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OVERVIEW

Where do NTM that cause 
disease come from? 

How do we know which 
ones cause infection?

How do humans get 
infected?

What can we do to reduce 
infection?



NTM IN THE ENVIRONMENT

• > 200 species of nontuberculous mycobacteria; ubiquitous in the environment. 

• Household and hospital tap water, bathrooms, potting soil, and garden soil are infection 
sources identified by matching genotypic profiles of clinical and environmental isolates.

Although direct and indirect exposure to pathogens in the air
can occur by other means, infections from the inhalation and
retention, including translocation and ingestion after inhalation
of droplet nuclei, are generally regarded as true airborne spread.
Aerosols of various sizes that contain infectious agents can be
emitted from a variety of sources, such as infected or colonized
individuals16 or flushing toilets, andmay expose susceptible persons
either directly (droplet transmission) or by remaining suspended
in the air for inhalation (airborne transmission).17,18 Contrary to
the conventionally held belief, modeling work has redefined the
Wells evaporation-falling curve,19,20 revealing that expelled large
droplets could be carried >6 m away by exhaled air at a velocity of
50 m/s (sneezing), >2 m away at a velocity of 10 m/s (coughing),
and <1 m away at a velocity of 1 m/s (breathing), leading to
potential transmission of short-range infectious agents that contain
aerosols.21

Airborne transmission requires that pathogens survive the process
of aerosolization and persist in the air long enough to be transmit-
ted to a susceptible host.22 Aerosolized pathogens may settle onto
environmental surfaces in the immediate vicinity, leading to genesis
of secondary vehicles (Fig 1).23 This review provides current infor-
mation on the spread of human pathogens by indoor air, with a focus
on the major classes of human pathogens from experimental and
field studies, and on emerging air decontamination technologies,
including test protocols developed to assess their performance under
field-relevant conditions.

METHODS FOR STUDYING AIRBORNE HUMAN PATHOGENS

The study of aerosolized human pathogens requires the ability
to produce them experimentally at the appropriate size, store
them, and sample them for residual infectious content over a
predetermined time period.13 The equipment must also simulate
naturally occurring environmental conditions and the duration of
exposure to accurately assess aerosol survivability.24 Various

analytical methods and air samplers have been used to character-
ize airborne pathogens and overcome the challenges of collecting
and analyzing them. Relevant studies have been reviewed in
detail elsewhere.13,25,26

ENVIRONMENTAL FACTORS THAT INFLUENCE AIRBORNE
MICROBIAL SURVIVAL

Aerosolized microbes must survive the prevailing environmen-
tal conditions to potentially infect a susceptible host.22 Multiple
factors affect airborne survival of microbes indoors (Table 1).13,31 The
effect of these factors on different types of microbes varies, and gen-
eralizations can be difficult because of differences in the experimental
methodologies used.27 Air temperature, relative humidity (RH), and
turbulence are among the more important factors affecting the fate
and spread of infectious agents indoors.

The analysis of air samples for microbes now includes methods
that are based on the polymerase chain reaction (PCR). However,
PCR-based methods typically cannot differentiate between viable
and nonviable microbes.32 A recent study found that PCR substan-
tially overestimated the quantity of infectious airborne influenza
virus, but the differences in infectious versus noninfectious virus
over time were similar to data from quantification by plaque-
forming units, which determined that virus losses were evident
within 30-60 minutes postaerosolization.32 Generally, enveloped
viruses survive better at lower RH, but there are many exceptions.28

Other factors that affect aerosol activation in relation to RH include
evaporative activity (ie, dehydration, rehydration), surface areas of
particles, and pH.28

AIRBORNE SPREAD OF MAJOR CLASSES OF HUMAN PATHOGENS

Although studies with experimental animals have determined
the susceptibility to airborne pathogens and the minimal infec-
tive inhalation dose of a given pathogen,25 there are wide variations

Fig 1. Sources of airborne pathogens indoors and potential for environmental surface contamination. These sources may include humans; pets; plants; plumbing systems,
such as operational toilets and shower heads; heating, ventilation, vacuuming, mopping, and air-conditioning systems; resuspension of settled dust; and outdoor air. The
yellow and red dots represent human pathogens or harmless microorganisms. Adapted with permission from BioMed Central.23
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WATER – EVIDENCE?

• Wide variety of NTM species identified in water 
samples – not all associated with disease

• Genotyping to match patient with water isolates

• Household/municipal water systems - M. avium, 
M. abscessus, M. kansasii, M. lentiflavum

• Hospital water - M. porcinum, M. avium, M. 
abscessus, M. fortuitum, M. chimaera

- not M. intracellulare

Strategies
• no formal studies of any 

intervention to reduce NTM 
exposure 

• However, these studies are 
difficult to conduct, and 
common sense should prevail. 

• Main role - reduce the chance 
of reinfection with NTM after 
successful treatment. 

• Any intervention that is 
simple, cost effective and easy 
to implement, that has some 
evidence base in theory 
should be considered. Evidence ?



GENOTYPIC MATCHING OF CLINICAL 
AND ENVIRONMENTAL ISOLATES

Figure'6'2:"Combined"P15"and"P17"examples"demonstra6ng"similari6es"between"clinical"and"water"isolates."
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Mycobacterium abscessus isolated from municipal
water - a potential source of human infection
Rachel Thomson1*, Carla Tolson2, Hanna Sidjabat3, Flavia Huygens4 and Megan Hargreaves5

Abstract

Background: Mycobacterium abscessus is a rapidly growing mycobacterium responsible for progressive pulmonary
disease, soft tissue and wound infections. The incidence of disease due to M. abscessus has been increasing in
Queensland. In a study of Brisbane drinking water, M. abscessus was isolated from ten different locations.
The aim of this study was to compare genotypically the M. abscessus isolates obtained from water to those
obtained from human clinical specimens.

Methods: Between 2007 and 2009, eleven isolates confirmed as M. abscessus were recovered from potable water,
one strain was isolated from a rainwater tank and another from a swimming pool and two from domestic taps.
Seventy-four clinical isolates referred during the same time period were available for comparison using rep-PCR
strain typing (Diversilab).

Results: The drinking water isolates formed two clusters with ≥97% genetic similarity (Water patterns 1 and 2). The
tankwater isolate (WP4), one municipal water isolate (WP3) and the pool isolate (WP5) were distinctly different.
Patient isolates formed clusters with all of the water isolates except for WP3. Further patient isolates were unrelated
to the water isolates.

Conclusion: The high degree of similarity between strains of M. abscessus from potable water and strains causing
infection in humans from the same geographical area, strengthens the possibility that drinking water may be the
source of infection in these patients.

Background
Nontuberculous mycobacteria are environmental organ-
isms that can cause progressive lung disease in suscep-
tible patients. M. abscessus is a significant problem as it
is highly resistant to antimicrobial agents and usually
requires prolonged treatment (>six months) with intra-
venous and oral antibiotics in combination [1-3]. The in-
fection is often relentless despite treatment, and even if
treatment is apparently effective, relapse is common.
Rapidly growing mycobacteria such as M. abscessus are
also well documented causes of skin and soft tissue in-
fections, especially complicating surgical procedures and
injection sites [4].
Water is an important environmental reservoir of

mycobacteria causing human disease [5-7]. Humans are
exposed to waterborne mycobacteria through drinking,

swimming and bathing. Also aerosols generated during
these activities may be inhaled, [8] potentially resulting
in disease. There is a recognized association between
pulmonary infection with rapid growing mycobacteria
[9,10] (M. abscessus and M. fortuitum) and esophageal
disorders. It is possible that patients acquire infection by
aspirating contaminated water [11]. Outbreak investiga-
tions have identified M. abscessus in hospital water, dia-
lysis [12,13] and surgical equipment and endoscopy
cleaning equipment [14,15]. In many of these instances
it is not clear whether the source of these outbreaks was
an infected patient or water.
The taxonomy of Mycobacterium abscessus has been a

topic of debate in the literature. M. massiliense and M.
bolletii cannot be separated from M. abscessus on the
basis of extensive phenotypic analysis and genotypic
studies have lead to the proposition that the three taxa
represent a single species with internal variability [16].
Strain variation amongst species of mycobacteria is well
known and Pulsed Field Gel Electrophoresis (PFGE) has
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W H AT ' S  I N  YO U R  
P I P E S ?

• NTM organisms are many times more 
resistant to chlorine, chloramine, chlorine 
dioxide and ozone than other water 
borne micro-organisms such as E. coli. 

• disinfection may contribute in part to 
the persistence of NTM, as competition 
for growth is lacking. 

• significantly higher mycobacterial 
numbers in distribution samples (average 
25000 fold) than those collected 
immediately downstream from treatment 
plant



NTM SURVIVE WITHIN AMOEBAE

A,B  Acanthomoeba spp
C,D Protacanthomoeba bohemica
E. F   Vermamoeba vermiformis

Delafont Environ Sci Technol 2014

• vehicle for replication and transmission
• enhanced virulence



RELEASE FROM BIOFILMS 

• Transient pressure events 

• Rapid changes in water flow rate –
increase the concentrations of 
bacteria in water. 

• This occurs when we turn taps on 
and off 

• Greater in smaller diameter pipes 



POINT OF USE CONNECTIONS 

• POU connections and treatment devices promote biofilm 
formation, and amplify numbers of mycobacteria. 

• In fridge water dispensers – high concentrations of NTM



ASPIRATION

• Several studies associating NTM disease with GERD

• Deposition of relatively few mycobacteria can infect 
the host – from 2 to 3 bacteria, up to 50

• Aspiration of upper respiratory tract bacteria into 
the lungs -⍨ 50% of normal hosts during sleep

• 15.5% patients with MAC aspiration was a clinical 
problem  

Thomson Chest 2007, 131, 1166 - 1172.



• 31 pts undergoing bronchoscopy for suspected NTM
• 9 control patients 

• Patients drank 45ml of FD&C Blue#1 mixed with 
200ml tap water the night prior to bronchoscopy

• Blue dye staining: 93.8% pts with confirmed MAC 
infection, 91.7% with CT changes of nodular BE (vs 
11.3% controls)

• Areas of abnormality on CT correlated with blue-
stained airways in all MAC positive and 91% of MAC neg 
with Nodular BE changes 

Landy ATS 2019
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Abstract Title: Bronchoscopic Detection of Aspiration in Patients with Mycobacterium Avium Complex Pulmonary Infection
Abstract: Rationale: To investigate whether gastroesophageal reflux and aspiration play a role in the pathogenesis of Mycobacterium

avium complex (MAC) pulmonary infection.
Methods: Study subjects included 31 patients undergoing bronchoscopy to investigate suspected MAC infection and 9
control subjects undergoing bronchoscopy for alternative reasons (ILD, sarcoidosis, etc.). Patients drank 45mL of FD&C
Blue #1 mixed with 200mL of tap water the night prior to bronchoscopy. During bronchoscopy, the bronchial mucosa was
inspected for the presence of blue dye staining. Bronchoalveolar lavage (BAL) fluid samples were obtained from the most
affected segments on CT scan and were cultured for presence of MAC and assayed for pepsin levels. Gastric aspirate
samples were obtained for mycobacterial culture.
Results: 93.8% of patients with confirmed pulmonary MAC infection and 91.7% of patients with CT scan abnormalities of
nodular bronchiectasis but negative AFB cultures had blue dye staining of the bronchial mucosa vs. 11.3% of control
patients. Areas of abnormality on CT correlated with airways demonstrating blue staining by bronchoscopy in 100% of MAC
positive patients and 90.9% of AFB negative patients with nodular bronchiectasis. MAC positive patients had significantly
higher median pepsin levels when compared to combined MAC negative patients (CT abnormality and true control groups),
5.4 ng/mL vs. 3.4 ng/mL (p = 0.019). There was no significant difference between age, supraglottic index, reflux symptoms,
or PPI use when comparing MAC positive vs. MAC negative patients. 35.7% of patients with growth of MAC on BAL also had
growth of MAC in the gastric aspirate.
Conclusions: 93.8% of patients with pulmonary MAC infection had evidence of aspiration confirmed bronchoscopically by
presence of blue dye staining the bronchial mucosa. Pepsin levels in the BAL fluid were also significantly higher in MAC
positive patients compared to MAC negative patients. 35.7% of patients with MAC growth on respiratory cultures also had
evidence of MAC in the stomach, likely an underestimate as gastric aspirate cultures require decontamination measures to
reduce numbers of faster growing bacteria. We hypothesize that in most patients, reflux and aspiration of gastric contents
into the airways results in airway injury with modulation of the host immune response, creating a favored environment for
mycobacterial persistence in the respiratory tract. The novel method introduced in this study of drinking blue dye the
evening prior to bronchoscopy may be a valuable addition to the standard bronchoscopic evaluation of infectious and
inflammatory lung diseases in which aspiration may play a role. 

cOASIS, The Online Abstract Submission and Invitation SystemSM ©1996-2018, CTI Meeting Technology



BIOAEROSOLS

• Bioaerosol – aerosol containing microbes

• Mycobacteria can be aerosolized from 
natural waters and transferred from 
seawater to air by natural processes. 

• Aerosolisation-1000 fold increase in 
the numbers of viable mycobacterial cells 
per ml of water 

• Mycobacteria in natural aerosols found in 
particles and droplets of a respirable
size (ie <5μm)

NTM in Aerosols

>5um 0-5um 1-1.5um

• Aerodynamic particle size of NTM between 0.5-5 micrometers in diameter
• Penetration into the respiratory tract increases with decreasing particle 

size Thomson et al J Clin Microbiol.  2013
Paterson 1986
Brown et al 1950
Wells 1955



AEROSOLS

• Hypersensitivity pneumonitis – use of hot tubs, 
M. avium

• reported in lifeguards and pool attendants, who 
worked in an indoor swimming pool that 
featured waterfalls and sprays.

• following disinfection of metalworking fluid  M. 
immunogenum

App Env Micro 2004;70:4906-10



SHOWERHEADS

• Culture-independent technology (rRNA gene sequences)

• Sequences representative of nontuberculous mycobacteria (NTM) 
and other opportunistic human pathogens are enriched to high 
levels in many showerhead biofilms, >100-fold above background 
water contents. 

Feazel PNAS 2009, 106, 16393-16399.

•NTM grown from shower aerosols: M. avium, M. abscessus, M. kansasii



BIOAEROSOL GENERATION BY RAINDROPS ON SOIL 

• after a rainfall - rapid increase of 
bioaerosol concentration in the air 

• hundreds of aerosols are generated 
from a single raindrop within a few 
microseconds

• Bioaerosols transported by wind to 
other places much faster than other 
modes of transfer such as diffusion 
through soil.

B ioaerosols play an important role in climate change, human
health and agricultural productivity1–5. In the atmosphere,
bioaerosols can influence on the global climate, promoting

cloud formation and ice nucleation even though their fraction is
relatively small compared to all the atmospheric aerosols6–10. On
the ground, bioaerosols can change micro-biogeography faster
than many other transport mechanisms11,12. Because bioaerosols
can lead to dispersion of biological contaminants over long
distances relative to terrestrial transport mechanisms13,14, they
significantly affect changes in biodiversity and ecology as well
as the propagation of biological pollutants10,15. Furthermore,
bioaerosols can be effective carriers of pathogenic organisms to
plants, animals and humans, resulting in the spread of disease4,16.
To date, aerosols generated at water/air interfaces are considered
one of the main mechanisms for transferring microbes to the
environment17–20. While it has been generally accepted that
soil can serve as an intermediate home for pathogens before
they transfer to their hosts, it is not clear where and how the
microbes in the soil transfer from their original habitats to the
atmosphere21–25. Considering that most microbes prefer aqueous
environments to survive, it is still a mystery to explain how viable
soil-based microbes spread much further and faster than would
be expected through the air1,26,27. Futhermore, even though we
know that after a rainfall there is a rapid increase of bioaerosol
concentration in the air, we have not explained the wide spread of
microbes with the transfer modes discovered to date9,28,29.

In this work, aerosols represent small water droplets suspended
in the air; in particular, bioaerosols are defined as aerosols
containing microbes. Recently, we discovered a new mechanism
of aerosol generation by raindrops hitting soil30 (Fig. 1a–d).
We demonstrated that when a raindrop hits soils, small bubbles

are formed inside the raindrop and then small droplets eject
when the bubbles burst at the air/raindrop interface. Depending
on soil wetting-properties and raindrop impact speed, the amount
of aerosols varies. Interestingly, for particular wetting conditions
and impact speeds, hundreds of aerosols are generated from a
single raindrop within a few microseconds (Supplementary
Movie 1). On soils with wetting properties similar to sandy-clay
and clay soils, most aerosols are generated when raindrops fall
at velocities corresponding to light and moderate rain30.
Furthermore, we have shown that fluorescent dyes permeated
in the soil can be dispersed by aerosols30. Based on our findings,
under actual field conditions, it was demonstrated that organic
materials can be transferred though aerosols generated by
raindrops31. Our previous work explained the physics of aerosol
generation (aerosolization) from soil; however, we still need to
understand if and how bacteria in soil are transferred through the
aerosolization process.

Here, we illuminate a previously unexplored mechanism that
transfers bacteria from soil to air through aerosols. We first
develop a visualization method for characterization of aerosols
containing bacteria. Using the method, we quantitatively examine
the effects of bacterial surface concentration, soil composition,
raindrop impact speed, and surface temperature to identify trends
in bacteria transfer from soil to air. We also verify that bacteria
can indeed survive after the aerosolization process. Finally,
we estimate the global transfer rate of soil bacteria by rainfall.

Results
Visualization of aerosols containing soil bacteria. In this work
we show that soil-borne bacteria can be transferred from soil to

Raindrop

Aerosols

Sampling plate

Bacteria

Bacteria

Bacteria

Soil

Aerosol Aerosol

Raindrop

Falling hole

Aerosol

Raindrop
hitting on soil

Soil with
bacteria

t = 0 ms t = 31 ms t = 423 msa b c d

e f

g

h

Figure 1 | Bioaerosol generation by raindrops. (a–d) Aerosols generated by drop impingement on a reference surface, which maximized the aerosol
generation (a TLC plate (TLC-C) in Table 1). The TLC plates served as an ideal soil-like surface. The white lines are the trajectories of aerosols ejected from
the initial droplet after impact over a period of 400 ms. Due to air flow above the droplet, the trajectories of the ejected aerosols are curved. The scale bars
indicate 1 mm. For more details, see Supplementary Movie 1. (e) Schematic illustration of the experimental procedure for drop impingement on soil and
aerosol collection. (f) Confocal microscopy images of C. glutamicum on the surface of clay soil with the cell density of 250 cells mm! 2. (g,h) Fluorescent
microscopy images of aerosols generated by drop impingement on clay soil pre-permeated with C. glutamicum. The red circles and the yellow dots indicate
aerosols and C. glutamicum, respectively. The scale bars indicate 200, 50 and 25mm in f–h, respectively.
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Aerosolized microorganisms may play an important role in climate change, disease

transmission, water and soil contaminants, and geographic migration of microbes. While it is

known that bioaerosols are generated when bubbles break on the surface of water containing

microbes, it is largely unclear how viable soil-based microbes are transferred to the

atmosphere. Here we report a previously unknown mechanism by which rain disperses

soil bacteria into the air. Bubbles, tens of micrometres in size, formed inside the raindrops

disperse micro-droplets containing soil bacteria during raindrop impingement. A single

raindrop can transfer 0.01% of bacteria on the soil surface and the bacteria can survive more

than one hour after the aerosol generation process. This work further reveals that bacteria

transfer by rain is highly dependent on the regional soil profile and climate conditions.
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MACM. intracellulare

M. avium

M. chimaera

M. colombiense

M. arosiense
M. boucherdurhonense

M. marseillense

M. timonense

M. vulneris

Genotyping of Mycobacterium avium complex organisms using multispacer sequence typing
Caroline Cayrou, Christine Turenne, Marcel A. Behr and Michel Drancourt Microbiology (2010), 156, 687–694

Absence of Mycobacterium intracellulare and Presence of
Mycobacterium chimaera in Household Water and Biofilm Samples of
Patients in the United States with Mycobacterium avium Complex
Respiratory Disease

Richard J. Wallace, Jr.,a Elena Iakhiaeva,a Myra D. Williams,b Barbara A. Brown-Elliott,a Sruthi Vasireddy,a Ravikiran Vasireddy,a

Leah Lande,c,d Donald D. Peterson,c,d Janet Sawicki,d Rebecca Kwait,c Wellington S. Tichenor,e Christine Turenne,f

Joseph O. Falkinham IIIb

Mycobacteria/Nocardia Research Laboratory, The University of Texas Health Science Center at Tyler, Tyler, Texas, USAa; Department of Biological Sciences, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, USAb; Pulmonary and Critical Care Division, Lankenau Hospital, Wynnewood, Pennsylvania, USAc; Lankenau
Institute for Medical Research, Wynnewood, Pennsylvania, USAd; 642 Park Avenue, New York, New York, USAe; Saskatchewan Disease Control Laboratory, Regina,
Saskatchewan, Canadaf

Recent studies have shown that respiratory isolates from pulmonary disease patients and household water/biofilm isolates of
Mycobacterium avium could be matched by DNA fingerprinting. To determine if this is true for Mycobacterium intracellulare,
household water sources for 36 patients with Mycobacterium avium complex (MAC) lung disease were evaluated. MAC house-
hold water isolates from three published studies that included 37 additional MAC respiratory disease patients were also evalu-
ated. Species identification was done initially using nonsequencing methods with confirmation by internal transcribed spacer
(ITS) and/or partial 16S rRNA gene sequencing. M. intracellulare was identified by nonsequencing methods in 54 respiratory
cultures and 41 household water/biofilm samples. By ITS sequencing, 49 (90.7%) respiratory isolates were M. intracellulare and
4 (7.4%) were Mycobacterium chimaera. In contrast, 30 (73%) household water samples were M. chimaera, 8 (20%) were other
MAC X species (i.e., isolates positive with a MAC probe but negative with species-specific M. avium and M. intracellulare
probes), and 3 (7%) were M. avium; none were M. intracellulare. In comparison, M. avium was recovered from 141 water/bio-
film samples. These results indicate that M. intracellulare lung disease in the United States is acquired from environmental
sources other than household water. Nonsequencing methods for identification of nontuberculous mycobacteria (including
those of the MAC) might fail to distinguish closely related species (such as M. intracellulare and M. chimaera). This is the first
report of M. chimaera recovery from household water. The study underscores the importance of taxonomy and distinguishing
the many species and subspecies of the MAC.

Previous studies have suggested household water (especially
from bathroom showers) as a source of the Mycobacterium

avium complex (MAC), which causes chronic lung disease (1, 2, 3,
4, 5). Both M. avium and M. intracellulare have been recovered
from sputum, sinus, and household or potable water samples in
multiple countries, including the United States and Japan (1, 4–8).
In the majority of these studies, either hybridization probe meth-
ods (AccuProbe; Hologic Gen-Probe, Inc., San Diego, CA) or a
multiplex 16S rRNA gene PCR was used for identification (1, 5, 9,
10). Isolates positive with the MAC probe but negative with the
species-specific M. avium and M. intracellulare probes are collec-
tively referred to as MAC X species.

Currently, the M. avium complex includes four M. avium sub-
species (M. avium subsp. avium, M. avium subsp. hominissuis, M.
avium subsp. silvaticum, and M. avium subsp. paratuberculosis)
(11, 12) and eight species (M. avium, M. intracellulare, M. marseil-
lense [13], M. timonense [13], M. bouchedurhonense [13], M. co-
lombiense [14], M. vulneris [15], and M. chimaera [16]). The last of
these species (M. chimaera) was first reported in 2004 by Tortoli et
al., who described 12 isolates of a slowly growing species closely
related to M. intracellulare and recovered from respiratory sam-
ples in Italy, including some from patients with definite lung in-
fection (16). The new species differed by only 1 bp at position 450
in the entire 16S rRNA gene sequence of M. intracellulare but had
a very different 16S to 23S internal transcribed spacer (ITS) region

sequence (16). Tortoli and coauthors named this new species M.
chimaera, as it included characteristics of several species and mas-
queraded as M. intracellulare (16).

We recently completed a study of variable-number tandem-
repeat (VNTR) typing of clinical isolates of M. intracellulare using
ITS sequencing to confirm the species designation (7). We then
began household water biofilm studies for some of our patients
and performed species identification and VNTR genotyping for
MAC isolates as needed.

Preliminary studies suggested that respiratory isolates of M.
intracellulare indeed belonged to that species based on ITS se-
quencing (7) but that biofilm isolates thought to be M. intracellu-
lare were actually M. chimaera (R. J. Wallace, Jr., unpublished
observation). We then expanded the household study to reassess
water and biofilm isolates from three additional published studies

Received 7 February 2013 Returned for modification 4 March 2013
Accepted 19 March 2013

Published ahead of print 27 March 2013

Address correspondence to Richard J. Wallace, Jr., richard.wallace@uthct.edu.

Copyright © 2013, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JCM.00186-13

June 2013 Volume 51 Number 6 Journal of Clinical Microbiology p. 1747–1752 jcm.asm.org 1747



De Groote, M. A. et al. 2006. Appl. Environ. Microbiol. 72(12):7602-7606

VNTR genotyping and phylogenetic analysis of MAC

Forty-four MATR-VNTR patterns were identified in the 47

M. avium clinical isolates examined. Three MATR-VNTR

clusters were found in six case patients, (MA29P and

MA84P, MA76P and MA92P, MA86P and MA107P). M. avi-

um strains were recovered from soil samples for 19 case

patients and eight controls. For eight case patients and six

controls, two strains with different MATR-VNTR allele pro-

files were identified from the same soil sample. The M. avi-

um soil isolates were diverse, with 26 MATR-VNTR

patterns for 27 soil isolates from case patients, and each of

14 soil isolates from controls. Despite this diversity, five

pairs of clinical isolates and corresponding soil isolates

showed identical MATR-VNTR patterns (MA26P and

MA26Sca, MA62P and MA62-2Sca, MA73P and MA73Sca,

MA76P and MA76-2Sca, MA90P and MA90-2Sca; 5/45

(11.1%) of M. avium clinical isolates). Three clinical isolates

had identical MATR-VNTR patterns to unrelated soil iso-

lates (MA49P, MA76-1Sca and MA127-1Sca, MA92P and

MA76-2Sca, MA123P and MA64-1Sco). In total, 78 different

MATR-VNTR allele profiles were found in 88 M. avium iso-

lates (20 clustered isolates and 68 unique isolates; HGDI,

0.997) and did not include distinct major clusters for clinical

or soil isolates (Figure S1). This diversity makes it unlikely

that a given genotype found in residential soil is more likely

to be associated with disease.

All 18 M. intracellulare clinical isolates had different MITR-

VNTR patterns. M. intracellulare soil isolates were recovered

from the residences of 21 case patients and six controls.

Two strains from the same soil sample with different MITR-

VNTR profiles were identified in five case patients and five

controls. Twenty-five MITR-VNTR patterns for 26 soil iso-

lates from case patients and each of 11 soil isolates from

controls were identified. One paired clinical isolate and soil

isolate had an identical MITR-VNTR pattern (MI132P and
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lates; HGDI, 0.999) and no distinct major clusters were

observed for clinical or soil isolates (Figure S2). Both M. avi-

um and M. intracellulare soil isolates (MA34Sca and MI34Sca)

TABLE 1. Recovery of MAC strains from soil samples from the residences of patients with and without pulmonary MAC dis-

ease

Species isolated
from soil

Case Control

p value
Farm
(n = 6)

Yard
(n = 58)

Pot
(n = 36)

Total
(n = 100)

Farm
(n = 1)

Yard
(n = 21)

Pot
(n = 13)

Total
(n = 35)

MAC 5 (83.3) 29 (50.0)a 16 (44.4)a 50 (50.0) 0 (0.0) 11 (52.3)b 5 (38.5)b 16 (45.7) 0.66
M. avium 3 (50.0)c 16 (27.6)c 9 (24.3) 28 (28.0) 0 (0.0) 6 (28.6) 4 (30.8) 10 (28.6) 0.71
M. intracellulare 2 (33.3)d 17 (29.3) 8 (22.2) 27 (27.0) 0 (0.0) 7 (33.3) 2 (15.4) 9 (25.7) 0.54

Data show number (%) of samples positive for MAC strains. p values were calculated between total isolates from case and control patients.
aBoth M. avium and M. intracellulare strains were detected in four residential yard soil samples and one planting pot soil sample from case patients.
bBoth M. avium and M. intracellulare strains were detected in two residential yard soil samples and one pot soil sample from control patients.
cOne identical pair of MATR-VNTR genotypes was detected in one agricultural farm soil sample and four identical pairs of MATR-VNTR genotypes were detected in residen-
tial yard soil samples.
dOne identical pair of MITR-VNTR genotypes was detected in one agricultural farm soil sample.

TABLE 2. Recovery of MAC strains from soil samples from

the residences of pulmonary MAC patients

Species
isolated
from soil

Mycobacterial species isolated from pulmo-
nary MAC patients

p value

M. avium
(n = 67)

M. intracellulare
(n = 26)

M. avium +
M. intracellulare
(n = 7)

MAC 36 (53.7)a 10 (38.5)a 4 (57.1) 0.38
M. avium 23 (34.3) 4 (15.4) 1 (14.3) 0.19
M. intracellulare 17 (25.3) 7 (26.9) 3 (42.9) 0.36

Data show number (%) of samples positive for MAC strains.
aBoth M. avium and M. intracellulare were detected in four soil samples from the
residences of patients infected with M. avium and in one soil sample from the
residence of a patient infected with M. intracellulare.

TABLE 3. Recovery of MAC strains from soil samples in

pulmonary MAC patients stratified by intensity of soil expo-

sure

Species
isolated
from soil

Intensity of soil exposure

p valueHigh (n = 34) Low (n = 22) No (n = 44)

MAC 20 (58.8)a 10 (45.5) 20 (45.5)a 0.45
M. avium 11 (32.4)b 7 (31.8) 10 (22.7) 0.29
M. intracellulare 11 (32.4)b 3 (13.6) 13 (29.5) 0.52

Data show number (%) of samples positive for MAC strains. High and low soil
exposure were defined as ‡2 h per week and <2 h per week, respectively.
aBoth M. avium and M. intracellulare strains were detected in two soil samples
from the residences of patients with high exposure and three soil samples from
the residences of patients without exposure.
bFive identical pairs of MATR-VNTR genotypes and one identical pair of MITR-
VNTR genotypes were detected in patients with high exposure.
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At least 3 studies that have correlated soil exposure with NTM risk

NTM grown from aerosols generated by pouring of potting mix and 
soil samples from patient homes (not speciated)



TABLE 2. Univariate predictors of Mycobacterium avium complex infection in 332 residents of western
Palm Beach County, Florida, with determinate skin test reactions, 1998–2000

Predictor
MaS* positive
(N ¼ 147)

MaS negative
(N ¼ 186)

Prevalence
(%)

OR* 95% CI* p value

Demographics

Male gender 70/147 52/186 57.4 2.3 1.5, 3.7 <0.01

Race

White 8/146 42/185 16.0 1.0

Black 104/146 82/185 55.9 6.7 3.0, 15.0 <0.01

Hispanic 34/146 61/185 36.8 2.9 1.2, 6.9 0.01

Age (years)

1–10 6/147 33/186 15.4 1.0

11–20 27/147 33/186 45.0 4.5 1.6, 12.3 <0.01

21–30 28/147 33/186 45.9 4.7 1.7, 12.7 <0.01

31–40 29/147 22/186 56.9 7.2 2.6, 20.3 <0.01

41–50 28/147 17/186 62.2 9.1 3.1, 26.1 <0.01

51–60 16/147 17/186 48.5 5.2 1.7, 15.6 <0.01

"61 13/147 31/186 29.6 2.3 0.8, 6.8 0.13

Foreign born 48/147 42/186 53.3 1.7 1.0, 2.7 0.04

Less than a high
school educationy 78/138 71/150 52.4 1.4 0.9, 2.3 0.12

Annual income <$10,000y 61/144 71/181 46.2 1.1 0.7, 1.8 0.57

Soil exposure

Soil occupation, any 94/147 83/186 53.1 2.2 1.4, 3.4 <0.01

None 53/147 103/186 34.0 1.0

Farm planting, everz 55/146 41/185 57.3 2.6 1.5, 4.4 <0.01

Farm truck driver, every,z 33/139 25/172 56.9 2.6 1.4, 4.8 <0.01

Lawn/landscape service, everz 34/146 28/186 54.8 2.4 1.3, 4.3 <0.01

Other soil occupations, everz 33/145 26/185 55.9 2.5 1.3, 4.5 <0.01

Water exposures

Shower/bath >once/day 59/147 63/186 48.4 1.3 0.8, 2.0 0.24

Does dishes by hand >once/day 42/123 56/145 42.9 0.8 0.5, 1.4 0.45

Drinks bottled water >once/day 28/136 38/163 42.4 0.9 0.5, 1.5 0.57

Ever swims, any 107/147 145/186 42.5 0.8 0.5, 1.6 0.28

Ever, pool 73/141 109/183 40.1 0.7 0.5, 1.1 0.16

Ever, lake 31/138 48/179 39.2 0.8 0.5, 1.6 0.37

Ever, ocean 91/144 119/181 43.3 0.9 0.6, 1.4 0.63

Food exposures

Consumes hard cheese 113/147 148/185 43.3 0.8 0.5, 1.4 0.49

Consumes soft cheese 85/147 98/186 46.5 1.2 0.8, 1.9 0.35

Consumes Cuban cheese 22/147 32/186 40.7 0.8 0.5, 1.5 0.58

Consumed raw milk, ever 40/146 47/186 46.0 1.1 0.7, 1.8 0.66

Other exposures

Eaten clay/chalk, ever 34/147 32/186 51.5 1.4 0.8, 2.5 0.18

Cared for a pet (dog, cat, or bird) 44/147 71/186 38.3 0.7 0.4, 1.1 0.12

Dog 37/147 51/186 42.0 0.9 0.5, 1.5 0.64

Cat 13/147 33/186 28.3 0.5 0.2, 0.9 0.02

* MaS, Mycobacterium avium sensitin; OR, odds ratio; CI, confidence interval.
y Questions were not asked of pediatric respondents.
z Compared with those reporting no soil-related occupations.
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HOUSE-DUST

Dust particles are commonly suspended 
in the air

120 strains NTM isolated from vacuum 
cleaner dust collected in SE QLD

50 strains of M. intracellulare – 44% 
belonged to serotypes that were 
recognized as disease associated strains

Dawson MJA 1971



NTM IN HOUSE DUST

may occur. The reverse primer and the probe are, however, highly
specific formycobacteria having severalmismatches to the sequences of
these bacteria and this should not be a problem in “real” samples, in
which the concentrations are much lower. Environmental samples are
rich inmicrobes and there is always a risk of false positive results due to
unspecificity of the PCR assay. The risk is bigger if the PCR assay is
designed for a rare species that is present in low amounts, and smaller
with abundant species, such asmycobacteria. The risk can be reducedby
increasing the annealing/extension temperature in the qPCR reaction,
which we tested. Also decreasing the number of PCR cycles to 35 for
example would eliminate unspecific positive results. The risk for false
positive results increases alsowhenmore universal assays are used.We
designed in this work a genus-specific assay for mycobacteria, since
there is little information aboutmycobacterial species present in indoor
environments. Basedonearlierwork (Torvinenet al., 2006)weassumed
that the diversity could be high, which was also proved to be true for
house dust by the cultivation results of this study. The results of the tests
with the SYBR Green assay showed that the SYBR Green assay is not
specific enough, since the melting temperatures obtained with non-
mycobacterial species are in the same range as that of themycobacteria.
Hence, this assay is specific formycobacteria only if TaqManchemistry is
used.

Standard curves were created and amplification efficiencies deter-
mined using the reference strains of two slowly growing and two
rapidly growing species, M. fortuitum, M. mucogenicum, M. avium and
M. nonchromogenicum. All these species were isolated in the indoor
environments in the previous studies (Rautiala et al., 2004; Torvinen et
al., 2006). The slopes of the standard curves of the individual species
varied only marginally and the deduced amplification efficiencies were
over 1.9 for all species. For the calculation of the mycobacterial
concentration in the dust samples, we used a standard curve obtained
from the results of all four species, since it may better estimate the total
concentration of mycobacteria consisting usually of those of several
species present in the environmental samples, as shown also by this
study.

Mycobacteria were found from all house dust samples studied by
both culture and qPCR-method. Mycobacteria are common bacteria
e.g. in soil (Ichiyama et al., 1988; Kirschner et al., 1992; Iivanainen et
al., 1997) and environmentalwaters (Kirschner et al., 1992; Iivanainen
et al., 1993) and their presence also in house dust has for long been
known (Dawson, 1971; Jin et al., 1984; Ichiyama et al., 1988; Kamala et

Table 2
Mycobacterial species isolated from the dust samples. Combined data of the GLC and
16 S rDNA sequence analyses.

Species or groups N %

M. terrae complex
(M. noncromogenicum or M. arupense, M. kumamotonense, and M. terrae)

43 31

M. avium. intracellulare, scrofulaceum complex
(M. colombiense, M. intracellulare, M. avium, andM. scrofulaceum)

38 27

M. gordonae 22 16
M. lentiflavum 7 5
M. triviale 5 4
M. asiaticum 3 2
M. “aquaeductus” 3 2
M. bohemicum 2 1
M. interjectum 2 1
M. malmoense 2 1
M. palustre 1 1
M. “savoniense” 1 1
M. tusciae 1 1
Non-identifiable 10 7

Fig. 4. Phylogenetic tree based on 16S rRNA gene sequences of mycobacterium isolates
from this study and type strains obtained from databases. A consensus tree of 500
bootstrap replicates is displayed. Bootstrap values over 50 are shown. Pseudomonas
aeruginosa Z76651 sequence was used as an outgroup.
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FOMITES –
NON LIVING
CARRIERS OF 
INFECTIOUS 

AGENTS • M. abscessus displays fitness for fomite transmission

• M. abscessus physically associates with particulates

• Growth enhanced in the presence of house dust 

• Survived desiccation for 2 weeks, but not viable after 3 
weeks

FIGURE 2 | Hypothesis for the causes of the steep global increase in pulmonary Mycobacterium avium complex (MAC) diseases. MAC organisms are 
ubiquitous in the environment. Many studies have indicated that these organisms tend to occur in the household. Tap water, bathrooms, potting soil, and garden soil 
are the infection sources identified by matching the genotypic profiles of clinical and environmental isolates. The mycobacterial transmission routes are considered to 
occur naturally through the water distribution system (WDS) to the household. This transmission route may be partially responsible for infection cases, but it cannot 
explain the recent global increase in patients presenting with MAC diseases. This suggests that the transmission of MAC and other non-tuberculous mycobacteria 
organisms are likely to be linked with human activities. Global human mobility and trade may promote the global transmission of MAC via fomites.
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2013 in Paris, France. The cultivable amoebae were recovered from 
174 (69.3%) of 251 water samples, and total DNA at the amoebal 
migration front were extracted from 129 out of 174 samples; 113 
out of 129 samples (87.6%) were positive for mycobacteria. They 
also observed numerous acid-fast bacteria inside amoebae, espe-
cially Acanthamoeba and Protacanthamoeba, using microscopy. 
They screened 42 samples harboring a single amplification for 
amoeba and mycobacterial species identification. Their identi-
fication based on 18S rRNA and rpoB sequencing, respectively, 
revealed the presence of various free-living amoebae, such as 
Vermamoeba vermiformis, Protacanthamoeba bohemica, and 
Acanthamoeba spp. The highest number of identified mycobacte-
rial species were related to Mycobacterium llatzerense (>90%), 
followed by M. chelonae, M. aromaticivorans, M. phocaicum, and 
M. mucogenicum (73).

In the environment, NTM are free-living, but they also live 
in biofilms and inside protozoa, and these three survival styles 
may affect each other. However, MAC and other pathogenic 
NTM species have not been directly identified inside protozoa 
yet. Further investigation of the ecology and interactions among 
NTM survival styles, the mechanism of overcoming competition 
with other fast-growing microbes, including the regulatory sys-
tems that govern them, is needed. These investigations are crucial 
for gaining better understanding of NTM infection mechanisms 
and for developing a strategy to eradicate these pathogens from 
niches and hosts.

INFECTION SOURCES FOR MAC IN THE 
ENVIRONMENT

Respiratory infections are thought to be caused by inhalation of 
contaminated aerosols. It has been shown that aerosolized shower 
water (44) and aerosolized soil (52) contain MAC and other NTM 
organisms. Contaminated aerosols have also been reported to 

be produced by pool surfaces in a hospital therapy pool (74). 
Therefore, NTM niches could be important infection sources. 
The verification of infection sources requires the identification 
of the identical genotype in clinical and environmental isolates. 
Table 2 presents the results of studies in which the clinical and 
environmental isolates had identical genotypes.

In Japan, residential bathrooms of patients with pulmo-
nary MAC disease have been reported to be a niche of MAC, 
as described above (42, 43). To assess the infection sources of 
residential bathrooms, a genotyping comparison was performed 
between environmental and clinical isolates using pulsed-field 
gel electrophoresis (PFGE). In these studies, identical strains of 
M. avium were identified [2/49 (4%) by Nishiuchi et al. (43) and 
7/29 (24%) by Nishiuchi et  al. (42)]. Thus, MAC organisms in 
bathrooms are likely to be transmitted to the users. However, it 
is possible that MAC organisms might migrate from patients to 
their bathrooms. Fujita et  al. (41) examined soil samples from 
100 pulmonary MAC disease patients. Six cases (6%) showed a 
matching profile of VNTR between the clinical and soil isolates 
(41). These patients were exposed frequently to soil (≥2  h per 
week), suggesting that residential soils are a likely source of 
pulmonary MAC infections.

Thomson et al. (44) examined household water and shower 
aerosols of patients with pulmonary NTM disease. They chose 20 
patients who had resided in the same dwelling for greater than 
5 years prior to the diagnosis of NTM disease. They performed a 
repetitive element palindromic PCR, and they obtained identical 
or related properties in four cases (20%). Additionally, NTM were 
detected in aerosols in 9 of 18 homes (44). Tichenor et al. (49) col-
lected household plumbing samples from eight adult outpatients 
who suffered from NTM-infected chronic rhinosinusitis in New 
York, USA. In three cases (37.5%), M. avium strains were isolated 
from households and patients, and they possessed almost identi-
cal profiles according to PFGE (49).

Malcolm 2017 AEM 



FOMITE SPREAD
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Fig. S7 Example of within-hospital Person-to-Person transmission of M. abscessus potentially through fomite 
spread. (A) Timelines (from January 2013) for four CF patients exposed at different times to the same inpatient room 
(grey bar). The index case (Patient 1), who was chronically smear- and culture-positive for M. abscessus, had a 
prolonged admission to the room (2013). The same room was subsequently occupied by Patients 2, 3, and 4 and 
represents the only environment shared with Patient 1 (though never contemporaneously). Each patient subsequently 
became sputum culture-positive for M. abscessus.  The room was subjected to multiple standard cleaning regimens 
(indicated by short blue vertical bars on the time line) involving changing curtains and cleaning walls, floors and all 
surfaces with a combined detergent and chlorine-based product (Actichlor Plus    ). Environmental sampling (at the end 
of Patient 1’s second prolonged admission in 2014, diamonds) using surface swabs before and after standard cleaning, 
detected M abscessus from sinks and surface rails. Subsequent environmental samples after cleaning the room with 
Clinell    wipes, concentrated perchlorate solution (for sink areas), and hydrogen peroxide vapour (HPV; green bar) 
were all negative for  M. abscessus. Patient timelines change from black to red once M. abscessus infection detected. 
(B) All Patient and environmental isolates were identical and part of a global dominant circulating clone (Massiliense 
Cluster 1) and therefore did not originate from the hospital environment. Phylogenetic position of patient and environ-
mental isolates in (A) within Massiliense Cluster 1 indicated by red arrowhead.This single monophyletic clade is repre-
sented as a minimum spanning tree (insert), where the size of each circle represents the number of identical isolates, 
and all had mutational amikacin (16S) and macrolide (23S) resistance, further supporting a patient rather than environ-
mental source for the outbreak.  
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SURVIVAL OF NTM ON SURFACES

• MTB can survive on dry inanimate surfaces 1day- 4mths

3
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Viruses with lipid envelopes
Influenza; HBV; HCV; HIV; RSV; Coronavirus; 
CMV; HSV; Measles, Mumps; Rubella; VZV 
(Varicella-Zoster) Shingles/ Chickenpox
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Survival on Dry Inanimate Surfaces

Kramer A. (A Review) BMC Infect Dis 2006;6:130//(2) Bonilla H F, Zervos M J, Kauffman C A. Infect Control Hosp Epidemiol. 1996;17: 770‐71

Pathogen: Bacteria Survival on Dry Inanimate  Surfaces
(range from studies)

Acinetobacter 3 days to 5 months

Campylobacter jejuni Up to 6 days

Clostridium difficile (spores) 5 months

Escherichia coli 1.5 hours to 16 months

Enterococcus spp. Including VRE and VSE 5 days to 4 months

Haemophilus influenza 12 days

Klebsiella spp. 2 hours to greater than 30 months

Mycobacterium tuberculosis  1 day to 4 months

Proteus vulgaris  1‐2 days

Pseudomonas aeruginosa 6 hours to 16 months; 5 weeks on dry 
floors

Staphylococcus aureus (including MRSA) 7 days to 7  months

Streptococcus pneumoniae 1 to 20 days

Streptococcus pyogenes 3 days to 6.5 months



REDUCING EXPOSURE – WHY?

• Recurrence rates as high as 30-48% after apparently successful 
treatment

• Most recurrences are new infections with a different strain type of 
the same species or a different species

• Many patients with nodular bronchiectasis can have different strains 
present in the airways at the same time, that appear to come and go 
over time

• Prevent new infections in susceptible patients

• Prevent re-infection whilst on treatment and after completion of 
treatment



EVIDENCE

• The exact route of acquisition in the individual patient – e.g dust v shower 
aerosol v soil v aspiration 

• How much exposure is necessary- i.e. what dose of organism is needed?

• Single vs repetitive exposures

• Impact of climate and industry on background environmental levels of 
NTM

• No formal studies of any intervention to reduce NTM exposure

• These studies are difficult to conduct and common sense should prevail

• Any intervention that is simple, cost effective and and easy to implement 
and that has some evidence base in theory should be considered



FLUSHING OF TAPS

• Stagnation of water in pipes leading to taps that 
are infrequently used has been shown to 
increase NTM in ‘first catch’ samples

• Can simply be overnight stagnation

• For taps used infrequently, a 5 minute flush is 
recommended before use of the water from 
that tap

• For taps used on a daily basis, a shorter flush 
on first use for the day is recommended (e.g. 
200ml)
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catch’ samples. 

• Can simply be overnight stagnation

• For taps used infrequently, a 5 minute 
flush is recommended before use of 
the water from that tap
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Zhang, Int. J. Environ. Res. Public Health 2015, 12(10), 13649-13661
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Zhang, Int J Environ Res Public Health 2015 12(10):13649-61



REMOVAL OF MESH AERATORS

• Mycobacteria attach to the large surface area 
provided by the mesh, form biofilm in which they 
can then proliferate

• Numbers of mycobacteria coming through taps 
with them attached are greater than taps without

• Their removal may help to reduce exposure from 
water

Chaidez, Gerba. Int J Env Health Res 2004; 14:253



POINT OF USE FILTERS

• NTM can multiply within carbon filters, even those 
impregnated with silver

• NTM are released into the water passing through

• Avoid

• If they are to be used, they need to be changed 
every 2 weeks



UNDER BENCH/PRE-TAP WATER 
FILTRATION

Underbench/ pre-tap water filtration
• cartridge based systems installed under 

kitchen benches or anywhere after the 
main supply of water enters the 
premises. 

• e.g. Microfiltered water dispensers 
(MWDs) with composite filters

• Reverse-osmosis water dispensers 
(ROWDs). 

• Adequate and continuous maintenance 
is crucial.  

• may filter other bacteria, chemicals and 
sediment

• have been shown to increase the 
numbers of mycobacteria in tap water 

Zhou ZY, Clinical Microbiology and Infection. 2014;20(4):310-4
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• Cartridge based systems installed under kitchen 
benches or anywhere after the main supply of 
water enters the premises

• Microfiltered water dispensers (MWDs) with 
composite filters

• Reverse-osmosis water dispensers (ROWDs)

• Adequate and continuous maintenance is crucial

• May filter other bacteria, chemicals and sediment

• Have been shown to increase the numbers of 
mycobacteria in tap water

Zhou, Clinical microbiology 
and infection. 2014;20:310-4



TURN UP THE HEAT

• Hot water should be stored at 60ºC (140ºF) 
minimum

• many can heat up to 75-80ºC

• A tempering device or thermostatic mixing valve 
can be installed at the tap to ensure the maximum 
temperature of water deliver from the tap is 50ºC 
to reduce scalding risk (45ºC is recommended for 
children and the elderly)
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SHOWERS

• Replace plastic showerheads with metal ones (less likely to harbor biofilm 
where NTM grow)

• Soaking shower heads in vinegar for 60 minutes has been recommended as 
a means of cleaning

• Needs to be repeated at least every 6 months (probably more often)

• Household bleach has been recommended as an alternative  - however 
suggestion of regrowth of NTM with increased resistance to chlorine
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VENTILATION

• Ensure adequate bathroom 
ventilation to clear 
contaminated shower aerosols 
and steam

• The use of exhaust fans, and 
leaving windows open with 
help alleviate steam build up

• Replace/clean filters on 
exhaust fans as per 
manufacturers instructions 
(usually every 6 mths)

Ventilation
• ensure adequate bathroom ventilation to clear 

contaminated shower aerosols and steam. 
• The use of exhaust fans, and leaving windows 

open will help alleviate steam build up. 
• Replace/clean filters on exhaust fans as per 

manufacturers instructions (usually every 6mths) 



NEBULIZERS AND AIRWAY 
CLEARANCE DEVICES

• Nebulizers should be cleaned after each use

• The use of unit dose vials for medication is recommended 
(rather than a larger volume that is repeatedly accessed, when 
contamination can occur)

• Heat methods: 

• Steam sterilizer marketed for baby bottles

• Place in boiling water and boil for 5 minutes

• Place in microwave- safe container submerged in water and 
microwave for 5 min

• Use dishwasher if temp >70ºC (158ºF) for 30 min

Cleaning of Nebulisers and airway 
clearance devices

• Nebulisers should be cleaned after each use. 
• The use of unit dose vials for medication is 

recommended (rather than a larger volume 
that is repeatedly accessed, when 
contamination can occur).

• The use of steam sterilisation is 
recommended using a table top steam 
sterilizer marketed for baby bottles.

Towle D. Journal of Hospital Infection. 2016;92(3):222-5.



OTHER DEVICES

• CPAP humidifiers, neti pots/nasal rinse devices, humidifiers and other 
devices that require water for humidification/aerosolization, should be 
used with sterile/boiled water only
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humidifiers and other devices that require 
water for humidification/aerosolisation, should 
be used with sterile/boiled water only. 

Other devices

• CPAP humidifiers, neti pots/nasal rinse devices, 
humidifiers and other devices that require 
water for humidification/aerosolisation, should 
be used with sterile/boiled water only. 



OTHER WATER RELATED EXPOSURES

• Indoor pools, hot tubs, steam saunas, hydrotherapy pools and 
other leisure activities that involve aerosolization of water should 
be avoided

Other water related exposures

• Indoor pools, hot tubs, steam saunas, 
hydrotherapy pools and other leisure activities 
that involved aerosolisation of water should 
be avoided. 

Other water related exposures

• Indoor pools, hot tubs, steam saunas, 
hydrotherapy pools and other leisure activities 
that involved aerosolisation of water should 
be avoided. 



REFLUX AND NOCTURNAL MICRO-ASPIRATION

• Maintain healthy weight, avoid tight fitting clothing

• Avoid foods and drinks that trigger heartburn

• Eat smaller meals more frequently (to maintain caloric requirements)

• Don’t lie down after a meal. Wait at least 3 hours after eating before lying down or going to bed

• Use a foam wedge to elevate the head of the bed



SOIL

Soil

• no studies examining the effectiveness of masks
• reasonable for high risk patients to use personal-protection 

whilst engaging in dusty activities
• Moistening soil/potting mix prior to use may reduce the 

aerosolisation and subsequent inhalation of contaminated 
soil particles.
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• No studies examining the effectiveness of masks

• Surgical or patient care masks and nuisance dust masks do 
not protect the wearer from airborne contaminants such as 
small particles, aerosols, gases or vapours. These masks 
protects the wearer from splashes of large droplets of blood 
or body fluids only.

• Reasonable for high risk patients to use personal-protection 
whilst engaging in dusty activities

• Moistening soil/potting mix prior to use may reduce the 
aerosolization and subsequent inhalation of contaminated 
soil particles



SUMMARY

• NTM causing human infections can be found in a wide variety of 
environmental sources, but environmental niche can be species 
specific – eg M. avium vs M. intracellulare

• Geographic variation in species distribution in both patients and 
the environment

• Human activities may influence the numbers of mycobacteria in 
the environment (e.g agriculture, water disinfection practices) 
and increase exposure (e.g hot tub use, soil related activities, 
house dust)

• Aerosols of a respirable particle size generated by showering 
and the pouring of potting mix/soil can be inhaled

• M. intracellulare – the main pathogen responsible for NTM 
disease in most parts of the world is not found in 
water/showerheads

• No evidence that showering frequency is associated with NTM 
infection 

• Climate and natural events likely to influence mycobacterial 
numbers in the environment and more work is need in this 
space


