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Abstract

Rationale: Little is known about outcomes of infection with
nontuberculous mycobacteria (NTM) in cystic fibrosis (CF) or
about the significance of a positive NTM culture. Determining
which patients are at risk for active NTM disease is clinically
valuable.

Objectives: To examine the clinical course of subjects with CF with
an initial positiveNTMculture and identify characteristics associated
with active NTM disease.

Methods:Weperformed a retrospective study of pediatric and adult
subjects with CF with at least one positive NTM culture at the
Colorado CF Center from 2000 to 2010.

Measurements and Main Results:Mycobacterium avium
complex was the first identified NTM in the majority of subjects
(73%). The frequency of growing a second NTM species was 26% at

5 years. Clinical characteristics and distribution of NTM species
between pediatric and adult subjects were similar except for
differences in baseline FEV1 (89%vs. 71%;P,0.001) and coinfection
with Pseudomonas aeruginosa (33% vs. 55%; P = 0.04). Over 60% of
subjects had transient or persistent infection but not active NTM
disease. Subjects who developed active NTM disease were
distinguished from those with transient or persistent infection,
respectively, by FEV1 at the time of first positive NTM culture (72%
vs. 84 or 86%; P = 0.02) and FEV1 decline in the prior year (25.8%/yr
vs.20.7%/yr [P = 0.009] or20.4%/yr [P = 0.001]).

Conclusions: The majority of patients with CF with a first positive
NTM culture do not progress to active disease. Lower lung function
and accelerated lung function decline appear to be indicators of
the significance of an initial positive NTM culture.
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Nontuberculous mycobacteria (NTM) are
increasingly implicated as a clinically
important infection in cystic fibrosis (CF).
Positive cultures for NTM have been
reported in 6 to 22% of patients with CF
from various CF Centers worldwide (1–10).
In the largest prospective study within the
United States, the most common NTM
pathogen isolated was Mycobacterium
avium complex (MAC), followed by

Mycobacterium abscessus (1). However,
more recent studies have reported
M. abscessus to be more prevalent in certain
regions of the United States and in France
(2, 3, 7).

The majority of studies have focused on
defining the prevalence of NTM in the CF
population and identifying associated risk
factors but do little to guide difficult clinical
decisions (1–4, 6, 8, 11–16). The initial

recovery of NTM in respiratory cultures
represents a significant clinical challenge to
the clinician and to the patient. Virtually
nothing is known regarding the natural
history of NTM infection in CF or the
clinical significance of an initial positive
culture. In the absence of evidence-based
criteria for diagnosis and treatment in the
CF population, clinicians are often unsure
how to counsel patients and families
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regarding their potential to develop NTM
disease, the duration of treatment if needed,
the probability of successful clearance,
and the lifetime risk of reinfection.
Treatment of NTM poses a tremendous
burden on patients with CF and providers
because therapeutic regimens are often
taxing and associated with significant side
effects and expense (17, 18). Uncertainty
over the significance of a first positive NTM
culture may result in a delay in the timely
evaluation and decision to treat in some
patients, whereas in other cases it may
result in early initiation of potentially
unnecessary multidrug therapy.

The objectives of this study were to
examine the clinical course of patients with
CF from the time of a first positive NTM
culture and to identify characteristics
associated with active NTM disease
requiring treatment. We hypothesized that
the majority of patients with CF with a first
positive NTM culture do not progress to
NTM disease. We further hypothesized that,
in those who do progress, there are clinical
characteristics that can help identify need
for treatment beyond the criteria described
by the American Thoracic Society and
Infectious Diseases Society of America (17).
Preliminary results of this study were
previously reported in abstract form
(19, 20).

Materials and Methods

Study Population and Design
Patients (or guardians for minors) gave
informed consent permitting their
deidentified records to be used for research
purposes from the Colorado CF Center at
Children’s Hospital Colorado (CHCO)
and National Jewish Health (NJH). The
Colorado Multiple Institutional Review
Board (10–1558) and the National Jewish
Institutional Review Board (HS-2599CO)
approved this study. Clinical and research
databases were queried for all patients
receiving standard care at the CF Center
who had at least one positive NTM
respiratory culture from January 2000 to
December 2010. For subjects identified as
having a positive NTM culture, all available
records were reviewed to confirm the
date of the first positive culture. As part
of clinical practice at our CF center,
patients are screened for NTM annually by
expectorated or induced sputum starting
at 10 years of age. In addition, sputum

obtained during hospitalizations and all
bronchoalveolar lavage samples were tested
for NTM. Subjects were classified as
pediatric if the first positive NTM culture
was documented before 18 years of age.
Subjects were excluded if the date of their
first positive NTM culture was uncertain or
if less than 1 year of follow-up data were
available. In addition, subjects diagnosed
with CF after referral for NTM lung disease
evaluation were excluded to limit the study
to patients receiving long-term standard
CF care.

Sex, age, CF diagnostic information,
and coinfection data were recorded from
the date of the first positive culture.
Anthropometric data and FEV1 were
obtained. FEV1 were expressed as percent
of predicted normal using reference
equations (21). Information regarding
azithromycin use at the time of the first
positive NTM culture, NTM drug
susceptibility results, treatment regimens
prescribed, and results of all NTM cultures
was recorded. For comparison purposes,
similar data were captured from 2005
(study midpoint) for all pediatric and adult
patients with CF followed at the Colorado
Center without previously positive NTM
cultures. Respiratory cultures for bacterial
and fungal CF pathogens were performed at
the CHCO and NJH per CF consensus
guidelines (22). A detailed description of
NTM characterization techniques used is
provided in the online supplement.

NTM Outcome–based Groups
Subjects were assigned to three groups based
on NTM culture results and clinical
outcomes. Although the ATS criteria (17)
have not been validated, they provide the
generally accepted clinical criteria and were
used for diagnosis of NTM disease. The
“transient infection” group consisted of
those with only a single positive NTM
culture. The “persistent infection” group
included those with at least two positive
NTM cultures who did not meet ATS
criteria of NTM disease due to a lack of
clinical or radiographic progression not
attributable to their underlying CF (17).
The third group consisted of subjects with
active NTM disease, defined by at least
two positive cultures and clinical and
radiographic progression of disease not
attributable to known coinfections and
comorbidities. All subjects classified as
having active NTM disease were started
on antimycobacterial treatment. As part of

clinical practice at our CF center, all
patients are treated for their typical CF
pathogens and are assessed and treated
for comorbidities before starting NTM
treatment. If clinical symptoms, pulmonary
function decline, and/or progression of
disease on chest imaging persist, then
a patient is considered to have active
disease, and NTM treatment is initiated.

Assessment of
Microbiologic Response
NTM conversion after treatment was
defined as having at least three consecutive
negative NTM cultures over 1 year,
consistent with current guidelines (23–25).
Recurrence was defined as two consecutive
positive cultures for the same NTM species
after sputum conversion. Subjects who
continued to have positive cultures after or
during treatment were considered to have
never converted.

Statistical Analyses
Baseline data are presented as means and
standard deviations or medians and
interquartile ranges (IQRs) for continuous
variables and percentages for categorical
variables. Cross-sectional group
comparisons were made using ANOVA
or Kruskal-Wallis nonparametric tests.
Longitudinal comparisons were assessed
through mixed effects models accounting
for repeated measures on individual
subjects. Turkey tests for multiple
comparisons were used. Univariate logistic
regression models (bionomial or
polytomous) were fit to determine the
relationship between the culture-positive
groups and the independent variables.

Mean FEV1 (% predicted) was
calculated using all FEV1 measurements
for 1 year around each time point. FEV1

slope estimates were calculated using
a standard random coefficients (mixed)
model with a knot at the time of the first
positive culture, adjusting for age and
baseline FEV1. Subgroup analysis of FEV1

slope estimates were calculated using
a standard random coefficients (mixed)
model with a knot at the time of the first
positive culture separated for sex, genotype,
and NTM type. Linear contrasts were used
to test for differences between groups.
A significance level of 0.05 was set for
statistical significance. All statistical
analyses were performed using SAS
software (version 9.3; SAS Institute,
Cary, NC).
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Results

Characteristics of Pediatric and Adult
Subjects with a Positive NTM Culture
One hundred fifty subjects with CF were
identified as having at least one positive
NTM culture. Of these, 54 (36%) were
excluded due to incomplete data, lack of
follow-up, or a diagnosis of CF after
recovery of NTM from their respiratory
culture (see Figure E1 in the online
supplement). A total of 96 subjects (48
pediatric and 48 adult) were included for
further analysis.

At the time of the first positive NTM
culture, adult subjects had a lower average
FEV1 and a higher rate of coinfection with
Pseudomonas aeruginosa in comparison
to the pediatric cohort (Table E1). Adults
also had a later median age of CF diagnosis
at 0.67 years (IQR, 0.12–10.15 yr) versus
0.09 years (IQR, 0.05–0.59 yr) for pediatric
subjects (P = 0.003). The pediatric and
adult cohorts were similar in terms of sex
distribution, azithromycin use at the time

of the first positive NTM culture, and
percentage of first NTM isolated resistant
to macrolide antibiotics. Differences in CF
genotype distribution and coinfection
with other CF pathogens did not reach
statistical significance. Staphylococcus
aureus was the most common coinfection
at the time of the first positive NTM culture
in both cohorts.

MAC was the most common NTM
species isolated in pediatric and adult
subjects. Seventy-five percent (36 of 48)
of pediatric and 69% (33 of 48) of adult
subjects had only MAC isolated from
respiratory tract specimens at the time of
their first positive culture (Table E1).
M. abscessus was cultured at the time of
the first positive culture in 10 of 48 (21%)
children and in 13 of 48 (27%) adults.
A single child grew both MAC and
M. abscessus at the time of the first
positive culture. In addition, one child
grew M. kansasii, one adult grew
M. parascrofulaceum, and another adult
grew a nonidentifiable NTM.

Subjects analyzed had an average of five
positive NTM cultures (range, 1–28) and
10 negative NTM cultures (range, 0–32).
Follow-up data were available on average
for 4.25 years after the date of the first
positive culture. These data demonstrate
that, except for age-related differences
in baseline FEV1 and coinfection with
P. aeruginosa, the clinical characteristics
and distribution of NTM species between
pediatric subjects and adults were
remarkably similar. Therefore, all ages were
combined for subsequent comparisons.

Compared with the NTM-negative
cohorts from study midpoint, pediatric
subjects with NTM had a lower median
body mass index percentile, whereas adults
with NTM were younger, had a higher
baseline FEV1, and were more commonly
infected with S. aureus (Table 1). Pediatric
and adult NTM-positive subjects had
higher rates of coinfection with
Stenotrophomonas maltophilia and
Aspergillus fumigatus compared with the
NTM-negative populations (Table 1).

Table 1. Clinical characteristics of pediatric and adult subjects at the time of the first positive nontuberculous mycobacteria culture
with cystic fibrosis center comparisons for patients without positive nontuberculous mycobacteria cultures from 2005

Subject Characteristics Pediatric Subjects Adult Subjects

Positive NTM
(n = 48)

2005 Pediatric CF
Center, Negative
NTM (n = 451)

Positive
NTM vs.
Negative
NTM

Positive NTM
(n = 48)

2005 Adult CF
Center,

Negative NTM
(n = 103)

Positive
NTM vs.
Negative
NTM

Age, median yr (IQR) 12.9 (11.4–14.5) 11.2 (6.0–17.1) P = 0.16 26.4 (21.0–34.2) 32.3 (25.6–39.8) P , 0.01*
Female sex, n (%) 24 (50) 216 (48) P = 0.78 27 (56) 61 (59) P = 0.73
FEV1% predicted, mean (SD) 89% (19.6) 88% (23.8) P = 0.66 71% (22.0) 58% (23.7) P , 0.01*
Pediatric BMI percentile,
median (IQR)

29.5th (12.0–53.0) 40.9th (21.5–63.4) P = 0.02* — —

Adult BMI, median (IQR) — — 21.3 (19.1–24.1) 21.0 (19.0–23.8) P = 0.06
Azithromycin use, n (%) 15 (31) N/A N/A 18 (38) N/A N/A
Macrolide resistant NTM, n (%) 4 (8) 7 (15)
CF genotype, n (%) P = 0.24 P = 0.01*

F508del homozygous 29 (61) 221 (49) 20 (42) 50 (49)
F508del heterozygous 15 (31) 159 (35) 25 (52) 43 (42)
Other 4 (8) 45 (10) 3 (6) 6 (6)
Unknown 0 (0) 26 (6) 0 (0) 4 (4)

Coinfection, n (%)
Staphylococcus aureus (any) 35 (73) 296 (69) P = 0.30 34 (72) 47 (51) P , 0.01*
Pseudomonas aeruginosa
(any)

16 (33) 174 (41) P = 0.47 26 (55) 67 (73) P = 0.20

Stenotrophomonas maltophilia 14 (29) 49 (12) P , 0.001* 10 (21) 8 (9) P = 0.02*
Aspergillus fumigatus 18 (38) 72 (17) P , 0.001* 14 (30) 7 (8) P , 0.001*

NTM type isolated, n (%):
MAC 36 (75) N/A N/A 33 (69) N/A N/A
M. abscessus 10 (21) 13 (27)
MAC and M. abscessus 1 (2) 0 (0)
Other 1 (2) 2 (4)

Definition of abbreviations: BMI = body mass index; IQR = interquartile range; MAC = Mycobacterium avium complex; N/A = not available; NTM =
nontuberculous mycobacteria
*Statistically significant correlations.
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Characteristics of Subjects Infected
with MAC versus M. abscessus
Characteristics of subjects with MAC
compared with those with M. abscessus were
not different in terms of age, sex distribution,
baseline FEV1, anthropometric measures,
azithromycin use and resistance, CF genotype
distribution, or frequencies of coinfection
with other CF pathogens (Table 2). These
findings demonstrate that subjects with MAC
or M. abscessus were similar; therefore, both
NTM species were combined for subsequent
NTM-outcome based group analyses.

Clinical Outcome after an Initial
Positive NTM Culture
The majority of subjects with a first
positive NTM culture had transient (22 of
96 subjects, 23%) or persistent (37 of 96
subjects, 38.5%) NTM infection and did
not meet the ATS definition of active NTM
disease (59 of 96 subjects [61.5%]). The
frequency of active NTM disease was not
statistically different in subjects with
M. abscessus compared with those with
MAC (Table 2). Specifically, 45 out of 70
subjects (64.3%) with MAC and 13 out of
24 subjects (54.2%) with M. abscessus did
not receive treatment (P = 0.43).

Differences in lung function are
apparent when comparing subjects with
active NTM disease versus those with

transient or persistent infection (Figure 1).
Subjects with active NTM disease had
a lower baseline FEV1 at the time of the first
positive culture compared with those with
transient or persistent infection (P = 0.02)
(Table E2). Subjects with active disease had
an increased rate of decline in FEV1 in
the year preceding the first positive culture
(25.8% predicted/yr) compared with
those with transient (20.7% predicted/yr;
P = 0.009) or persistent infection (20.4%
predicted/yr; P = 0.001). In the 3 years after
the first positive culture, subjects with
active disease had a persistently increased
rate of decline in FEV1 (24.1% predicted/
yr) compared with those with transient
(21.6% predicted/yr; P = 0.002) or
persistent (22.1% predicted/yr; P = 0.001)
infection, as may be expected on the basis
of our set criteria of having a presence or
absence of clinical progression. There was
no significant difference in decline in FEV1

between subjects with transient or
persistent infection before (P = 0.89) or
after (P = 0.61) the first positive NTM
culture. No other clinical characteristics,
including sex, anthropometric data,
azithromycin use, azithromycin resistance,
CF genotype, or coinfection with other CF
pathogens, distinguished these three groups
(Table E2). Subjects with NTM on
azithromycin were not more likely to

develop active disease than those not on
azithromycin (relative risk, 0.98; 95%
confidence interval, 0.55–1.73); nor were
they less likely to clear their NTM with
treatment (relative risk, 1.51; 95%
confidence interval, 0.71–3.22).

Long-Term Acquisition of a Second
NTM Infection
During the follow-up period, 20 subjects
had a second NTM species isolated from
respiratory tract specimens (Figure 2).
Using Kaplan-Meier survival analyses,
24% of subjects who grew MAC initially
went on to grow a second NTM species
(primarily M. abscessus) during 5 years
of follow-up. For subjects growing
M. abscessus first, 34% grew a second NTM
species (primarily MAC) at 5 years. Overall,
26% of subjects grew a second NTM
species at 5 years, and 36% grew a second
NTM species at 10 years.

Response to Treatment
Thirty-seven subjects analyzed in this study
were started on treatment for active NTM
disease. On average, treatment started
18 months after the first positive NTM
culture. Follow-up data were available for
an average of 48 months after the initiation
of treatment. Subjects were treated with
a variety of regimens, including oral,

Table 2. Clinical characteristics of subjects at the time of the first positive nontuberculous mycobacteria culture divided by first
nontuberculous mycobacteria type isolated

Subject Characteristics MAC (n = 70)
Mycobacterium

abscessus (n = 24) P Value

Age, median years (IQR) 16.7 (13.0–24.8) 18.9 (11.6–30.4) 0.52
Female sex, n (%) 37 (53) 12 (50) 0.81
FEV1% predicted, mean (SD) 81% (22.2) 82% (23.4) 0.60
Pediatric BMI percentile, median (IQR) 30th (10–53) 27th (21–50) 1.00
Adult BMI, median (IQR) 21 (18.6–13.7) 23.5 (20.1–23.8) 0.64
Azithromycin use, n (%) 22 (31) 9 (38) 0.59
Macrolide resistant NTM, n (%) 5 (7) 2 (8) 0.85
CF genotype, n (%)
F508del homozygous 35 (50) 14 (58) 0.74
F508del heterozygous 30 (43) 9 (38)
Other 5 (7) 1 (4)

Coinfection, n (%)
Staphylococcus aureus (any) 53 (76) 15 (63) 0.21
Pseudomonas aeruginosa (any) 31 (44) 10 (42) 0.82
Stenotrophomonas maltophilia 17 (24) 7 (29) 0.64
Aspergillus fumigatus 25 (36) 7 (29) 0.56

NTM group distribution, n (%)
Transient infection 14 (20) 6 (25) 0.43
Persistent infection 31 (44) 7 (29)
Active disease 25 (36) 11 (46)

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

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

appears to stabilize and improve with
initiation of NTM treatment.

Discussion

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

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

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

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

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

Figure 1. Change in percent predicted FEV1 over time from 1 year before to 3 years after the date of
the first positive culture in the three nontuberculous mycobacteria (NTM) groups. Subjects are
divided into those with transient infection, those with persistent infection, and those with active
disease. The vertical dashed line (at time 0) represents the time of first positive NTM culture. Subjects
with active NTM disease have a lower baseline FEV1 at time of first positive culture, an increased rate
of decline in FEV1 over the 1 year preceding the first positive culture, and an accelerated rate of
decline in FEV1 after the first positive culture when compared with the other groups. There were no
differences in baseline FEV1 or decline in FEV1 for subjects with transient or persistent infection before
or after the first positive NTM culture.
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1 year before and 3 years after the initial
positive culture, we were unable to
demonstrate a difference in FEV1 decline
between subjects with transient or
persistent infection. These findings support
the conclusion that the majority of subjects
with CF will not progress to require
treatment for their NTM after a first
positive culture. A larger sample size may
have increased our power to detect
a difference between these groups. In
addition, the possibility exists that over
decades of follow-up, patients with
apparently indolent infection will
eventually demonstrate accelerated lung
decline. It is also possible that, over time,
the NTM will acquire additional virulence
factors, such as a “rough” morphotype
(33, 34), which could potentially alter the
host response and result in active disease
in an individual after years of indolent
infection (31, 35). A long-term prospective
trial is needed to conclusively determine
if the benefit of not treating patients with
apparently indolent infection outweighs

the long-term risk of developing NTM
disease.

The capacity of NTM to accelerate
progression of CF lung disease has been
uncertain, and in some reports no clinical
impact was detected (27). In longitudinal
analysis of patients identified with NTM
from the prospective US multicenter
prevalence study, only 22 cases of NTM
disease were identified, and the trend
toward worsening lung function did not
reach significance over the 15 months of
follow-up (28). In a large retrospective
review with a mean of 6 years of follow-up,
38 cases of chronic NTM infection defined
by at least three cultures demonstrated
greater decline in FEV1 than a cohort
without NTM, including a subset of 22
cases of chronic M. abscessus infection, but
not in the subset without M. abscessus (7).
Within our study, in which clinical status
was analyzed relative to the first positive
NTM culture, we demonstrated that by
clearly distinguishing patients who meet
ATS criteria for NTM disease, the

contribution of NTM to progression of CF
lung disease is apparent within 3 years after
the initial culture irrespective of the type
of NTM.

At the time of the first positive culture,
patients with CF who eventually met ATS
criteria for active NTM disease appeared
distinct from those with transient or
persistent infection. These subjects had
a lower baseline FEV1 and an increased
rate of decline in FEV1 over the year before
the date of the first positive culture.
Previously, it has been reported that
cultures positive for NTM occur more
frequently in patients with milder lung
disease (1). However, other researchers
have found greater NTM prevalence in
subjects with lower FEV1 (2) or were
unable to detect a difference (6, 8, 14, 15).
Our results demonstrate that although
adults with NTM-positive cultures had
milder lung disease compared with adults
without NTM, subjects who developed
active NTM infections had lower FEV1.
The accelerated decline in lung function in

Figure 2. Probability of detecting a second nontuberculous mycobacteria (NTM) species after culturing a first NTM by Kaplan-Meier analysis, separated
by initial positive NTM culture species. Twenty-four percent of subjects with Mycobacterium avium complex (MAC) initially grew a second NTM species
during 5 years of follow-up, whereas 34% of subjects with M. abscessus first grew a second NTM species at 5 years. Overall, 26% of subjects grew
a second NTM species at 5 years, and 36% grew a second NTM species at 10 years.
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patients with NTM disease before the time
of a first positive culture likely reflects
the presence of NTM before initial
detection. Our data indicate that an
unexpected decrease in FEV1 in patients
receiving standard CF care is a potentially
useful indicator of the significance of a first
positive NTM culture.

There is general consensus that, in CF
and non-CF populations, M. abscessus is
a more virulent bacteria than MAC (13, 17,
28, 29, 36), that it may be associated with
a greater rate of FEV1 decline (7, 30), and that
it is more difficult to treat (17, 26, 37).
However, our results demonstrate that both
MAC and M. abscessus can be cleared
spontaneously in a subset of patients with
CF or can result in an apparently indolent
infection. In patients who progressed to NTM
disease, the prevalence of M. abscessus was
not different from MAC, and both appear
to predispose patients to infection with the
other organism. Our results support the
conclusion that, at the time of a first positive
culture, both M. abscessus and MAC have
the potential to accelerate FEV1 decline
and require treatment but that successful
treatment of MAC is more common.

Treatment success of NTM pulmonary
disease at our CF center is similar to rates

reported in patients without CF (23–25, 37,
38). Forty percent of subjects with MAC
never converted their sputum cultures to
negative or achieved temporary clearance
with recurrence, and 55% of subjects with
M. abscessus never converted their sputum
cultures during the observation period.
In those who were treated, lung function
decline stabilized in the year after therapy
initiation even though the organism was
often not eradicated. Azithromycin
use has recently been shown to block
autophagy, suggesting that it has the
potential to predispose patients with
CF to mycobacterial infection (39),
although this effect has not been seen
in case-control studies (29, 40). In
addition, a recent nested case-control
study by Binder and colleagues showed
that patients with CF with incident
NTM infections were less likely to have
had chronic azithromycin treatment in
the last year (41). Azithromycin was
used in about one third of our subjects
equally across the three outcome groups
and was not associated with worse
clinical outcomes. Subjects on azithromycin
or with an initial NTM isolate resistant
to azithromycin were not more likely to
develop active disease requiring treatment;

nor were they less likely to clear their NTM
with treatment.

The limitations of this study include
its retrospective, single-center design.
However, data were collected from the
largest CF center in the United States, and
the number of subjects studied exceeded
previous multicenter trials. NJH is
a national referral center for the treatment
of NTM disease, and this clinical focus has
contributed to frequent surveillance for
NTM in our CF population. Determination
of NTM disease was made by experienced
CF Center physicians, typically in
consultation with the physicians at the
NTM Center of Excellence at NJH.
Unfortunately, during the study period,
organisms identified as MAC or
M. abscessus were not further subspeciated;
nor was colony morphotype routinely
reported as “smooth” or “rough.” There
have been recent data to suggest differing
pathogenic potential between M. avium
and M. intracellulare (42) and improved
treatment response rates with M. bolletii
(previously M. massilliense) infection
compared with M. abscessus based on
the presence of a nonfunctioning
erythromycin ribosomal methylase gene
(25), which may be a confounding factor
that could be contributing to disease
progression in our patients.

In summary, over the past decade,
the majority of patients with CF with
a first positive NTM culture did not require
treatment, and one fourth of subjects cleared
their sputum spontaneously. Among
these subjects was a group of patients
who persistently grew NTM from their
sputum but did not progress to active NTM
disease. Baseline FEV1 and rate of decline in
the year before culturing NTM may help
distinguish which patients progress to
active NTM disease requiring treatment.
These findings and the identification of
other predictive biomarkers need to be
evaluated in a natural history prospective
study of NTM infection in CF to determine
who will require treatment early in the
course of disease. n
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Figure 3. Change in FEV1 percent predicted (mean, SD) in subjects treated for active nontuberculous
mycobacteria (NTM) disease from the year before the date of the first positive culture, time of first
NTM culture, time of treatment initiation, and 1 year after treatment initiation. The mean FEV1 at the
time of treatment initiation was significantly lower than the mean FEV1 1 year before the first positive
NTM culture.
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