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SUMMARY

Non-tuberculous mycobacteria (NTM) illness is an emerging life-threatening infection, and
paediatric features have not been well studied. The objective of our study was to review the
NTM isolates of hospitalized paediatric patients identified at our institution and to describe the
characteristics of these cases. Our retrospective chart review from 2010 to 2013 identified 45
patients with 46 positive NTM cultures. Fifteen (33%) patients had received haematopoietic cell
transplant, 13 (29%) had cystic fibrosis, and six (13%) were previously healthy. Twenty-seven
(59%) NTM isolates were Mycobacterium chelonae/abscessus, 14 (30%) were M. avium
intracellulare, and four (9%) were M. immunogenum. The majority (65%) of cases were
community-acquired, and 20 (43%) patients were treated as infection. This case series identified
a predominance of M. chelonae/abscessus, and includes a substantial number of haematopoietic
cell transplant patients, which reflects the changing spectrum of NTM disease as molecular
diagnostics improve and quaternary care facilities provide for a larger immunocompromised
population.
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INTRODUCTION

Non-tuberculous mycobacteria (NTM) have emerged
as increasingly important pathogens in the last two dec-
ades [1, 2]. This increase has been most marked in
patients with cystic fibrosis (CF), transplant recipients
and other immunocompromised hosts. Unlike other
environmental pathogens that are largely opportunistic
in patients with malignancy, immunodeficiency, and

transplant recipients, NTM can cause significant disease
in otherwise healthy individuals. Moreover, children
have specific clinical manifestations due to increased
frequency of exposures, such as through pica inges-
tion, associated with their young age.

Changes in the microbiological quality of drinking
water due to changes in chlorination methods have
led to a documented increase in NTM in the water
supply [3], and NTM have been increasingly recog-
nized to cause disease. There have been few compre-
hensive reviews of NTM cases in hospitalized
children to guide our understanding of the clinical
and microbiological features of NTM in the paediatric
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population, particularly the immunocompromised
population. The objective of our study was to deter-
mine the NTM isolates identified in hospitalized
patients at our institution, to describe the character-
istics and clinical outcomes of these cases and antimi-
crobial susceptibility patterns, with a focus on whether
these were hospital- or community-acquired, coloniza-
tion or infection.

METHODS

Clinical setting and study design

The University of Minnesota Masonic Children’s
Hospital is a 96-bed tertiary-care hospital that pro-
vides care in over 50 paediatric services, and has an
active transplant service that performs over 50 haema-
topoietic cell transplants (HCTs) and 60 solid organ
transplants a year.

This was a retrospective chart review from January
2010 to December 2013 of all paediatric patients ad-
mitted to the hospital who had a NTM-positive cul-
ture. All paediatric patients from 2 months up to 21
years of age were included. This study was approved
by the Institutional Review Board of the University
of Minnesota.

Case definition

A NTM-positive patient was defined as a patient with
clinical samples from which NTM was recovered dur-
ing the hospital stay. Community-acquired NTM was
defined as isolation of this organism prior to, or within
72 h of, hospitalization. NTM isolates recovered after
72 h of hospitalization were considered hospital-
acquired. If a patient had a NTM isolate recovered
within 72 h of hospitalization, but had been recently
discharged from a prolonged hospitalization and read-
mitted within 72 h, this was also considered a
hospital-acquired infection. Colonization with NTM
was defined as lack of evidence of clinical disease.
Infection with NTM was defined as associated signs
and symptoms of clinical disease that could not be
attributed to another cause. NTM isolated from a
sterile site was considered an infection. NTM isolated
from a non-sterile site, such as sputum, was correlated
with radiographic imaging for evidence of invasion,
and with other clinical signs and symptoms, in order
to be considered an infection. Whether the patient
was treated with antibiotics directed against NTM
was also considered in classifying the patient as

being infected or colonized with NTM. If the investi-
gators were unsure of the classification of the isolate as
causing infection or colonization, it was classified as
indeterminate. Medical records of all NTM-positive
patients were reviewed for signs and symptoms of in-
vasive disease and data extracted. All-cause inpatient
mortality data were also extracted.

Microbiology

Patient samples were processed with sodium hydrox-
ide containing N-acetylcysteine prior to inoculation
into a mycobacterium growth indicator tube
(Becton, Dickinson and Company, USA) and a
7H11 selective flask (Hardy Diagnostics, USA). For
the next 6 weeks, samples were monitored hourly for
growth at 37°C incubation. Positive isolates were
confirmed byKinyoun stain and thesewere subcultured
onto Lowenstein–Jensen slant (Hardy Diagnostics),
Columbia sheep blood agar plate (Hardy Diagnostics),
and 7H9 broth. Selected isolates were identified by
DNA probe (Gen-Probe, USA) or DNA sequencing.
Susceptibility testing was performed using the broth
microdilution method as recommended by the 2012
Clinical and Laboratory Standards Institute. Clarithro-
mycin susceptibility testing was read for Myco-
bacterium fortuitum species at 3 days and 14 days,
and for all other NTM species was read at 4 days
and 14 days.

RESULTS

Patient characteristics

Between January 2010 and December 2013, a total of
45 patients had 46 positive NTM cultures. Patients
had a median age of 9 years (range 8 months to 21
years), and 56% were male (Table 1). The duration
from hospital admission to incident culture of NTM
was a median of 2 days (range 0–91 days), and for
patients with hospital-acquired infection it was a me-
dian of 27 days (range 17–90 days). Seventeen (38%)
patients had chronic pulmonary conditions including
13 (29%) patients with CF, 15 (33%) patients had
received HCT, 14 (31%) had some form of malig-
nancy, three (7%) had chronic renal or pancreatic dis-
ease, one (2%) had an auto-islet pancreatic transplant,
and one (2%) patient had a liver and kidney trans-
plant. Six (13%) patients had no significant medical
history.
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Table 1. Patient cases

Patient
no. Age (years) Sex Diagnosis

Days
post-BMT/
other
transplant Mycobacterial species Site

Community- or
hospital-acquired

Infection,
colonization, or
uncertain Treatment Outcome

1 10 months F History of pulmonary
TB

n.a. M. avium intracellulare Gastric aspirate CA Colonization None Alive

2 23 months F Parotid mass n.a. M. avium intracellulare Parotid CA Infection Removal of
mass

Alive

3 3 F Parotid swelling with
lymph node dissection

n.a. M. avium intracellulare Submandibular
node

CA Infection Removal of
node

Alive

4 3 M Parotid mass n.a. M. avium intracellulare Parotid CA Infection Removal of
mass

Alive

5 3 F Asthma n.a. M. avium intracellulare Gastric fluid CA Colonization None Alive
6 5 M ESRD,

oto-palato-digital
syndrome

n.a. M. chelonae/ abscessus Peritoneal fluid CA Infection AZI, AMK,
LIN

Alive

7 6 M CF n.a. M. abscessus Tracheal aspirate CA Colonization None Alive
8 7 F Caroli disease 20 M. immunogenum Pleural fluid,

abdominal fluid
HA Infection LIN, PIP Alive

9* 7 M ALD 7 M. immunogenum Faeces HA Infection CFZ, CTZ,
LEV

Alive

148 M. chelonae Blood HA Infection TOB Dead
10 8 M Anaplastic large B-cell

lymphoma
128 M. chelonae ET aspirate CA Colonization None Alive

11 8 F Pericarditis n.a. M. arupense Gastric aspirate CA Colonization None Alive
12 8 M Metastatic glioblastoma

multiforme
n.a. M. fortuitum Ear CA Infection AMK, CLR Alive

13 9 M Hodgkin’s lymphoma 5 M. immunogenum Throat HA Colonization None Alive
14 9 M T-cell ALL 38 M. chelonae Sputum HA Colonization None Dead
15 9 M Idiopathic pulmonary

haemosiderosis
n.a. M. chelonae Sputum CA Colonization None Alive

16 9 M CF n.a. M. avium intracellulare Sputum CA Infection CLR, MOX Alive
17 10 M ALD 290 M. chelonae Sputum HA Colonization None Alive
18 10 F Monosomy 7,

myelodysplastic
syndrome

502 M. chelonae Sputum CA Infection LEV Dead

19 11 M Pre B-cell ALL 34 M. immunogenum Throat HA Colonization None Alive
20 11 F ALL 108 M. chelonae Sputum HA Infection AZI, CTZ,

MER
Dead

21 12 F FTT, restrictive lung
disease, fibronodular
interstitial disease

n.a. M. chelonae Sputum CA Colonization None Alive

N
on-tuberculous
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ycobacteria
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Table 1 (cont.)

Patient
no. Age (years) Sex Diagnosis

Days
post-BMT/
other
transplant Mycobacterial species Site

Community- or
hospital-acquired

Infection,
colonization, or
uncertain Treatment Outcome

22 12 M CF n.a. M. abscessus BAL CA Infection LEV, TOB Alive
23 13 F Asthma n.a. M. chelonae Sputum CA Colonization None Alive
24 13 M CF n.a. M. avium intracellulare Bronchial CA Infection AMK, AZI,

MOX, RIF
Alive

25 15 M AML 11 M. chelonae Sputum HA Colonization None Dead
26 15 M CF n.a. M. avium intracellulare Sputum CA Colonization None Alive
27 15 F CF n.a. M. avium intracellulare Sputum CA Infection LEV, TCV Alive
28 15 F CF n.a. M. avium intracellulare Sputum CA Infection LEV, PIP Alive
29 15 M Fanconi anaemia,

myelodysplastic
syndrome

1642 M. chelonae Esophageal brush HA Infection AZI, TOB Alive

30 15 F Osteoperosis 22 M. chelonae Sputum HA Colonization None Dead
31 15 M Chronic pancreatitis n.a. M. chelonae Sputum HA Colonization None Alive
32 15 F DiGeorge syndrome,

Tetralogy of Fallot
n.a. M. avium intracellulare Gastric aspirate HA Colonization None Alive

33 16 F Chronic pancreatitis 2 M. abscessus Blood CA Colonization None Alive
34 16 F CF n.a. M. abscessus Sputum CA Colonization None Alive
35 17 F Pneumonia n.a. M. chelonae Sputum CA Infection AZI, CTX Alive
36 17 M Pneumonia n.a. M. chelonae Sputum CA Colonization None Alive
37 17 M ALL 90 M. chelonae Sputum HA Colonization None Dead
38 17 F CF n.a. M. avium intracellulare Sputum CA Colonization None Alive
39 17 F Neuroblastoma 15 M. chelonae/ abscessus Sputum HA Colonization None Dead
40 19 F HLH 182 M. chelonae BAL HA Infection AZI, MER Dead
41 19 M CF n.a. M. chelonae/ abscessus Bronchial lavage CA Colonization None Alive
42 19 M CF n.a. M. abscessus BAL CA Colonization None Alive
43 20 F CF n.a. M. avium intracellulare Sputum CA Colonization None Alive
44 21 M CF n.a. M. avium intracellulare Sputum CA Infection LEV, MER,

TOB
Alive

45 21 M Hodgkin’s lymphoma 730 M. chelonae Sputum CA Infection LIN, MER Alive

* Patient no. 9 had two non-tuberculous mycobacteria cultures positive in two separate hospitalizations.
ALD, Adrenoleukodystrophy; ALL, acute lymphoblastic leukaemia; AMK, amikacin; AML, acute myeloid leukaemia; AZI, azithromycin; BAL, bronchoalveolar lavage;
BMT, bone marrow transplant; CA, community-acquired; CF, cystic fibrosis; CFZ, cefazolin; CLR, clarithromycin; CTX, ceftriaxone; CTZ, ceftazidime; DOX, doxycycline;
ESRD, end-stage renal disease; ET, endotracheal; ETH, ethambutol; FTT, failure to thrive; HA, hospital-acquired, HLH, haemophagocytic lymphohistiocytosis; LEV,
levofloxacin; LIN, linezolid; MER, meropenem; MOX, moxifloxacin; n.a., not applicable; PIP, piperacillin-tazobactam; RIF, rifampin; TCV, ticarcillin-clavulanate; TOB,
tobramycin.
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Mycobacterial species and clinical features

M. chelonae was isolated from 18/46 cases (39%), 14
(30%) cases were M. avium intracellulare, six (13%)
cases were M. abscessus, and M. immunogenum was
isolated in four (9%) cases. Three (7%) cases isolated
M. chelonae/abscessus complex not further differen-
tiated. One patient had both M. immunogenum and
M. abscessus isolated on different occasions, and one
had M. abscessus isolated on consecutive cultures.
Culture sites were typically sputum or another respir-
atory tract sample (65%, Figs 1, 2a), but mycobacteria
were also isolated from the gastrointestinal tract (21%,
Fig. 2b), blood (6%), parotid (4%) and ear and
submandibular lymph node (2% each).

Thirty (65%) cases were community-acquired. The
most commonly isolated NTM in community-acquired
cases were M. avium intracellulare (43%), followed by
M. chelonae (27%) andM. abscessus (17%).M. chelonae
was the predominant isolate in hospital-acquired
cases (59%), followed by M. immunogenum (24%) and
M. avium intracellulare (12%). Of the 26 cases of coloni-
zation, M. chelonae was most commonly identified
(42%), then M. avium intracellulare (23%) and
M. abscessus (15%). Of the 20 cases of infection, the
predominant NTM were split evenly between
M. avium intracellulare and M. chelonae (40% each),
followed by M. immunogenum (10%).

Of the 13 CF patients with NTM-positive isolates,
eight (62%) were M. avium intracellulare, four (30%)

were M. abscessus, and one (8%) was M. chelonae/
abscessus complex. About half (46%) of these cases
were determined to be infection, of which 83% were
M. avium intracellulare followed by one (17%) case of
M. abscessus. Other pulmonary conditions included
asthma (4%), restrictive lung disease and idiopathic pul-
monary haemosiderosis (2% each), andM. chelonaewas
isolated in 75% of these cases from the respiratory tract.

The 15 HCT patients had 16 positive cultures for
rapidly growing NTM species, including 12 (75%)
cases ofM. chelonae, three (19%) cases ofM. immuno-
genum, and one (6%) M. chelonae/abscessus complex.
One patient had M. immunogenum and M. chelonae
isolated in separate hospitalizations. These patients
had received HCT a median of 38 days prior to
NTM isolation, with a range of 5–1642 days. For
the two solid organ transplant recipients with positive
NTM cultures, the median duration from transplant
to NTM isolation was 9 days (range 2–20 days). The
patient with NTM isolated at 2 days was classified
as community-acquired colonization (patient no. 33,
Table 1). The majority of positive cultures for HCT
patients were detected in the sputum or another respir-
atory tract sample (69%), although throat or oesoph-
agus (19%), blood and faeces (6% each) were also
sites. Thirteen (81%) cases in HCT patients were
hospital-acquired, resulting in four cases of infection.
Three (19%) cases were community-acquired, result-
ing in two cases of infection. After a thorough out-
break investigation, the hospital-acquired cases were
attributed to elevated levels of NTM species in the
hospital drinking water and ice machines [4].

Of the 31 patients with NTM isolated from respir-
atory sites, nine were symptomatic with respiratory
symptoms and of these four had fever. One patient
with M. immunogenum isolated from both pleural
and abdominal fluids also had Enterococcus isolated
from the same sites, but her fevers improved once
the enterococcal infection was treated (patient no. 8,
Table 1). However, as NTM was isolated from several
sterile sites, and as she was treated for her NTM iso-
late, the case was determined to be an infection. One
patient hadM. chelonae andM. mucogenicum isolated
from peritoneal dialysis fluid at another hospital prior
to transfer to our institution (patient no. 6, Table 1).

Nine patients died (20% all-cause mortality),
although NTM isolation was determined to be an in-
fection in less than half of these patients. M. chelonae
was the predominant isolate (89%) followed by M.
chelonae/abscessus (11%). All except one case (89%)
was classified as hospital-acquired.

Submandibular
node
2%Ear

2%
Parotid

4%
Blood
6%

Gastrointestinal
tract
21%

Respiratory tract
65%

Fig. 1. Distribution of sites of non-tuberculous mycobac-
teria isolation (n= 46)
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Microbiological features

Antimicrobial susceptibility testing was done on up to
41 isolates (89%, Table 2). All NTM isolates had sus-
ceptibility testing to clarithromycin, linezolid and
moxifloxacin, and results were 95%, 37% and 7% sus-
ceptibility, respectively. Other antimicrobials were
tested in a limited range of isolates, such as tobramy-
cin which had 88% susceptibility to 19 isolates.
Notably, imipenem had 0% susceptibility against
all isolates tested, although 75% of tested isolates
were intermediately susceptible (data not shown).
Similarly, cefoxitin had 0% susceptibility although
67% of tested isolates were intermediately susceptible.
Susceptibility varied based on the mycobacterial spe-
cies, with 59% of M. chelonae isolates susceptible to
linezolid compared to 0% for M. immunogenum; and
100% of M. immunogenum isolates susceptible to ami-
kacin compared to 12% for M. chelonae.

DISCUSSION

NTM have long been recognized as environmental
bacteria which are found in soil and water and can
be human pathogens or colonize humans without
causing disease. Organisms can be found in water pro-
duction and distribution systems [5], and some NTM
such asM. xenopi andM. simiae are associated almost
exclusively with municipal water sources rather than
other environmental sources [2]. Human disease is

suspected to be acquired from environmental exposures,
and human-to-human transmission of NTM has rarely
been reported [6, 7]. NTM can result in asymptomatic
colonization and symptomatic infection, and can be
community-acquired, hospital-acquired or post-surgical
[8–11]. In recent yearsNTMhave emerged as an import-
ant cause of opportunistic infections in immunocompro-
mised hosts, including solid organ and HCT recipients
andpatientswith immunodeficiency [4, 12, 13].Our insti-
tutionexperiencedoutbreaksofmycobacterial infections
in HCT patients that were traced to the hospital water
supply [4, 14]. We surmised that our first outbreak was
related to a temporary drop in chloramine levels in the
city water supply [14]; the second outbreak was believed
to be related to plumbing changes in the new building
and the ice/drinking water machines [4].

There has been increasing interest in NTM disease
based on major recent trends associating NTM infec-
tion with AIDS, and the increasing frequency of
pulmonary NTM disease in non-AIDS populations
[2, 15]. In addition, the number of identified NTM
species has more than doubled in the last two decades,
with over 160 species documented [16]. Improved
microbiological techniques for isolating NTM from
clinical specimens, as well as advanced molecular
techniques such as 16S rRNA sequencing, have super-
seded traditional biochemical and phenotypic meth-
ods and contributed to the identification of new
species. The use of more discriminatory molecular
techniques led to the recognition of M. triplex,

M. immunogenum
3%

(a) (b)

M. immunogenum
34%

M. abscessus
13%

M. arupense
11%

M. avium
intracellulare

26%

M. avium
intracellulare

33%

M. chelonae
52 %

M. chelonae
11%

M. chelonae/
abscessus

6%

M. chelonae/
abscessus

11%

Fig. 2. Non-tuberculous mycobacteria species isolated from (a) respiratory (n= 31) and (b) gastrointestinal tracts (n= 9).
Not included are M. fortuitum from ear, M. avium-intracellulare from parotid gland and submandibular node, and
M. abscessus and M. chelonae from blood.
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M. lentiflavum, M. celatum and M. conspicuum,
among others, as species separate fromM. avium com-
plex [17], as well as the revelation that M. abscessus
complex consists of three genomospecies equivalent
to M. abscessus subsp. abscessus, M. abscessus subsp.
bolletii, andM. abscessus subsp. massiliense [18].

That NTM can colonize the respiratory tract without
causing disease can partly be attributed to the ability of
mycobacteria to form biofilm [19, 20]. This is similar to
the biofilm-forming ability ofM. tuberculosis in pulmon-
ary infection [21], which explains whyNTMcan be diffi-
cult to eradicate in patients once infection has been
established [2]. In our review, 13 patients with CF had
NTM isolated, all were community-acquired and just
under half of these cases were determined to be infection.
As NTM isolated from sputum in CF patients generally
reflect chronic colonization [22], this rate of infection
was surprisingly high based on the current literature,
although thismay be biased byour focus on hospitalized
patients and hence those more likely to have significant
disease.

Antimicrobial therapy for NTM infections can be
challenging as NTM are relatively resistant to many
of the first- and second-line drugs used to treat tu-
berculosis, and duration of treatment can be up to
12 months or more [23]. A macrolide-based multidrug
regimen has been part of NTM therapy since the
1990s [24], and macrolide resistance has been asso-
ciated with worse pulmonary status as well as fatal
pulmonary infections in CF patients [25]. In vitro

susceptibility testing has not been a reliable predictor
of clinical response to therapy for various NTM spe-
cies, unlike for M. tuberculosis. While NTM such as
M. kansasii, M. marinum and M. fortuitum are suscep-
tible to multiple antimicrobials based on in vitro testing,
M. avium complex has limited in vitro susceptibility with
clinical response correlating with macrolides only, com-
pared withM. abscessus andM. simiae which have lim-
ited in vitro susceptibility and poor correlation with
clinical response [2]. NTM exhibit a diverse antimicro-
bial susceptibility spectrum, as evidenced in the suscepti-
bility profile of our isolates (Table 2), which constitutes
part of the challenges in management.

Our study was limited in that we did not examine a
history of macrolide use in CF patients, nor did we
look at allergic bronchopulmonary aspergillosis or
steroid use, variables that have been found to increase
NTM rates [26]. Our laboratory did not further dis-
tinguish M. avium intracellulare into M. avium and
M. intracellulare, although there is evidence that
these species have differing clinical features and in
vitro susceptibility profiles [27]. In addition, our deter-
mination of colonization vs. infection was influenced
by whether the patient received antimicrobial therapy
directed against the NTM and whether the consulting
infectious disease physicians determined the patient to
be infected or colonized by NTM. Our high infection
rate may reflect the inclusion of hospitalized patients
who were symptomatic, as well as the number of
immunocompromised patients whom physicians

Table 2. Species and antimicrobial susceptibility profile of mycobacterial isolates

Antimicrobial

Susceptible mycobacterial isolates (%)

Overall
susceptibility
(%)

M. abscessus
(n= 5)

M. arupense
(n= 1)

M. avium
intracellulare
(n= 12)

M. chelonae
(n= 17)

M. chelonae/
abscessus
(n= 2)

M. immunogenum
(n= 4)

Amikacin 27·6 20 100 n.d. 11·8 50 100
Cefoxitin 0 0 n.d. n.d. n.d. n.d. 0
Ciprofloxacin 6·9 0 100 n.d. 0 0 25
Clarithromycin 95·1 80 100 100 100 50 100
Ethambutol 100 n.d. 100 n.d. n.d. n.d. n.d.
Imipenem 0 0 n.d. n.d. 0 0 0
Linezolid 36·6 20 100 16·7 58·8 50 0
Moxifloxacin 7·3 0 100 16·7 0 0 0
Rifampin 100 n.d. 100 n.d. n.d. n.d. n.d.
Rifabutin 100 n.d. 100 n.d. n.d. n.d. n.d.
Tobramycin 88·2 n.d. n.d. n.d. 88·2 50 n.d.
Trimethroprim-
sulfamethoxazole

3·4 0 100 n.d. 0 0 0

n.d., Not done or not interpretable; non-susceptible: doxycycline, minocycline.
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decided to treat conservatively with antimicrobials.
Inclusion of outpatients may provide a more accurate
picture of NTM pathogens within the community.
Our goal, however, was to characterize NTM infec-
tions in hospitalized paediatric patients, and while
other countries have reported on trends in NTM infec-
tion in children [28, 29], this is one of the larger case
series at a single institution with a sizable immuno-
compromised patient population.

In conclusion, features such as the ability of mycobac-
teria to formbiofilmand the challengeof effective antimi-
crobial therapy are contributing factors to the emergence
ofNTMas a pathogen. In addition, new diagnostic tech-
niques and the evolution of quaternary care providing for
a larger immunocompromised populations have broa-
dened the diversity of mycobacterial species being iden-
tified in children. Our report provides a deeper
understanding of NTM features and characteristics in
an inpatient, predominantly immunocompromised,
population, and patients by and large dowell as reflected
in our 80% survival rate. The predominance ofM. chelo-
nae and M. abscessus in our study reflects changing en-
vironmental exposures with public health implications.
US regulatory changes to lower disinfectant byproducts
in drinking water has impacted chlorination methods
and the subsequent microbiological quality of municipal
water sources, and led to increasing dominance and dis-
tribution of mycobacteria in water distribution systems
[3]. These changes suggest that mycobacteria levels will
continue be detectable in the environment, and that
NTM in children will continue to be a concern.
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