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Abstract: The Mycobacterium abscessus complex (MABC) is a group of rapidly growing, nontuber-
culous mycobacteria that are ubiquitous in soil, urban water pipes, swimming pools, and drinking
water. Members of the MABC are considered opportunistic pathogens. The aim of this study was to
investigate the origins of MABC detected in broncho-lavage (BL) samples from asymptomatic cancer
patients. We turned our attention to washing and disinfection procedures for bronchoscopes; we also
assessed water and disinfectant samples. Of 10 BL and 34 environmental samples tested, four BL
samples (40%) and seven environmental samples (20.6%) tested positive for MABC. We hypothesized
that contamination could arise from the prewashing machine and/or the water used because no
patient had clinical or radiological signs consistent with MABC respiratory tract infection. Our study
highlights the importance of evaluating cleaning and disinfection procedures for endoscope channels
to reduce the potential spread of microorganisms and artefactual results arising from contamination.

Keywords: Mycobacterium abscessus complex; bronchoscope; public health; broncho-lavage

1. Introduction

The Mycobacterium abscessus complex (MABC) is a group of rapidly growing, nontu-
berculous mycobacteria (NTM) that includes three subspecies: M. abscessus, M. massiliense,
and M. bolletii. Members of the MABC are ubiquitous in soil, urban water pipes (sometimes
in symbiosis with amoebae) [1], swimming pools [2,3], and drinking water, where they can
remain viable after treatment and disinfection [4].

Although not highly virulent, similarly to other NTM such as M. chimaera belonging
to the Mycobacterium avium complex [5], members of the MABC are considered oppor-
tunistic pathogens and can cause disseminated infections in immunocompromised hosts.
Examples include bacteraemia following dialysis catheter use [6], central nervous system
infections, and skin and soft tissue diseases [7]. Skin and soft tissue infections generally
arise from disseminated disease or from direct contact with contaminated objects or fluids
through traumatic injuries or surgical wounds. Infections by MABC members have been
reported in patients undergoing cosmetic procedures (e.g., mesotherapy), tattooing, and
acupuncture [8].
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Members of the MABC are responsible for up to 80% of NTM respiratory infec-
tions worldwide. Thus, members of the MABC are becoming prominent and worrisome
pathogens and are frequently in patients with human immunodeficiency virus infection,
chronic obstructive pulmonary disease, bronchiectasis, and cystic fibrosis [4,7,9,10]. In
these patients, MABC mycobacteriosis can be very serious and often has fatal outcomes.
Outbreaks can pose serious risks in centres specializing in lung transplantation and treat-
ment of cystic fibrosis [11]. Moreover, treatment of MABC infections is complicated because
these bacteria are notoriously resistant to standard antituberculosis agents [12]. Infections
are often relentless despite treatment, and even when treatment is apparently effective,
relapse is common [13]. This infection can be acquired in community or hospital settings. In
community settings, transmission is mainly associated with contaminated water networks,
while in hospital settings transmission can be also related to contaminated disinfectants,
saline, and electromedical devices [11–15].

The epidemiology of MABC infection is complex and varies by geographic area and
patient type. Among rapidly growing mycobacteria, the MABC is recognized as the
most pathogenic. Multicentre studies have reported prevalence ranging from 2.7% in
Europe to 14% in the United States, where MABC infections are the second most common
mycobacterial infections after M. avium infections [12,16–18]. In the Russian Federation,
MABC species were isolated from 3.1% of examined patients and the prevalence among
patients with cystic fibrosis was 1.5% [19]. In Taiwan, members of the MABC comprise
17.2% of all clinical NTM isolates, equivalent to 1.7 cases per 100,000 population [20].

The aim of this study was to investigate the origin of a presumed cluster of mycobac-
teriosis resulting from MABC detected in broncho-lavage (BL) samples from asymptomatic
patients with cancer.

2. Results

Overall, of 44 samples tested (10 BL and 34 environmental), 11 (25%) were positive
for MABC: four BL samples (4/10, 40%) and seven environmental samples (7/34, 20.6%)
(Table 1). Positive samples included:

Table 1. Environmental samples tested for Mycobacterium abscessus complex (MABC).

Sample (N) Samples Positive for MABC n (%)

Phase 1: prewashing process
Water from tap without a filtration system (4) 0

Prewashing solution (1) 0
Prewashing solution with a disinfectant (2) 1 (50)

Prewashing solution using a sterile
bronchoscope (2) 2 (100)

Prewashing solution with a disinfectant using a
sterile bronchoscope (2) 2 (100)

Rewashing water (2) 0
Phase 2: sterilization process

Water from tap with a filtration system (2) 2 (100)
Sterilization solutions (5) 0

Detergents and disinfectants (9) 0

Sterile physiologic solution passed through a
sterile bronchoscope (5) 0

Total (34) 7 (20.6)
Abbreviations: MABC = Mycobacterium abscessus complex.

Two water samples from tap water after purification filtering;
One sample of prewashing solution with disinfectant that had not been passed through

a sterile bronchoscope;
Two prewashing solution samples after passing through a sterile bronchoscope;
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Two samples of prewashing solution with disinfectant after passing through a
sterile bronchoscope.

For Patient No. 1, a control bronchoscopy with a disposable bronchoscope was negative
for MABC.

3. Discussion

Microbiological surveillance conducted among patients at high risk of infection of-
ten highlights infectious complications of bacterial and fungal origin that are sometimes
difficult to resolve [21,22]. Diseases caused by NTM are generally uncommon. However,
NTM can cause infections in immunocompromised individuals as they are ubiquitous
microorganisms in the environment and in engineered environmental habitats [1,4,23].

Because the control bronchoscopy of Patient No. 1 resulted negative for MABC,
the suspicion that there was environmental contamination rather than an infection or
colonization of the patient was corroborated. Therefore, due to the oncological pathologies
of the patients often also being platelet and neutropenic, to perform follow-up for other
patients was not considered appropriate, as bronchoscopy is an invasive diagnostic test.

According to the manufacturing protocol in our study, the instruments dedicated to
sanitization of bronchoscopes are washed and sanitized in the prewash machine, then
sterilized using strong disinfectants (acetic acid and hydrogen peroxide). Although all
these steps were carried out, MABC species were isolated from the water samples used in
the prewash phase of the bronchoscope.

In this paper, we discussed a “presumed” cluster of mycobacteriosis as we detected
more positive samples in a short period. We hypothesized that contamination arose from
the prewashing machine and/or from the water used because no patients had clinical or
radiological signs consistent with MABC respiratory tract infection. Probably, the broncho-
scope was contaminated during the prewashing phase but did not transfer mycobacteria to
patients because the part of the bronchoscope in direct contact with the mucosa was sterile
and disposable.

Bronchoscopes are difficult to clean and disinfect. These instruments are fragile, have
a complex design [24], and cannot be subjected to thermal sterilization processes because
of the presence of cameras, optical fibres, and probes. Therefore, their sanitization is
carried out exclusively using strong disinfectants that may be insufficient to eliminate
MABC species.

NTM are difficult to eradicate via common decontamination practices and are highly
resistant to standard disinfectants such as chlorine [3]. Among disinfectants, acetic acid
appears to have significant mycobactericidal activity [25] and hydrogen peroxide is active
against a wide range of microorganisms including methicillin-resistant Staphylococcus au-
reus, vancomycin-resistant Enterococcus, Mycobacterium tuberculosis, spores, viruses, and
multidrug-resistant Gram-negative bacilli [26–28]. However, other studies have demon-
strated the difficulty of eliminating clinical MABC isolates, which can persist after exposure
to several biocides commonly used in hospitals [29]. M. abscessus sensu stricto is effectively
killed by exposure to 6% acetic acid for 30 min, while M. bolletii and M. massiliense appear
more resistant [25].

In our study, acetic acid-based and hydrogen peroxide-based compounds were used
for the disinfection/sterilization procedure. However, the effectiveness of disinfection, as
well as the efficacy of antibiotic therapies in patients with lung diseases, may differ for
members of the MABC, especially if these bacteria are present in biofilms. This matrix
plays an essential role in MABC infections: the formation of biofilm-like microcolonies was
detected in the lungs of patients with mycobacteriosis [24,30].

Members of the MABC exhibit two distinct morphotypes: a rough one, devoid of
surface-associated glycopeptidolipids, and a smooth one. These two types differ in their
virulence and pathogenicity, as well as in their ability to form biofilms [31]. Smooth colony
variants colonize the pulmonary airways in a biofilm, and after spontaneously losing
surface glycopeptidolipids, morphologically change into the rough colony type, causing
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inflammation and invasive disease [30]. Rough colonies of MABC species form biofilms
with a higher degree of mechanical strength than biofilms produced from smooth type
colonies [30].

Water is known to be an important environmental reservoir of mycobacteria. In water
pipes and engineered environmental habitats, biofilm formation represents a successful
survival strategy for mycobacteria [3]. Some authors have identified MABC species both in
hospital water and in endoscopic cleaning equipment [13], but could not resolve doubts
regarding the true source of these bacteria. In many cases, it is not clear whether the source
of outbreaks is an infected patient or water. Similarly, based on our analyses, we cannot
say with certainty that the water used in the prewashing phase was the source of MABC.
The samples taken directly from the tap connected to the water supply were negative
for MABC.

We isolated MABC species from water samples derived from a filtration system
installed to prevent bacteria spread in water systems, especially Legionella species. Levels
of MABC contamination in the water supply were probably low, but the filter may have
concentrated the bacteria to detectable quantities. For this reason, the hospital removed
and replaced the filter to ensure patient safety. The manufacturer has withdrawn the filter
for specific checks and analysis.

Although MABC members are generally ubiquitous and their isolation from the
respiratory tract does not always indicate a state of disease [32], the potential for person-
to-person transmission makes identification at the subspecies level mandatory because
of differences in antibiotic susceptibility profiles and treatment outcomes. Additionally,
MABC infections are difficult to treat because these organisms are resistant to conventional
tuberculosis therapies and most antimicrobial agents [33,34].

Future studies will assess the sensitivity of MABC members to disinfectants. Fur-
thermore, the role of antibacterial water system filters in the management of waterborne
diseases is an area for further study. Such filters may eliminate the spread of Legionella, but
less effectively reduce the spread of other bacteria [35].

4. Materials and Methods
4.1. Study Design

One of the hospitals in the Apulia region (Southern Italy) is devoted exclusively to
the care of patients with cancer, in its various forms and stages. To assess their clinical
status, this hospital, equipped with 109 beds, follows a protocol that provides, among other
investigations, microbiological surveillance. In this context, during scheduled daytime
hospital check-up, patients are tested for the presence of fungi, viruses, and bacteria
(including Mycobacterium species). The materials used for testing are samples obtained
using bronchoscopes. After use, the bronchoscopes undergo sanitation protocols including
decontamination in a prewash machine and sterilization with strong disinfectants in a
sterilizer. Bronchoscopy instruments are sanitized in accordance with the ISO 15883–4 [36]
and ISO 14937 [37] standards using a concentrated and water-soluble detergent (containing
protease and isopropyl alcohol) and disinfectant solutions based on acetic acid (1%) and
hydrogen peroxide (1%).

4.2. Detection of Mycobacteria

From 1 December 2020 to 5 January 2021, 10 BL samples were examined from the
same number of patients. These patients were not hospitalized and had no symptoms
of pneumonia.

Prior to testing for mycobacteria, BL samples were pre-treated and homogenized
with N-acetyl-L-cysteine/4% sodium hydroxide/1.47% sodium citrate. Subsequently, sam-
ples were inoculated in both liquid and solid media. Mycobacterium growth-indicator tubes
(BD MGIT-960, BD, Sparks, MD, USA) containing oleic acid/albumin/dextrose/catalase and
polymyxin B/azlocillin/nalidixic acid/antibiotics including trimethoprim (BD; 5.0 mcg/mL)
were used for culture. The decontaminated samples (0.5 mL) were inoculated into the
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culture media. The culture tubes were incubated for 42 days at 37 ◦C. A detector read the
fluorescence that a sensor placed on the bottom of the tubes emitted if stimulated by the
reduction of oxygen arising from bacterial proliferation.

Tubes from Löwenstein–Jensen (BD) were used as a solid medium. Tubes were
inoculated with 0.5 mL of decontaminated samples, incubated for 70 days at 37 ◦C, and
evaluated weekly. The presence of suspected acid-alcohol-fast bacilli was evaluated by
microscopic observation after Ziehl–Neelsen staining.

Finally, an immunochromatographic test (BD MGIT TBc identification test) was used
to evaluate the presence of Mycobacterium tuberculosis. The GenoType Mycobacterium
CM v2.0 kit (HAIN Lifescience GmbH, Nehren, Germany) was used according to the
manufacturer’s instructions to identify NTM.

4.3. Environmental Sampling

To identify the source of NTM, we turned our attention to bronchoscopes and proce-
dures for their washing and disinfection. To this end, we examined water and disinfectant
samples. Investigations were performed in a room dedicated to procedures for sanitation
and sterilization of bronchoscopy instruments. To assess the effectiveness of all the steps in
the reclamation procedures, the decontamination and disinfection processes were simulated
using a bronchoscope that has been disinfected and sterilized according to the protocol in
the hospital.

In total, 34 samples were collected: six drinking water samples (including four from
taps without filtering systems used for prewashing and two from taps with filtering systems
to purify water before entering the sterilizer), nine prewashing solutions, five sterilization
solutions, nine samples of detergents and disinfectants from different production lots, and
five samples of sterile physiologic solution passed into sterile bronchoscopes.

For the water supply investigation, cold water was allowed to flow for 3 min before
sampling [38] after disinfecting the taps with 10% sodium hypochlorite solution followed
by flaming. Water (1 L) was collected in sterile containers containing sodium thiosulfate
pentahydrate (0.01% w/v), transported at a controlled temperature (4 ◦C), and analysed
within 48 h. Each sample was filtered through a cellulose membrane (Ø 47 mm) with a
pore size of 0.45 µm (Millipore, Milan, Italy). This membrane was suspended in 10 mL
of the same water, vortexed, and assessed for the presence of MABC. Each concentrated
sample (5 mL) was treated with N-acetyl-L-cysteine/4% sodium hydroxide/1.47% sodium
citrate (1:1) to eliminate environmental bacteria. Subsequently, the sample was centrifuged
at 13,000× g for 15 min. The supernatants were removed and 0.5 mL of the remaining
suspensions were inoculated on both liquid and solid media and incubated as described
above. The presence of MABC was evaluated by microscopic observation of acid-alcohol-
fast bacilli after Ziehl–Neelsen staining followed by hybridization using the GenoType
Mycobacterium CM v2.0 kit (HAIN Lifescience GmbH).

Disinfectants and detergents employed in bronchoscope remediation processes were
also investigated. Each sample (100 mL) was centrifuged at 13,000× g for 15 min and the
supernatant was removed. Because of the small pellets obtained, the samples were inocu-
lated in both liquid and solid medium without previous decontamination and processed in
the same manner as the water samples.

5. Conclusions

Our study highlights the importance of evaluating cleaning and disinfection proce-
dures for endoscope channels. To reduce the potential spread of microorganisms, hospital
infection committees should implement timely interventions for tracing sources of infection
and should constantly update infection control and prevention measures. Assessing the
presence of biofilms within endoscopes should be a priority in disinfection procedures.

Monitoring of all medical devices that could be potential sources of infection, including
gastrointestinal endoscopes, eye contact instruments, and heater–cooler units for cardiac
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surgery, should be included in hospital infection prevention programs. Such interventions
would reduce the need for medical treatment and its economic impact.
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