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ABSTRACT

Goal of this study was to analyse the clinical course of cystic fibrosis (CF) patients with nontuberculous mycobacteria
(NTM) in their respiratory secretions and to investigate the molecular epidemiology of the most prevalent NTM species
by multi-locus sequence analysis (MLSA). The respiratory specimen and the clinical parameters forced expiratory
volume in one second (FEV1), body-mass-index (BMI), erythrocyte sedimentation rate (ESR) 1 h and immunoglobulin
G (IgG) of 357 CF patients, 0 - 52.4 years, mean FEV1 2009 81.5% pred were analysed between 1998 and 2010. In 13
patients NTM were detected. 12 of 13 patients carried M. abscessus, for one patient the NTM species was not charac-
terized. 4 patients carried a second NTM species (M. avium, M. chelonae (2x), M. intracellulare). 6 patients exhibited a
significant decline in FEV 1, however changes in BMI, IgG and ESR were discordant. Molecular genotyping of M. ab-
scessus isolates revealed a unique MLSA pattern in 6 patients. 2 patients harboured identical strains, and one patient a
closely related strain. Whether the presence of identical strains is attributed to the acquisition of NTM clones from
common environmental sources or to patient-to-patient transmission cannot be definitely clarified. Although cross-in-
fection of the three patients with identical/closely related strains in the present cohort is highly unlikely, we recommend
strict hygiene measures for all CF patients harbouring NTM.

K eywords: Mycobacteria; Nontuberculous; Mycobacterium abscessus; Cystic Fibrosis; Molecular Epidemiology;
Multilocus Sequence Analysis (MLSA); Interferon Gamma

1. Introduction

Nontuberculous mycobacteria (NTM) are acid-fast bacilli
(AFB) which are ubiquitous in environment, found in
soils, water, animals, milk, and food products. Over 140
different species have been described. NTM cause 4 dif-
ferent disease entities: pulmonary disease in people with
or without underlying lung disease, especially cystic fi-
brosis (CF) patients [1,2], lymphadenitis especially in
children possibly on the basis of specific immune defi-
ciencies [3-5], disseminated mycobacterial disease in im-
mune-compromised patients, especially HIV patients, and
localized skin and soft tissue infections. Transmission is

"Shared last authorship.
#Corresponding authors.

Copyright © 2013 SciRes.

believed to occur via inhalation or direct inoculation. In
contrast to Mycobacterium (M.) tuberculosis human-to-
human transmission appears unlikely for NTM, however,
this view was challenged recently [6].

The improved survival of CF patients in the past dec-
ades has led to an increasing relevance of resistant and
virulent pathogens including NTM. Several studies have
reported prevalence rates of NTM in CF patients between
2% and 28% [1,7-10]. The results regarding the effect of
the NTM infection on the clinical course are controver-
sial [11,12].

In this study, the detection rate of NTM was deter-
mined in a cohort of CF patients for which strict preven-
tive anti-cross infection policies were in place [13] and
the individual clinical course of NTM positive patients
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was analysed in detail. Multi-locus sequence analysis
(MLSA) was applied to investigate the molecular epide-
miology of the NTM clones in the cohort.

2. Materialsand M ethods

All respiratory samples of on average 357 CF patients
who attended the CF Centre at the Children’s University
Hospital in Munich (159 male, 210 patients <18 years,
mean age 2009 18.03 years, range 0 - 52.4 years, mean
FEV1 81.5% pred) were studied between January 1%
1998 and January 1%, 2010 for the presence of AFB. Pa-
tient visits took place on average every 3 months, if in-
dicated more often. At each visit sputum samples or
throat swabs were taken, the patients were investigated
clinically, routine laboratory examinations including in-
flammatory parameters and lung-function test were per-
formed. Informed consent was obtained from all partici-
pants and the study was approved by the institutional
review board of the University of Munich. The clinical
course of NTM positive patients was analysed retrospec-
tively based on the parameters forced expiratory volume
in one second (FEV1, % pred), body mass index (BMI,
kg/m?) and the inflammatory markers immunoglobulin G
(IgG, g/l) and erythrocyte sedimentation rate (ESR 1h,
mm). Decline in FEV1 was defined as a decline of >1%
pred/year (based on an average yearly drop of FEV1
values of 1% pred/year in large CF registries) [14]. De-
cline in BMI was defined based on a change in the BMI
percentile, increase in IgG as an increase by >3 g/l and
increase in ESR as an increase by >5 mm/h throughout
the observation period.

2.1. Specimen Preparation

Processing of throat swabs and sputum samples was per-
formed on sheep blood agar and on selective agars. The
selective agars included McConkey-agar, mannitol salt
agar, BD Cepacia Medium, Haemophilus selective agar
(chocolate agar containing bacitracin) and Sabouraud
dextrose agar. For the detection of NTM sputum samples
of patients who were suspected to colonize NTM (e.g.
due to prior NTM detection or due to unexplained clini-
cal deterioration) were routinely decontaminated by the
N-acetyl-L-cysteine + NaOH procedure. In addition,
some M. abscessus isolates of patients without clinical
suspicion of NTM were accidentally recovered from B.
cepacia-selective agar due to its effective suppression of
CF typic microflora and prolonged incubation. Plates
were incubated for up to 72 hours, except the Cepacia
Medium and the Sabouraud agar, which were incubated
up to 5 days. The sheep blood agar was incubated in 5 to
7% CO,, the Haemophilus-selective agar under anaerobic
conditions and the other plates under ambient air condi-
tions. The throat swabs were streaked on the surfaces of
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the culture plates for semi-quantitative assessment. The
sputum specimens were also processed semi-quantita-
tively after homogenisation with dithiothreitol-solution.
The plates were examined daily for the presence of
growth. All NTM strains were recovered after a mini-
mum of 3 days incubation on the BD Cepacia Medium,
where they grew as greyish white smooth to rough colo-
nies.

2.2. Isolation and | dentification of M. abscessus

Direct microscopy for mycobacteria and culture were
done according to routine procedures at the laboratory
[15,16]. Mycobacteria were identified by the Zichl-
Neelsen staining method. M. abscessus was isolated on
Lowenstein-Jensen (LJ) solid medium as well as in liquid
medium using mycobacterial growth indicator tubes
(MGIT) (Becton Dickinson, Heidelberg, Germany). Posi-
tive MGIT cultures were subcultured with 0.1 ml of a
1:10 dilution on Lowenstein-Jensen selective medium
containing 5% NaCl (LJS, Oxoid GmbH, Wesel, Ger-
many). Species were identified by using a biochemical
test panel (tolerance to 5% NaCl, iron uptake, Tween
hydrolysis, urease, nitrate reduction) and by sequencing
of the 16S rRNA gene [17]. These methods were com-
plemented by using the GenoType Mycobacterium CM
test (HAIN Lifescience, Nehren, Germany) [18].

2.3. Molecular Genotyping of M. abscessus
| solates

Internal fragments from 5 housekeeping genes together
with 16S-23S-rRNA gene internal transcribed spacer se-
quence (ITS) were selected for MLSA. A total of 2972
nucleotides, corresponding to 5 housekeeping genes and
the ITS sequence, were determined for 11 clinical M.
abscessus isolates from CF patients (two isolates were
not conserved) and compared to those of the M. abscess-
sus reference strain (GeneBank accession number CU45
8896).

Fragments from 5 housekeeping genes together with
16S-23S-rRNA gene internal transcribed spacer sequence
(ITS) [19] were amplified using the sets: argH (argini-
nosuccinate lyase) [20], cya (adenylate cyclase) [20],
pgm (phosphoglucomutase) [20], rpoB (beta-subunit of
RNA polymerase) [21], and hsp65 (65-kDa heat shock
protein) [20,22] (Table 1). The gene products for argH,
cya, and pgm have been used previously in the multilo-
cus enzyme electrophoresis (MLEE) analysis of myco-
bacteria [23,24]. Amplification was performed using 5 pl
purified DNA plus 44 pl of PCR master mix (BIORON,
Ludwigshafen, Germany) and 0.5 pl of each primer (20
pmol). The dideoxy sequencing of the amplified gene
fragments was carried out on both strands with the Big
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Table 1. Primersused for PCR and sequencing.

Gene Primer name Primer sequence Amplified fragment (bp)
hsp65 Tb 11 5’-ACCAACGATGGTGTGTCCAT-3’ 441 bp
Tb 12 5’-CTTGTCGAACCGCATACCCT-3’
ITS1 Spl 5’-ACCTCCTTTCTAAGGAGCACC-3’ 190 bp
Sp 2 5’-GATGCTCGCAACCACTATCCA-3’
rpoB MycoF 5’-GGCAAGGTCACCCCGAAGGG-3’ 764 bp
MycoR 5’-AGCGGCTGCTGGGTGATCATC-3’
pgm PGMSF1 5’-CCATTTGAACCCGACCGG-3’ 509 bp
PGMSR2 5’-GTGCCAACGAGATCCTGCG-3’
argH ARGHF 5’-GACGAGGGCGACAGCTTC-3” 503 bp
ARGHSRI1 5’-GTGCGCGAGCAGATGATG-3’
cya ACF 5’-GTGAAGCGGGCCAAGAAG-3’ 527 bp
ACSR1 5’-AACTGGGAGGCCAGGAGC-3’

Dye Terminator cycle sequencing kit (Applied Biosys-
tems), using the same primers as those for amplification.
Sequencing products were purified and analyzed with an
ABI 3700 DNA analyzer. The sequences were aligned
and trimmed to defined start and end positions using the
Lasergene software package, version 8 (DNASTAR Inc.,
Madison, WI, USA) according to previous studies [20].
Reference M. abscessus sequences of the 5 housekeeping
genes as well as the ITS sequence were obtained from
the whole genome sequence of M. abscessus CU458896
(accession number CU458896) [25]. Gene sequences
were aligned with the closest relatives retrieved from the
BLAST nucleotide sequence database. The alignment
was done by a hierarchical method for multiple align-
ments implemented in the CLUSTAL V computer pro-
gram [26] and nucleotide sequence relationships were
presented as a rooted tree. Automatically aligned se-
quences were checked manually. Between the isolates
the sequence similarities for the respective DNA frag-
ments varied from 98.0% to 100% (ITS), 98.5% to 99.8%
(pgm), 98.8% to 100% (hsp65), 85.05% to 100% (argH),
82.93% to 100% (rpoB), and 86.18% to 100% (cya).

3. Reaults

13 patients (8 male), i.e. 3.6% of the 357 patients attend-
ing the CF Center at the Children’s University Hospital
Munich between January 1%, 1998 and January 1%, 2010
had at least one NTM positive respiratory specimen (T a-
ble 2). The mean age at first detection was 17.4 years
(range 13.8 - 28 years). 9 patients were <18 years old at
first detection. The mean follow-up period (years from
first detection of NTM to the end of the observation pe-

Copyright © 2013 SciRes.

riod) was for 11 patients 5.2 years (range: 2 - 11.7 years),
one patient (9) died shortly after first detection of M.
abscessus, one patient (7) left the service shortly after the
first detection of NTM and thus fell out of observation.
M. tuberculosis was not detected during the observation
period.

3.1. Clinical Assessment of NTM Positive
Patients

3 patients (8, 12, 13) had only one NTM positive respi-
ratory sample (T able 2), they all had a stable or a slightly
increased BMI and a stable ESR. IgG increased in 2 of
these patients but remained within the reference range.
FEV1 remained stable with the exception of the FEV1 of
patient 8, which declined. As the respiratory specimen 4
years after detection of NTM in patient 8 were NTM
negative, a causal relationship between clinical condition
and M. abscessus infection was unlikely.

9 patients had repeatedly positive NTM samples with a
mean detection period of 3.7 years (range 0.1 - 11.4
years). All of these patients but patient 6 fulfilled the
2007 American Thoracic Society (ATS) clinical and mi-
crobiologic diagnostic criteria for NTM lung disease [27].
All patients received anti-mycobacterial therapy consist-
ing of a combination of oral, nebulized and i.v. antibiotic
and antimycobacterial treatment. Treatment duration was
at least one year. 5 of these patients exhibited a pro-
longed NTM detection (>2 years) despite intensive
treatment: 2 (2,4) had a stable FEV1, one (1) a decline in
FEV1 and 2 (3,11) an especially strong decline. 3 pati-
ents (5,6,10) with repeated NTM detection were suc-
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cessfully eradicated after 1.2, 0.1 and 1.4 years respec-
tively: patient 5 exhibited a decline in FEV1, patient 6
had a stable FEV1 and patient 10 an especially strong
decline. No clear trend could be observed for IgG, ESR
and BML

One patient (9) died 0.7 years after first detection of
NTM. The clinical course of this patient prior to NTM
infection was stable with normal FEV1 values and minor
respiratory infections (Table 2, Figures 1 and 2).

No patient had been treated with long-term macrolides
prior to first NTM detection, no patient suffered from
diabetes mellitus at first detection.

One patient (3) with a detection period of 4.4 years
and a severe clinical deterioration was treated with inter-
feron (IFN) gamma 1b 0.1 mg 3 times per week subcu-
taneously in addition to intensive i.v., oral and nebulized
anti-mycobacterial treatment. This led to a clinical stabi-
lization at very low FEV1 levels (mean 36.6% pred)
compared to normal FEV1 levels (mean 102.9% pred)
prior to infection.

3.2. Molecular Char acterization of M. abscessus

The most prevalent NTM in the study population was M.
abscessus: 12 of 13 NTM positive patients had at least
one positive sample for M. abscessus, for one patient the
NTM species was not characterized. 4 patients with M.
abscessus carried a second NTM species (Table 2).
MLSA showed no dominant M. abscessus clone (Fig-
ure 3(a)). 6 patients had isolates with unique MLSA pat-
tern. Patients 9 and 12 harboured strains that revealed
identical nucleotide sequences in all DNA fragments
analysed. We designated these strains cluster A. Patient-
to-patient transmission was highly unlikely (Figure 3(b)):

patient 9 was admitted from an external hospital, where
he had been treated previously and where NTM were
first detected, directly to our intensive care unit, where he
died 2 months after admission. In patient 12 M. absces-
sus was detected once one year after patient 9 had died.
Patient 1 carried a strain with almost identical sequences,
revealing only 3 nucleotide substitutions within the 2773
bp concatenated sequence. However, patient 1 was seen
in a different, associated clinic by a different physician
and first detection had occurred 8 years prior to first de-
tection in patient 9, also in an external hospital. Personal
interaction between the 3 patients did not occur and
places of residence were several 100 km apart.

The strains from patients 5 and 7 were closely related
to each other (8 nucleotide substitutions), but cannot be
assigned to a single clonal lineage. The sequences of the
M. abscessus strain from patient 2 were identical to those
of the M. abscessus reference strain previously isolated
in Japan revealing 3 nucleotide substitutions and an 11
bp gap in the concatenated sequence 2 (Figure 3(a)).

4. Discussion

The detection rate of NTM-predominantly M. abscessus
in this study was 3.6%. Reported prevalence rates for CF
patients range between 2% and 28% [9,10,28,29]. The
low detection rate in this cohort may have several rea-
sons including the specimen preparation described above,
the higher proportion of throat swabs compared to spu-
tum in a largely paediatric cohort and the lack of rou-
tine use of long-term macrolides in this cohort [30].

The effect of chronic NTM infection on the clinical
course of CF patients is variable [11,12]. Several studies
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Figure 1. FEV1 (% pred) of NTM positive CF patients. Mean FEV1 (% predicted) values of 11 NTM positive CF patients
(patients 7 and 9 are not shown due to insufficient data) during 7 different time intervals: 2 years and 1 year before first de-
tection, at first detection, 1, 2 and 3 years after first detection and at the end of the observation period. Each symbol repre-
sents one patient; the red color marksthe three patients with the most dramatic clinical deterioration, the grey lines indicate

the patientswith only asingle NTM detection.
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Figure 2. Inflammatory markers ESR (mm/h) and 1gG (g/l) of NTM positive CF patients. Mean ESR (mm/h) and mean se-
rum 1gG (g/l) of 11 NTM positive CF patients (patients 7 and 9 are not shown dueto insufficient data) during 7 different time
intervals: 2 yearsand 1 year beforefirst detection, at first detection, 1, 2 and 3 years after first detection and at the end of the
observation period. Each symbol represents one patient; thered color marks the three patients with the most dramatic clini-
cal deterioration, the grey linesindicate the patientswith only asingle NTM detection.

have shown that an infection with NTM, in particular
chronic infection with M. abscessus, may be associated
with a decline in lung function [31,32], while other large
studies have failed to demonstrate this relationship [2,29,
33]. In the present study, patients with only a single
NTM detection exhibited a stable clinical course. The
clinical course of patients with longer NTM detection
was variable. The inter-individual variance in the re-
sponse to NTM infection was striking, the reasons re-
main elusive. Factors, such as genetic background, a
more severe underlying CF disease, bacterial load, host
defence and chronic exposure have to be considered. One
NTM positive CF patient with a severe clinical deteriora-
tion was treated with IFN-gamma 1b 3 times per week
subcutaneously in addition to the standard NTM-treat-
ment. IFN-gamma therapy stabilized his clinical condi-
tion at however a very low level.

Systemic or inhaled IFN-gamma treatment for CF pa-
tients [34,35] can have a beneficial effect if administered
in addition to antimycobacterial treatment. A few studies
have reported that IFN-gamma, TNF-alpha and I1-12 are

Copyright © 2013 SciRes.

likely to protect against M. avium infection in non-CF
patients, while 11-10 was considered immunosuppressive
[3]. Another study demonstrated a decreased [FN-gamma
response to mitogen stimulation [4].

Several previous studies have demonstrated a lack of
patient-to-patient transmission for NTM [9,36]. The mo-
lecular analysis of 11 M. abscessus strains in this study
showed that the majority of the strains were unique. The
sequences of the M. abscessus strain from CF patient 2
were almost identical to those of the M. abscessus refer-
ence strain isolated in Japan. This may indicate that some
clonal groups of M. abscessus are spread around the
world representing natural reservoirs for M. abscessus
colonisation or clinical infections of CF patients. 2 pa-
tients (9, 12) harboured identical strains, without evi-
dence that patient-to-patient transmission can have oc-
curred. Despite carrying identical strains patient 12
showed no clinical effect of the NTM infection, while
patient 9 exhibited a fatal clinical course. Patient 1 car-
ried a strain with almost identical sequences to patients 9
and 12 revealing only 3 nucleotide substitutions within
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Figure 3. (a) Phylogenetic tree of M. abscessus-Mycobacterium abscessus ML ST hsp65/I TS/rpoB/pgm/ar gH/cya (Clustal V).
Phylogenetic tree of the concatenated DNA sequences for the 5 housekeeping genes and the I TS sequence of the different M.
abscessus strains isolated from 11 CF patients. The sequences of reference M. abscessus strain CU458896 ar e given as com-
parator. The tree was constructed with ClustalV and the neighbor-joining method to distinguish the different isolates. The
reliability of the tree topology was gauged by performing bootstrap analysis using 1000 r eplicates. Bootstrap values of 100%
at nodes, wher e the configuration to theright was found, are shown. The bar shown in the graph provides scale to the branch
lengths and represents the number of substitutions per 100 residues; (b) Overview of the clinical visits of the 3 patients with

identical (pt 9 and 12)/closely related (pt 1) M. abscessus strains.

the 2773 bp concatenated sequence, however, patient-
to-patient transmission was also highly unlikely. A pre-
vious study using different molecular typing methods
such as pulsed-field gel electrophoresis (PFGE) and en-
terobacterial repetitive intergenic consensus (ERIC) PCR
identified closely related M. abscessus isolates in patients
with no common epidemiological history. These isolates
came from different sources and geographic locations
and were isolated in different years [37]. A recent study
also confirmed that several different CF patients in the
same care center can share M. abscessus complex strains
which are indistinguishable by variable-number tandem
repeats (VNTR) and by targeting PCR primers to non-
coding repetitive sequences (rep-PCR) [38]; the potential
of patient-to-patient transmission was however not inves-
tigated.

Copyright © 2013 SciRes.

The results of the current study speak in favour of the
presence of distinct M. abscessus clones found in clinical
samples and environmental sources as patient-to-patient
transmission was unlikely. However, patient-to-patient
transmission cannot generally be excluded if identical M.
abscessus stains are present in a single cohort. Of interest
in this regard is the report of a recent outbreak of a M.
abscessus ss. massiliense in 5 patients with CF: trans-
mission seems to have occurred by patient-to-patient
respiratory spread or by contamination of the clinic or
equipment [6]. Both repetitive unit-sequence of based
PCR and pulsefield gel electrophoresis analysis of iso-
lates from the 5 patients were identical.

We recommend that the standard transmission-based
precautions applicable to all CF patients including NTM
positive patients [39] should be extended. In addition to
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standard hand washing and repeated, rigorous surface
and equipment cleaning after the consultation, we re-
commend separation of NTM positive patients and the
use of face masks during their stay in the ambulatory
care center or the hospital.

(1]
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