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1. Introduction and Background

Nontuberculous mycobacteria (NTM) are a heterogeneous
group of bacteria under the genus Mycobacterium, excluding
the M. tuberculosis complex [1]. NTM are characterized
by exceptional adaptability and durability and are found
worldwide in aquatic and soil environments, especially
watery reservoirs such as tap water and showerheads
[2]. More than 200 species with variable pathogenicity
are described [3,4]. NTM can be identified as incidental
organisms from the skin, upper respiratory tract, genital
region, and intestinal tract of asymptomatic individuals
without being part of the microbiota [5,6]. The large majority
of NTM are not pathogenic for humans, however some species
are associated with various clinical syndromes, depending
on prior exposure, host immune response interaction, and
specific species characteristics [1,7]. Pulmonary disease
is the most common clinical presentation, essentially in
patients with underlying pulmonary disease or cystic fibrosis
[7]. Still, extrapulmonary (EP) manifestations such as
lymphadenitis, skin and soft tissue infections, osteoarthritis,
and disseminated disease in immunocompromised patients
are increasingly recognized [6,8].

The incidence and prevalence of NTM infections seems
to be increasing worldwide, including in Belgium [6,10-
14]. Determining the precise burden of EPNTM disease
is challenging as there exist difficulties in discriminating
between "transient isolation” in non-sterile body sites
and true infection [10]. Additionally, systematic reporting
is not notifiable to public health authorities [15,16].
Factors predisposing to NTM disease are systemic
immunodeficiency (acquired or genetic), malignancies
under chemotherapy, organ transplantation, alcoholism,
malnutrition, aging, or the use of immunosuppressive
therapy [16]. Multiple natural reservoirs of NTM may act as a
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transition zone to aid in infecting humans [5]. Contaminated
water sources, particularly showerheads, are the most
proven environmental source of NTM infection [16]. The
ability of NTM to form different morphotypes and robust
biofilms may play a role in pathogenesis [2]. Microbiological
diagnosis is difficult, yet essential to determine species and
drug susceptibility testing. Culture is the gold standard for
laboratory diagnosis [7]. The variability in growth patterns
of different NTM species and the limitation of expertise to
some centers leads to mis- and underdiagnosis [17]. NTM
are typically classified into rapidly growing mycobacteria
(RGM) and slowly growing mycobacteria (SGM) based on
their ability to produce mature colonies on solid media in
less than or more than seven days, respectively. Besides the
length of growth, RGM and SGM differ in their antimicrobial
susceptibility and clinical manifestations [9].

Treatment of NTMis arduous asitneeds a competentimmune
function (when possible) and a good choice of antibiotics,
knowing that there is a paucity of active drugs that are
efficient to NTM due to the high level of natural resistance
[18]. Combination of antibiotics and prolonged therapy are
required to maximize efficacy and prevent the emergence of
resistance. This results in possible potential adverse events,
pharmacological interactions and poor patient compliance.
Additionally, there are few randomized controlled trials
related to EP-NTM, and the only existing guidelines are
specific for lung disease [19,20] which further complicates
the management of these infections. These diagnostic
and therapeutic challenges are particularly pronounced
in immunosuppressed patients. A multidisciplinary
harmonious approach is the key to the proper management
of a patient with EP-NTM. This study aims to analyze and
describe the recent epidemiological situation of EP NTM
infections in our hospital with a particular focus on risk
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factors, management, and outcomes.

2. Methods

2.1. Study Design and Data Collection

This retrospective study reviewed electronic medical
records of adult patients with positive EP-NTM samples
at Cliniques Universitaires Saint-Luc (Brussels, Belgium),
a 973-bed academic tertiary-care hospital, from January
2010 to December 2019. The cohort was identified using
chronological (positive mycobacterial polymerase chain
reaction (PCR) results or cultures classified by year) and
alphabetical (patient names associated with positive
mycobacterial results) laboratory records, with both sets
cross-verified for accuracy. Data extraction included patient
characteristics (gender, age, country of birth), immune
status (underlying transplant, human immunodeficiency
virus (HIV) status, auto-immune disease), risk factors
(alcohol, smoking, hypertension, cardiac conditions,
respiratory disease, renal disease, diabetes, cancer), external
risk factor (injury, aquarium), prior immunosuppressant
treatment, initial presentation (fever, fatigue, skin lesion...),
biological characteristics (C-reactive protein, neutrophils,
lymphocytes, renal function, liver enzymes), site of infection
(disseminated, lymphadenitis, skin, osteoarthritis), specimen
of NTM isolation, name of NTM isolated, susceptibility
testing, antimicrobial therapy (antibiotic name, start and
discontinuation dates, side effects), surgical interventions
and clinical outcomes. The most recent follow-ups were
recorded on the 28th of January 2021. Ethical approval was
obtained from the hospital’s Clinical Research.

Ethics Committee (reference number 2019/29A0U/377).
All patients aged over 18 years old with confirmed EP-NTM-
positive samples from January 2010 to December 2019 were
included. Two species, M. gordonae et M. paragordonae
were directly excluded from this study as considered as non-
pathogenic species [1,11]. The other species identified were
classified into pathogenic or contaminant depending on
the clinician’s decision. NTM infection was defined as cases
where treatment was initiated, or clinical judgment deemed
the isolated pathogenic, even without any treatment. An
NTM sample was considered a colonizer or contaminant
if the medical team in charge of the patient decided so. We
classified EP infections into lymphadenitis, skin and soft
tissue infections, osteoarthritis, disseminated (one positive
sample from blood culture or bone marrow, or various
positive samples from more than two non-contiguous

sterile sites), and others. Immunosuppression criteria
included HIV positivity with CD4 <200/mm3 or acquired
immunodeficiency syndrome (AIDS) stage, solid organ
transplantation, hematopoietic stem cell transplantation,
active malignancy, ongoing radio-chemotherapy, auto-
immune disease, immunosuppressive treatment, pregnancy,
complicated diabetes, terminal renal failure, end-stage
liver disease, splenectomy. Cure was defined as the absence
of evidence of infection at the end of treatment and/
or significant clinical improvement observed at the end
of follow-up. Failure was defined as the lack of clinical
improvement. Relapse was defined as the recurrence of
infection with the same pathogen after clinical resolution.

2.2.SampleProcessingand Microbiological Identification
Acid-fast bacilli (AFB) staining and culture for mycobacteria
remain the core of the diagnostic process. Samples are
inoculated in the BACTEC MGIT 960 tube following
manufacturer’s instructions (Becton Dickinson) and
incubated at 37°C. In parallel, three Lowenstein-Jensen
medium are incubated at 37°C, 30°C, and 42°C. From the
MGIT-positive tube, a smear is prepared for Ziehl- Nielsen/
auramine fluorescence staining and a drop inoculated into a
blood agar plates for checking any contamination (defined
as growth after 48 h of incubation at 37°C). Isolates were
identified by Matrix-Assisted Laser Desorption/lonization
Time-of-Flight (MALDI-TOF) mass spectrometry according
to the manufacturer’s instructions (Bruker Daltonics GmbH
Germany). If needed, conventional PCR was performed.
Antibiograms were performed by microdilution (Sensititre®)
and interpreted according to the CLSI criteria [21].

2.3. Statistical Analysis

Descriptive statistics were presented as medians with
interquartile ranges (IQR) or means * standard deviations
(SD) for continuous variables and as counts and frequencies
(n, %) for categorical variables. Fisher’s exact test was used
to compare dichotomous or qualitative variables, as chi-
square tests were unsuitable due to the small sample size.
The Kruskal Wallis test was applied to compare continuous
or quantitative variables.

3. Results

3.1. Incidence

During the study period, 43 different EP-NTM positive
samples were identified. Figure 1 shows the annual
distribution of cases.
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Figure 1: Number of Extrapulmonary NTM Samples Per Year (Total = 43)

3.2. General Characteristics of Patients

A total of 43 EP-NTM isolates were identified from 41
patients. Of them, 35 were considered to have true infections
while six were considered to have contaminants. Generally,
one species was isolated per patient, except in two cases
where two different species were associated to the same
patient. The first patient had a cutaneous NTM infection, and
at the end of treatment, another NTM was isolated from a
test-of-cure biopsy. This result was deemed a contaminated
sample due to the patient’s favourable clinical evolution.

The second patient had a concomitant disseminated
infection with two different NTM species: one isolated from
a lymph node and the other from a urine sample. Both were
considered pathogens by the medical team based on the
patient’s severe immunosuppression and compatible clinical
presentation. Baseline characteristics and comorbidities of
the 41 patients are summarized in Table 1. Of the 35 infected
patients, immunosuppression was prevalent in 71% of cases

(n=25).

Variables Total patients, 41 Infected patients, 35
Age in years, mean +/- SD 58 +/- 18 57 +/- 18
Female (%) 15 (40) 15 (43)
Considered immunosuppressed (IS) (%) 30 (73) 25 (71)
HIV positive (%) 10 (24) 10 (29)
Median CD4 cell count 41 cells/mm3 (IQR 21- 41 cells/mm3 (IQR 21-
160) 160)
Underlying transplant (%) 5(12) 5(14)
Kidney transplant 3 3
Kidney-pancreas transplant 1 1
Hematopoietic Stem Cell Transplant 1 1
Active malignancy (%) 5(12) 3(9)
Active chemotherapy (%) 2 (4) 2 (6)
Autoimmune disease (%) 12 (29) 7 (20)
Rheumatoid arthritis 3 2
Mixed connective tissue disease 6 3
Vasculitis 2 1
Hemolytic anemia 1 1
Immunosuppressants (%) 20 (49) 14 (40)
Corticosteroids - 20 14
Calcineurin inhibitors 4 4
Mycophenolate mofetil 7 6
mTOR inhibitors 1 1
Monoclonal 5 5
antibodies/immunotherapy
Splenectomy (%) 1(2) 1(3)
End-stage renal disease (%) 5(2) 3(9)
End-stage liver disease (%) 2(4) 2(6)
Diabetes with chronic complications (%) 4(9) 2(6)
Pregnancy (%) 1(2) 1(3)
External risk factor identified (%) 13 (32) 13 (37)

Categorical Variables are Summarized as the
a IS: immunosuppression

b HIV positive (CD4 <200/mm3, VL detectable (>40cp/mL)
malignancy, radio-chemotherapy, auto-immune disease,
equivalent for more than 14 days), pregnancy, complicated

Number (%) of Patients

or AIDS),

diabetes,

C More than 20mg prednisone or equivalent for more than 14 days.

Table 1: Number of Extrapulmonary NTM Samples Per Year (Total =

solid transplantation, hematopoietic transplantation,
immunosuppressive treatment including corticosteroids (>20mg prednisone or
terminal renal failure,

end-stage liver disease,

43)
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3.3. Clinical presentation and NTM

Species of the 43 positive samples, 18 distinct NTM species
and subspecies were identified with M. chelonae (n=9,
20%), M. avium (n=7, 16%) and M. abscessus (n=4, 9%)
being the most common followed by M. marinum (n=3, 7%)

and M. xenopi (n=3, 7%) as illustrated in Figure 2. Of the
43 positive samples, 36 were classified as true infections
involving 35 infected patients (one patient had a double
disseminated NTM infection). Seven samples were deemed
contaminants, including six from a urine sample and one

M. malmoense; 1; 2%

_—

M. genavense; 1; 2%

M. arupense; 1; 2% _\
~—_

M. kansasii; 1; 2%

M. colombiense; 3; 7% __,

M. marinum; 3; 7% ___

M. xenopi; 3; 7% _/

M. intracellulaire; 1; 2%_/

M. chimerae; 1; 2% /

M. avium; 7; 17%

from a cutaneous test-of-cure biopsy. Six of the eight urinary-
positive samples were contaminants, and two were found
in disseminated disease. Among the 35 infected patients,
clinical manifestations included 14 cutaneous infections, 13
disseminated infections, five osteoarticular infections, two
lymphadenitis cases, and one peritonitis. Table 2 describes
NTM species classification and clinical presentation. No
central nervous systeminfections were observed in our cohort.
All disseminated infections occurred in immunosuppressed
(IS) patients (p-value <0.05). M. marinum infections were
exclusively found in non-immunosuppressed patients. Only
about one-third of patients presented with fever or fatigue,

and no specific biological markers were identified.

M. simiae; 1; 2%

M. chelonae; 9; 22%

M. abscessus; 4; 10%

~~__M. neoaurum; 2; 5%

\ M. fortuitum; 1; 2%
\_ M. flavescens; 1; 2%

/M. mucogenicum; 1; 2%

Figure 2: Distribution of the 43 Identified NTM Species
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contamination. Rapidly growing mycobacteria (RGM) in blue and slowly growing mycobacteria (SGM) in green.

Table 2: NTM Species Classification and Clinical Presentation

3.4. Treatment and Outcomes

Among the 35 infected patients, 23 received medical
treatment, two underwent surgery alone, and eight received
a combination of medical and surgical treatment. One
patient did not receive treatment, and one was lost to follow-
up. Two patients from the group of six initially classified
as having contaminants received medical treatment before
their samples were reclassified. Of the 33 patients who
received medical treatment, 28 (84%) had a combination
of antibiotics. Treatment was initiated before susceptibility
testing results were available in 27 (77%) patients. The
duration of treatment varied widely, with a median of 156
days (IQR 52- 434). The length of treatment was not clearly
associated with the NTM species or clinical presentation.
Additionally, no correlation was observed between the
medical treatmentand the in-vitro susceptibility ofantibiotics
(prescriptions divided evenly among susceptible, resistant,
and unknown or untested results). In-vitro susceptibility
testing had no significant influence on the initial choice of
therapy or subsequent modifications. Because of a lack
of data, no analysis could be done concerning outcomes
related to the antibiotics used. Of the 33 treated patients,
17 (55%) completed their treatment as planned, while
six individuals had their treatment discontinued due to
toxicities. Significant toxicities were reported in 15 patients,

including diarrhea (n=7), nephrotoxicity (n=5), elevated
liver enzymes exceeding five times the upper limit of normal
(n=5), thrombopenia (n=3), leucopenia (n=2), anemia (n=1),
peripheral neurotoxicity (n=3), and optic neuritis (n=1).
Immunosuppression was reduced in 14 patients. Of the 35
infected patients, 23 were considered cured, two experienced
relapses, and eight were lost to follow-up. By the end of the
data recording (28th January 2021), eight patients had died,
with only two deaths directly attributable to NTM infections,
both involving disseminated presentations.

4. Discussion

We report 43 cases of EP-NTM-positive samples from 41
patients, with 35 confirmed infections over 10 years in a
Belgian tertiary-care hospital. The most frequent clinical
presentation was skin and soft tissue infection, followed by
disseminated infection, osteoarthritis, and lymphadenitis.
The most prevalent species identified were M. chelonae, M.
avium complex, M. abscessus, M. marinum, and M. xenopi.
Most patients were immunosuppressed, confirming the usual
opportunistic character of NTM species [1,10]. HIV-positive
patients who often had low CD4 counts were associated
with disseminated infections, as frequently reported in the
literature (22,23). Conversely, M. marinum infections were
observed exclusively in non-immunosuppressed patients,
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consistent with its clinical spectrum being dependent on
the route of exposure (e.g., aquatic environments) [24].
Interestingly, no M. chimerae cardiovascular infections were
detected in our cohort, as described by Soetaertetal.in 2016
[25,26].

Although we cannot provide an exact incidence rate or a
statical trend, we observed a tendency toward increasing
cases over the past decade, consistent with global reports
[10-15]. This may reflect a growing immunocompromised
population and the development of molecular methods that
have improved NTM diagnosis and identification. It is still
unclear whether the increase in NTM disease is in part due
to a change in pathogen virulence over time and/or due to
the participation of climatic changes [15, 27]. The ubiquitous
nature of NTM, the challenging laboratory identification
methods, the variety of pathogenicity combined with the
absence of mandatory reporting complicates efforts to
determine the accurate prevalence and incidence of NTM
infections, which is likely underestimated. Additionally,
positive cultures do notalwaysindicate disease, underscoring
the need for careful clinical and microbiological correlation.
There is a pressing need for systematic surveillance and
global studies concerning NTM to better understand the
burden of these infections. Clinical awareness is crucial
as identifying NTM infections in laboratory is fastidious
and requires specialized techniques. Moreover, accurate
species identification is essential for guiding treatment
and advancing our understanding of NTM-associated
pathologies. Furthermore, molecular sequencing techniques
continue to change the landscape of mycobacterial taxonomy.
In this way, continued collaboration between clinicians and
microbiologists plays a crucial role in improving outcomes
for these challenging infections. Another important
challenge to highlight is translating susceptibility data into
clinical decision-making for NTM infections.

Our study has several limitations. First, the small,
monocentric cohort and the retrospective design limited the
scope and comprehensiveness of data collection and analysis.
Furthermore, we assume that some patients received follow-
up care at other hospitals, potentially resulting in incomplete
data. Additionally, the exclusion of pulmonary samples is
associated with a notable statistical bias in the selection of
specimens. Nonetheless, this study shows real-life situations
concerning EP-NTM infections, adding considerable clinical
and microbiological diversity that participates valuably into
the epidemiology and management of EP-NTM infections,
contributing to the growing body of knowledge on this
complex and emerging clinical challenge.
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