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Abstract

Background: Mycobacterium massiliense is closely related toMycobacterium abscessus and is also a frequent cause of mycobacterial lung disease
in patients with cystic fibrosis (CF). There has been no previous investigation of possible differences between M. massiliense and M. abscessus
infections in the setting of CF.
Methods: We studied a prospective cohort of 16 M. massiliense and 27 M. abscessus lung infection cases with CF, with a mean follow-up of
6 years.
Results: M. massiliense cases were younger than M. abscessus cases (mean age: 12.8 vs 17.1 years; p = 0.02) at the time of the first mycobacterial
isolation and also had lower body mass index values (mean: 16.4 vs 19.3 kg/m2, p = 0.002). All M. massiliense cases, except one, had negative
BMI Z-score values at the time of the first mycobacterial isolation (11/12 vs 16/23 M. abscessus cases, p = 0.04). Clarithromycin-based
combination therapies led to mycobacterial eradication in 100% of M. massiliense cases but only in 27% of M. abscessus cases (p = 0.009).
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Conclusion: Our data show a particular link between M. massiliense and malnutrition specifically in CF patients. Unlike M. abscessus, the
bacteriological response of M. massiliense to combination antibiotic therapies containing clarithromycin was excellent. Distinguishing between
M. massiliense and M. abscessus has major clinical implications for CF patients.
© 2014 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Mycobacterium abscessus complex (MABSC) is in fact a
complex of three closely related “species” of rapidly growing
mycobacterium (taxonomically, they are a single species [1]):
M. abscessus sensu stricto, hereafter referred to asM. abscessus,
Mycobacterium massiliense, and Mycobacterium bolletii [2].
MABSC causes a wide spectrum of diseases in humans,
including chronic lung disease, skin disease and disseminated
disease [3]. Since the early 2000s, it has increasingly been
isolated from the respiratory tract of patients with cystic fibrosis
[4–6]. MABSC may infect CF patients at all ages, including the
very young [4,7,8]. Infection is mostly indolent and generally
progresses slowly. However, a serious, life-threatening lung
disease may develop in some patients and fatal disseminated
infections have been reported following lung transplantation
[9,10].

MABSC is one of the most antibiotic-resistant RGM: very
few drugs are potentially active, and of these, only few can be
administered by the oral route [3,11,12]. However, in vivo
selection of rrl mutants resistant to clarithromycin has been
reported and inducible resistance to clarithromycin, due to the
presence of a functional copy of erm(41), affects the majority of
M. abscessus and M. bolletii isolates [13,14].

M. abscessus and M. massiliense are responsible for N90%
of cases due to MABSC, but the relative proportions of cases
caused by the species differ between geographical regions. In
the United States and Europe, M. abscessus and M. massiliense
account for 50–60% and 30–35%, respectively, of MABSC
pulmonary isolates from both CF and non-CF patients [4,15,16].

Two studies have investigated the clinical significance of
distinguishing between the MABSC “species”, and especially
between M. abscessus and M. massiliense [16,17]. No clinical
differences were found between patients with M. abscessus
lung disease and those with M. massiliense lung disease, but
few patients were included andmost were non-CF subjects. More
recently, two large-scale retrospective studies including non-CF
adults compared the clinical characteristics and treatment
outcomes between patients with M. abscessus lung disease and
those with M. massiliense lung disease [18,19]. Consistent with
the other studies, the clinical presentations of disease caused by
the two species were similar, but the rate of response to
combination antibiotic therapy including clarithromycin was
much higher for M. massiliense than for M. abscessus.

Our main objectives were to compare M. massiliense and
M. abscessus lung diseases in CF patients and to evaluate the
benefit of distinguishingM. massiliense fromM. abscessus. We
show that M. massiliense targets young CF patients with severe
malnutrition and is associated with a better bacteriological
response than M. abscessus to combination antibiotic therapies
containing clarithromycin.

2. Patients and methods

2.1. Patients included and data collection

AllM. massiliense (16) andM. abscessus (27) lung infection
cases identified in French CF patients between 2001 and 2004
were included [6]. The French multicenter prevalence study
conducted in 2004 involved 41 of 49 French CF Center and
included 1582 patients, the overall NTM prevalence was 6.6%.
Thus, risks of bias secondary to center effect were minimized.
Patients with M. bolletii infection were not included for further
study because of their small number. All cases fulfilled the
American Thoracic Society [20] bacteriological criteria for
nontuberculousmycobacteria (NTM) lung infection (i.e., positive
culture results from at least two separate expectorated sputum
samples) [21]. The mean follow-up was 6 years (extremes, 2
and 9 years). Demographic, clinical and laboratory data were
retrieved from the French CF registry, with the permission of an
Internal Review Board.

Information about occurrences of “MABSC lung disease”
(i.e., clinical and/or radiographic criteria for NTM lung infection
[21]), anti-mycobacterial treatments and treatment outcomes were
collected by chief medical officers from CF centers. MABSC
lung disease was defined by functional deterioration or new
infiltrates on thoracic imaging despite antibacterial treatment of
the sputum colonization. Constitutional symptoms were not
required. Choice of treatment was made according to the treating
physician judgment. Response to treatment was defined by the
improvement of general symptoms (fever, weight loss) if present,
improvement of pulmonary lung function tests and/or thoracic
CT scan.

2.2. Bacteriological methods

Sputum smears and mycobacterial cultures were performed
using approved techniques as previously described [8]. Identifi-
cation of “M. abscessus” and “M. massiliense” was based on
rpoB and hsp65 sequencing [22,23]; multilocus sequencing
analysis was performed in cases of discrepancy between rpoB
and hsp65 sequence data [24].

2.3. Statistical analysis

The chi-square test (or the Fisher exact test if necessary) was
used for comparisons of qualitative variables, and Student's t test
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for quantitative variables (STATA software Version 9, StataCorp
LP). Statistical significance was accepted for p b 0.05.
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Fig. 1. BMI Z-score in the M. massiliense and M. abscessus groups.
3. Results

3.1. Characteristics of cases at the first mycobacterial isolation

M.massiliense cases (n = 16) were younger thanM. abscessus
cases (n = 27) at the time of the first mycobacterial isolation
(mean [SD] age of 12.8 [5.2] vs 17.1 [5.8] years, p = 0.02)
(Table 1). They also had lower BMI values (mean [SD] value
of 16.4 [2.3] vs 19.3 [3.1] kg/m2, p = 0.002) (Table 1); 56.3%
(9/16) had BMI values ≤16 kg/m2 vs only 14.8% (4/27) for
M. abscessus cases (p = 0.007), and a similar difference was
found for the subgroup of cases aged 10 to 18 years (64.3% [9/14]
vs 21.1% [4/19], p = 0.03). The M. massiliense and the
M. abscessus groups were otherwise similar with respect to sex
ratio, CF genotype, use of pancreatic extracts and colonization
withPseudomonas aeruginosa (Table 1). The respiratory function
evaluated with FEV1was also similar between the two groups but
we can notice that the mean FEV1 of the two groups was much
lower than mean FEV1 of the CF population at the same age
(French CF registry).
3.2. Analysis of BMI Z-score data

The much lower BMI values found for the M. massiliense
group at the time of first mycobacterial isolation prompted us to
retrieve BMI Z-score data from the French CF registry. The
analysis of BMI Z-score values confirmed the previous BMI data
(Fig. 1): all M. massiliense cases, except one, had negative BMI
Z-score values at the time of the first mycobacterial isolation
whereas this was the case for only 69% of M. abscessus cases
(11/12 vs 16/23, p = 0.04).

Fig. 2 shows evolution of BMI Z-score in theM. massiliense
andM. abscessus groups. As clearly shown, the Z-score did not
decrease around the time that the mycobacteria was isolated,
and did not increase after treatment or its eradication. Thus,
malnutrition was clearly not a consequence of infection by
Table 1
Characteristics of cases at first isolation of the mycobacterium.

Characteristics M. massiliense
(n = 16)

M. abscessus
(n = 27)

p-Value

M/F (sex ratio) 7/9 (0.78) 13/14 (0.93) 1
Mean [SD] age, years 12.8 [5.2] 17.1 [5.8] 0.02
F508del/F508del a 10/16 (62.5) 12/27 (44.4) 0.35
Mean [SD] BMI, kg/m2 16.4 [2.3] 19.3 [3.1] 0.002
Mean [SD] FEV1, % predicted b 64.8 [18.1]

(n = 14)
64.5 [23.7]
(n = 26)

0.96

Use of pancreatic extracts a 15/15 (100) 26/26 (100) 1
P. aeruginosa a,c 8/16 (50) 20/27 (74.1) 0.18

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in one
second.
a No./total no. evaluated (%).
b No. evaluated.
c At least one positive sample within the previous year.
MABSC. We can also notice that M. massiliense, unlike
M. abscessus, affects CF patients with more severe malnutrition.

We studied the frequency of long-term enteral feeding and
parenteral feeding at the time of the first mycobacterial isolation.
The percentage of cases receiving long-term enteral feeding was
similarly low in the M. massiliense and M. abscessus groups
(2/12 [16.7%] vs 4/22 [18.2%], p = 0,91) and there was no case
of parenteral feeding in either group.
3.3. Number of culture-positive samples, acid-fast bacilli (AFB)
smear positivity and occurrence of NTM lung disease

Overall, 39/43 (90%) of cases had ≥3 positive sputum
samples. The 4 cases found positive only twice were in the
M. massiliense group (4/16 vs 0/27, p = 0.01) and displayed
negative AFB smears (Fig. 3). During follow-up, 18 patients
presented symptoms of MABSC lung disease: 8 patients
presented functional deterioration (fever, asthenia, emaciation),
8 presented deterioration of their respiratory function and 9
patients presented with new pulmonary infiltrates on thoracic
imaging. M. massiliense cases tended to have less frequent
reported MABSC lung disease, but the difference between the
two groups was not significant (5/16 [31.2%] vs 13/27 [48.1%],
p = 0.35).
-2,5

-2

-1,5

-1

-0,5

0
-2 -1 0 1 2 3 4 5 6 7

M. abscessus

M. massiliense

B
M

I Z
-s

co
re

+ ++ + ++ +

Fig. 2. Kinetics of mean BMI Z-score in the M. massiliense and M. abscessus
groups. 0 is the year of the first mycobacterial isolation.
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Fig. 3. Number of positive MABSC cultures and AFB smear positivity in cases
with or without MABSC lung disease. AFB smear-positive cases were all cases
with at least one positive AFB smear. Samples were obtained for a minimum
period of 18 months. Patients with a positive NTM sample had to submit three
more sputum samples at monthly interval and then every 3 months.

Table 2
Microbiological characteristics and treatment responses for patients with
M. abscessus or M. massiliense lung disease.

M. massiliense M. abscessus p-Value

Transient colonization 4/16 0/27 0.01
Chronic colonization a 8/16 13/27 0.9
Clinical lung disease 4/16 14/27 0.08
– Antimycobacterial treatment 8/16 14/27 0.9
– Spontaneous eradication 2/7 4/12 0.8
– Eradication after treatment 6/7 3/12 0.02
a Chronic colonization is defined as more than two positive sputum with

MABSC with no clinical or radiological criteria of mycobacterial lung disease.
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All cases with clinical MABSC lung disease (18/18) had ≥3
positive sputum samples and all but one (17/18 [94.4%]) had
positive AFB smears (Fig. 3). However, most cases with no
evidence of MABSC lung disease also had ≥3 positive sputum
samples (21/25, 84%) with half having positive AFB smears
(12/25, 48%). Thus, indicators based on ≥3 positive samples
and positive AFB smears showed excellent negative predictive
values (100% and 92.9%, respectively), but poor positive
predictive values for MABSC lung disease (46.1% and 58.6%,
respectively).
3.4. Response to antimycobacterial treatment

Twenty-two cases, 8 in the M. massiliense group (47.1%)
and 14 in the M. abscessus group (46.7%), received specific
treatment with anti-MABSC combination therapies during the
follow-up period. Four patients were treated for persistent
MABSC “colonization” without any evidence of lung disease
(3 in the M. massiliense group and 1 in the M. abscessus
group). Clarithromycin-based therapies were used in all cases but
two (one in each group), both of which received tigecycline and
amikacin. The antimicrobial agents associated with clarithromycin
were mostly amikacin (88.2%), imipenem (64.7%) and ethambu-
tol (47.1%), and more rarely trimethoprim-sulfamethoxazole
(1.2%), tobramycin, tigecyclin and linezolid (0.6% each).

Response to treatment was known for 19/22 cases
(M. massiliense, 7 cases; M. abscessus, 12 cases). MABSC was
successfully eradicated in 6/7 ofM. massiliense cases but only in
3/12 of M. abscessus cases (p = 0.02) (Table 2). Moreover,
among the cases treated with clarithromycin-based combination
therapies, MABSC was eradicated in 6/6 ofM. massiliense cases
but only in 3/11 of M. abscessus cases (p = 0.009). As clearly
shown in the Fig. 4, the treatment and the eradication of the
mycobacteria have no obvious impact on FEV1. There is a
progressive deterioration of the respiratory function in eradicated
and noneradicated CF patients over time in the M. massiliense
group and in the M. abscessus group. This progressive
deterioration of the respiratory function is also observed in
non-treated patients (data not shown).

3.5. Mortality

Three patients died, one in theM. massiliense group and two
in the M. abscessus group. The patient in the M. massiliense
group was a girl with a severe form of CF; she died when she was
ten years old in the context of Burkholderia cepacia syndrome
several years after her sole asymptomatic episode of transient
colonization with M. massiliense. One of the two deceased
patients from the M. abscessus group was a boy with repeated
positive sputum samples, but with no NTM lung disease. He died
at the age of 18 years following a lung transplant rejection 1 year
post-transplantation, with no clinical or radiological criteria of
mycobacterial lung disease. The other patient was a girl positive
for M. abscessus since the age of 20 years; lung transplantation
was not possible (contraindicated for repeated M. abscessus
positive cultures under antimycobacterial treatment) and she died
when she was 27 years old.

3.6. Lung transplantation

Five of the 43 patients included in the study (11.6%)
received lung transplants (M. abscessus, 3; M. massiliense, 2).
One of these patients, infected with M. abscessus, died from
transplant rejection 1 year post-transplantation, with no evidence
of mycobacterial disease (see above). The other four cases were
still alive 1 to 3 years after transplantation, with MABSC
eradication in two, both M. massiliense, cases.

Lung transplantation was not proposed to three patients
because sputum was culture-positive for M. massiliense (n = 1)
or M. abscessus (n = 2); these three cases included the deceased
patient described above.

4. Discussion

We here emphasize the importance of nutritional status in
M. massiliense lung disease in CF patients. Importance of
nutritional status in NTM lung disease has been previously
highlighted by several studies outside the CF context. Pulmonary
NTM lung disease in patients without predisposing condition
predominantly affects thin postmenopausal women. Mean BMI
values in North American studies ranged from 21.1 to 22.1 kg/m2
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Fig. 4. Evolution of FEV1 in treated eradicated patients and treated non-eradicated patients in the M. massiliense and M. abscessus groups. Graphs are represented
with individual curves. 0 is the year of first mycobacterial isolation.
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vs 28.2 kg/m2 in the USA control population (National Bureau of
Weights and Standards, Hyattsville, MD) [25]. Adiponectin, an
immunosuppressive adipokine, is inappropriately secreted in
these patients [25–27]. There are several reports of NTM lung
disease in patients suffering from anorexia nervosa [28,29], in
whom impaired cellular immune response has been demonstrated
[30].

Unexpectedly, we show that M. massiliense, unlike
M. abscessus, affects young CF patients with severe malnutri-
tion. Recent studies did not find such difference in BMI values of
patients with M. massiliense or M. abscessus lung infection,
which ranged from 18.8 to 20.8 kg/m2 in Asian studies and from
22.5 to 24.4 kg/m2 in the North American study [16,18,19,31].
However, these studies were performed in non-CF adult patients
or mostly non-CF patients, suggesting that the relationship
between M. massiliense and low BMI values is specific to the
context of CF and/or to children and teenagers.

These BMI data were confirmed by the analysis of the BMI
Z-score value, a measure better adapted for evaluating malnutri-
tion, particularly in children [32]. The reason why malnutrition is
a major susceptibility factor in CF forM. massiliense, but not for
M. abscessus, remains unknown. Possibly, this may be due to
M.massiliense being less able to establish in the upper respiratory
tract. This is supported by the observation that cases of “transient
colonization” (only two positive samples with repeated subse-
quent negative cultures) were only observed within the
M. massiliense group. Also, the study of Zelazny et al. performed
in non-CF adult patients found an underlying lung disease
prior to the diagnosis of MABSC pulmonary infection in all
M. massiliense cases but only in one third of M. abscessus
cases [16].
Malnutrition is a major problem in CF, and is associated with
poorer quality of life, more frequent infection and poor prognosis
[33]. The maintenance of a good nutritional status is therefore a
major goal in CF, and one of the reasons is that it increases the
median life expectancy [34]. Despite the general awareness of the
importance of nutrition in CF patients, the situation is
unsatisfactory: the CF Foundation Patient Registry in the United
States indicates that one third of patients are in urgent need of a
better nutrition [35]. Our findings are consistent with these data as
complementary enteral feeding was given to a very small
proportion of patients, especially in the M. massiliense group.

We confirm in the CF population thatM. massiliense infection,
in contrast with M. abscessus infection, responds remarkably well
to combination therapies containing clarithromycin (bacterial
eradication in 100% of cases in our study). Similar observations
were recently reported for non-CF patients in Korea [19] and in
Japan [18]. The good response ofM.massiliense to clarithromycin-
based combination therapies is probably due to this species
not having an inducible resistance to clarithromycin [14]: the
erm(41) gene, which confers inducible macrolide resistance is
non-functional in M. massiliense [36]. Note, however, that there
was clinical improvement in all cases ofM. abscessus infection in
our series treated with clarithromycin, including those with
bacteriological failure. This suggests that clarithromycin and/or
the associated antibiotics were at least partially effective in our
series. A similar discordance between clinical and bacteriological
results in non-CF patients has been described by Koh et al: 75%
of cases showed clinical improvements although the eradication
rate was only 25% [19]. Our data, and the recent findings of Koh
et al. [19] and Harada et al. [18] for non-CF patients, indicate that
clarithromycin is the cornerstone of treatment of M. massiliense
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infections. This is consistent with the current recommendations
of the ATS, which state that MABSC-positive CF patients should
not receive macrolide monotherapy to avoid the development of
resistance to clarithromycin [21].

Our findings suggest that the new cut-off of two positive
samples, as recommended in the ATS 2007 guidelines [21], is
not stringent enough for the detection of mycobacterial disease
in CF patients. Our study also confirms the prognostic value of
AFB smears. Positive AFB smears were found in 95% of the
cases of mycobacterial disease, less than 50% of those without
disease, and only 10% of those with spontaneous eradication of
mycobacteria. Thus, positive AFB smear results appear to be a
marker of the severity of the course of MABSC infections in
CF. However, caution is required in the interpretation of any
such results, and their practical value is unclear. Indeed, our
study involved mostly patients screened as part of systematic
monitoring over several years. This is a different context to that
of cases of suspected NTM lung infection for which the history
of NTM infection is not known.

The issue of lung transplantation in MABSC-positive CF
patients has been addressed in numerous case reports and studies
[7,37]. The isolation of MABSC pre-transplant is a risk factor
for the development of post-transplant NTM disease [7]. Despite
the risk of post-transplant complications, which may in some
cases be severe, lung transplantation appears to be feasible in CF
patients with MABSC infection. Our findings, albeit for a small
number of cases, support this view, as there were no cases of
post-transplant MABSC lung disease in our series. Previous
studies did not differentiate between M. massiliense and
M. abscessus. However, we found that M. massiliense cases
became negative after transplantation. Thus M. massiliense
infection should not be considered as a contraindication for
transplantation, and should be treated before transplantation with
the aim of total eradication.

Our study demonstrates that for prognostic and therapeutic
reasons, it is essential in routine practice to distinguish between
M. massiliense and M. abscessus in CF patients. Various
appropriate techniques are now available, mostly based on testing
one or more genes, for example rpoB, hsp65 and sodA [22,23].
However, the analysis of a single gene can lead to errors of
identification (for ~10% of strains) due to genetic transfer
between the two species. We recommend testing at least two
loci in the genome, and using multilocus sequencing to resolve
cases of discordant results [38]. In addition to species identifica-
tion, it is recommended that antibiotic sensitivity profile be tested
by broth microdilution techniques [21]. High-level resistance to
clarithromycin, due to rrl mutations, is easily detected, but
inducible clarithromycin resistance associated with the erm(41)
requires an extended incubation [13,14].

In conclusion, this study found clinically significant differ-
ences between M. abscessus and M. massiliense lung diseases
in CF patients. Our data point out the importance of a good
nutritional status in CF patients. In our experience, malnutrition
seems to be a key factor for M. massiliense lung disease in CF.
We are aware of the limits of this retrospective study conducted in
a limited number of patients. Thus, our results need to be
confirmed in further studies.
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