of NTM in the pediatric population ( Fig. 1 B). Between 

015 and 2017 the increase is the biggest. 
ig. 2. Pulmonary function of and co-infections in children. FEV1% predicted (A, mean ±S

umigatus (D) in children with CF, with an NTM isolation of M. abscessus or M. avium c

 p < 0.05) between both groups within a year. CF: cystic fibrosis; NTM: nontuberculous m

3 
More than half of all NTM isolations were a single episode of 

TM isolation (i.e. single years in which NTM isolation was re- 

orted) with negative follow-up cultures in both pediatric (60.0%) 

nd adult (53.7%) populations ( Fig. 1 C). Isolation of NTM for four 

ears or more was more frequent in the adult population. Some 

dults had NTM in their sputum samples during the complete 

tudy period of 2013-2019. 

The highest mean annual NTM isolation prevalence amounted 

o 17.5%, with the lowest at 0.0% ( Fig. 1 D). 

M. abscessus and MAC made up 47.1% and 30.9% of all NTM iso- 

ations . Both were slightly less prevalent in the pediatric popula- 

ion than in adults (45.5 vs. 48.1% for M. abscessus and 29.1 vs. 
D) and FVC% predicted (B, mean ±SD) and infection with S. maltophilia (C) and A. 

omplex (NTM group) or without (control group). ∗ means a significant difference 

ycobacteria. 
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Fig. 3. Other outcomes of NTM isolation in children with CF. Prescription of medication (%, A-D), days on IV antibiotic treatment (median and 25 th -75 th percentile, E) and 

prevalence of ABPA (%, F) in children with CF, with an NTM isolation of M. abscessus or M. avium complex (NTM group) or without (control group). ∗ means a significant 

difference between both groups within a year. CF: cystic fibrosis; NTM: nontuberculous mycobacteria. 
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0.9% for MAC). In total 17.6% of the isolations were of other NTM 

pecies. In 58.3% of those isolations, the NTM species were speci- 

ed (Supplementary table S1). For 4.4% of the isolations the species 

f NTM could not be determined or data was missing. 

We found no differences in the NTM species distribution in 

wCF living in urban vs. rural areas, nor between the different 

rovinces within the Netherlands (data not shown). 
4 
.2. Management after an NTM isolation 

In total 40 people were treated for NTM, with in total 48 treat- 

ents (due to multiple NTM species from 2013-2019). Eradication 

as the goal for 62.5% of the treatments, suppression for 12.5%, 

rst eradication and then suppression for 12.5%. For the remaining 

2.5% data on the treatment goal was missing. 39.3% of all treat- 
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Fig. 4. Outcomes of NTM isolation in adults with CF. FEV1% predicted (A, mean ±SD), percentages with prescribed inhaled corticosteroids (B) or CF-related diabetes (C) in 

adults with CF, and days on IV treatment for adults with at least 1 IV day (D, median and 25 th -75 th percentile), with an NTM isolation of M. abscessus or M. avium complex 

(NTM group) or without (control group). ∗ means a significant difference between both groups within a year. CF: cystic fibrosis; NTM: nontuberculous mycobacteria. 
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ents was done with antibiotic regimens that were in accordance 

ith current guidelines. 

Treatment was started in the minority of people with NTM 

35.3% of all NTM isolations). In the following years, NTM were not 

etected upon treatment in 54.2% of isolations ( Table 1 ), but were 

till present in sputum samples in the remaining 45.8%. This rate 

f culture conversion did not differ between treatments according 

o the guidelines and other treatments (data not shown). The re- 

aining people with NTM was not (yet) treated for NTM, 63.2% of 

solations, still 58.1% of those isolations was not detected in the 

ollowing year. 

People with M. abscessus isolations were more often treated 

51.6% of isolations) than people with MAC (26.8% of isolations) or 

ther NTM species (16.0% of isolations, Table 1 ). Culture conversion 

as achieved for 48.4% of M. abscessus isolations and for 41.5% of 

AC isolations. Of the other NTM species isolated, culture conver- 

ion was achieved for 93.5%. 

The majority of culture conversions of M. abscessus upon treat- 

ent showed a durability longer than one year (62.5%), while for 

AC and other NTM species the percentages were lower (33.3% 

nd 25.0%, respectively, Table 1 ). 58.1% of pwCF who showed NTM 

ulture conversion without antimycobacterial treatment has a sin- 

le positive culture only. 
5 
.3. Characteristics prior to NTM isolation 

In children, occurrences of a bacterial infection with S. mal- 

ophilia or fungal infection with A. fumigatus were higher in the 

TM group ( p < 0.001, supplementary table S2). In addition, a 

ower FEV1% predicted was measured in the year before first 

TM isolation, compared to the control group (81.5 ± 16.7 vs. 

8.6 ± 15.3, p = 0.024, supplementary table S2). 

The adult NTM group was longer on IV antibiotic treatment in 

he year prior to and the first year of NTM isolation, compared to 

he control group (60 vs. 17 days, p = 0.047 and 52.5 vs. 21 days,

 = 0.037, supplementary tables S3 and S7). 

.4. Pulmonary function & other outcomes of treatment 

.4.1. Children 

In the year after the first NTM isolation, the FEV1% predicted 

nd the FVC% predicted decreased in children with more than 10% 

absolute %, p = 0.002 and 0.018, respectively; Fig. 2 A and B; sup- 

lementary table S4). After two years (T2), the FEV1% predicted 

as significantly lower compared to children without an NTM iso- 

ation ( p = 0.01; see Supplementary Table S5). 
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The FEV1% predicted declined faster in the NTM group dur- 

ng the study period compared to the controls (-3.8% vs. -1.6%, 

 = 0.023). 

The percentages of children with a co-infection with S. mal- 

ophilia or A. fumigatus were 2-2.5 times higher in the NTM group 

ompared to the control group in the year of first NTM isolation 

nd the years after ( p < 0.001, Fig. 2 C and D, supplementary tables

4-6). An infection with both S. maltophilia and A. fumigatus oc- 

urred in 20% of children with an NTM isolation compared to 2.5% 

f the controls. 

Use of medication increased significantly in the children in the 

ears after first NTM isolation, compared to controls ( Fig.3 ). This 

as observed for the prescription of azithromycin (T1: p = 0.004, 

2: p = 0.011, Fig. 3 A, supplementary tables S5-6) and the use of

nhaled antibiotics (T2: p < 0.001, Fig. 3 B, supplementary table S6). 

he prescription of oral corticosteroids was temporarily increased 

n the year after first NTM isolation (T1: p = 0.025, Fig. 3 C, sup-

lementary table S5). 

In the year of first NTM isolation (T0), the percentage of chil- 

ren receiving IV antibiotic treatment was significantly higher in 

he NTM group ( p < 0.001, Fig. 3 D, supplementary table S4). The

umber of IV treatment days increased in both years after first 

TM isolation with no significant difference ( Fig. 3 E, supplemen- 

ary tables S5-6). 

Two years after first NTM isolation, the percentage of children 

ith an ABPA was higher in the NTM group compared to the con- 

rols ( p = 0.007, Fig. 3 F, supplementary table S6). 

.4.2. Adults 

In the adult NTM group, no significant difference in lung func- 

ion was observed compared to the control group ( Fig. 4 A). How- 

ver, FEV1% predicted declined in the NTM group (-0.7% average 

er year), but not in the control group (0.4% increase average per 

ear). 

No increase in medication prescription was observed in the 

dult NTM group. In fact, two years after the first NTM isolation, 

nhaled corticosteroids were significantly more prescribed in the 

ontrol group ( p = 0.013, Fig.4 B, supplementary table S9). 

No differences were observed in frequency of infections with 

icroorganisms or ABPA in adults with an NTM. CF-related di- 

betes, with the need for daily insulin, was less frequent in 

dults with an NTM isolation in the complete study period (T-1: 

 = 0.044, T1: p = 0.037, T2: p = 0.013, 

Fig. 4 C, supplementary tables S6, S8-9). 

. Conclusions 

We recorded an NTM isolation prevalence of 3.6% among pwCF 

n the Netherlands in 2019; this is in line with the 3.7% observed in

rance [18] . The distribution of NTM species, with a predominance 

f M. abscessus (47.1%), is similar to data from neighboring coun- 

ries including the UK (56.7%) [17] ; it differs from a previous re- 

ort from the CF Foundation Patient Registry from the USA where 

AC was overall more frequent [6] . 

S. maltophilia and A. fumigatus were more frequent among chil- 

ren with CF prior to NTM isolation and/or disease ( p < 0.001), 

n line with previous observations in a smaller Dutch pwCF cohort 

19] . A recent meta-analysis showed an increased risk of NTM pos- 

tivity with older age, use of oral corticosteroids and chronic col- 

nization with Staphylococcus aureus, Stenotrophomonas maltophilia 

nd Aspergillus fumigatus [14] . 

In the years after NTM isolation, the frequencies of S. mal- 

ophilia and A. fumigatus were still significantly higher compared 

o the control group ( p < 0.001). These findings suggest a causal 

elationship or a shared cause. The frequent co-occurrence of as- 

ergillosis and NTM-PD has also been observed in non-CF patients 
6 
n the Netherlands [11] and may be linked to either antibiotic use 

r severe destruction of the airways creating a permissive niche or 

o immunodeficiences [ 2 , 11 ]. 

Pulmonary function declined faster in children with NTM (-3.8% 

EV1% predicted, versus -1.6% in the control group, p = 0.023). The 

ecline is mainly observed in pwCF with isolates of M. abscessus , 

f which less single isolates are found compared to the other NTM 

pecies. Pulmonary function did decline in adults with NTM but 

ot in the control group (-0.7% vs. 0.4%, respectively). These find- 

ngs echo the landmark study by Esther et al., who documented ac- 

elerated lung function decline (-2.5% predicted FEV(1)/years, com- 

ared to -1.6% in controls) in pwCF with M. abscessus [9] . 

It was surprising to find that more than 50% of the NTM iso- 

ates found in pwCF were single isolations, including M. absces- 

us – this phenomenon and its frequency have only been de- 

cribed by Martiniano et al., who reported similar similar per- 

entages [12] . Typing studies are necessary to understand whether 

hese are true singletons with a likely environmental source or 

hether these are part of possible transmission chains. Similarly, 

he importance of host immunological factors in the development 

f NTM disease after proven exposure / a first positive culture is an 

mportant subject for study. Both bacterial [ 3 , 4 , 15 ] and host fac-

ors [2] may determine whether exposure leads to infection and 

isease. 

The increase in NTM isolation prevalence is predominantly 

aused by an increased incidence in the pediatric CF population in 

he Netherlands. We also observed substantial variation between 

ndividual CF centers regarding mean annual NTM prevalence (0.0% 

o 17.5%). Geographical differences do not seem to play a role. Pre- 

ention and screening are key, given the poor outcome of NTM 

solation and NTM-PD. Segregation is a relevant factor in infection 

revention. Whole genome sequencing and other methods have to 

e performed to learn how to implement prevention and segrega- 

ion [4] . 

At group level, macrolide maintenance therapy appeared not to 

rotect nor to trigger NTM. This suggests that azithromycin main- 

enance therapy did not prevent NTM isolation in our retrospec- 

ive study. Many adults were already on azithromycin which might 

uggest a protecting effect but could also imply false-negative cul- 

ures for NTM. CFTR-modulators might be more promising, and 

lso host-directed immunomodulatory therapies might be more 

mportant [2] . The effect of CFTR-modulators on NTM, especially 

. abscessus , needs to be evaluated in the future. 

For the 32 pwCF treated for M. abscessus disease, with eradi- 

ation as the goal of treatment, 15 (46.9%) achieved culture con- 

ersion. This outcome is similar to the control group as well as 

revious reports from others [ 3 , 7 , 16 ]. 

In the pediatric NTM group, we observed a significantly higher 

ate of prescribed oral corticosteroids in the first year after NTM 

solation, compared to the control group ( p = 0.025). In adults, less 

nhaled corticosteroids were prescribed in the NTM group, com- 

ared to controls. This might be due to the known risk of develop- 

ng NTM-PD with such treatments [1] . 

A limitation of this study is the retrospective design. Prospec- 

ive studies are needed to confirm our findings. In our analyses, we 

rouped the pwCF with M. abscessus and MAC isolates into a single 

roup; as a result, we may have missed phenomena that are rele- 

ant to M. abscessus but not to MAC or vice versa. Finally, the in- 

rease in NTM isolation frequency might be caused by an increase 

n the culture frequency and/or the quality of the cultures. 

In summary, with an isolation prevalence of 3.6% in 2019, vary- 

ng treatment practices, poor treatment outcomes and significant 

ong-term effects on pulmonary function of children with CF, NTM 

nd NTM-PD are an important health burden among pwCF in the 

etherlands. The predominance of M. abscessus is worrying, but in 

ine with observations in nearby countries. Prevention, screening 
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