
This study has several limitations. We primarily surveyed
first-call clinicians from a single center with a modest sample size.
Variability between clinicians and institutions is likely; therefore,
these findings may not be generalizable to other units. However,
these findings could be used to develop local assessments. Surveys
were conducted as soon as feasible after EACs, but responses may
have been subject to recall bias. Lastly, participation in the first sur-
vey could have influenced responses in the second survey.

Opportunities may exist to improve EAC utilization. Judicious
use of EACs has the potential to reduce antibiotic use and aligns with
the national “Choosing Wisely” campaign to reduce medical over-
use.9 Additional studies are needed to clarify the indications and role
of EACs in the management of mechanically ventilated patients.
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Heater-cooler units (HCUs) used in cardiopulmonary bypass and
extracorporeal membrane oxygenation (ECMO) can generate

infectious aerosols containing Mycobacterium chimaera, a slow-
growing nontuberculous mycobacterium (NTM) associated with
disseminated infection. Since the identification of M. chimaera
infective endocarditis in 2013, many more cases of deep-seated
infections with M. chimaera have been identified and linked to
the use of contaminated Stöckert 3TLivaNova (London, United
Kingdom) HCUs.1 Few studies have analyzed the water contami-
nation of HCUs used in ECMO.2 In this study, we aimed to
ascertain whether HICO-Variotherm units (Chalice Medical,
Worksop, UK) used in ECMO were colonized with Mycobacterium
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spp and to assess the associated risk of aerosolization into the critical
care environment.

Methods

Study setting

This investigation was conducted in the cardiothoracic critical care
unit (CTCCU) ofWythenshawe hospital (Manchester, UK)which is
a conventionally ventilated unit (ie, no HEPA filters). At the time
of study (November 2017), 3 HICO-Variotherm HCUs (Chalice
Medical) were in use for patients undergoing veno-venous
ECMO for 7–15 days for severe respiratory failure (Fig. 1).

Water samples

In the CTCCU, filtered tap water is used for the HCUs and water
testing is not routinely performed. A serological pipette was used
to transfer a sample (100 mL) of the water circulating through each
HCU to a sterile sample container. Eachwater samplewas cultured on
tryptone soya agar (TSA; Oxoid, Basingstoke, UK), and potential
marker organisms were identified using matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectroscopy (MALDI-TOF MS).
To culture for Mycobacterium spp, a 50-mL aliquot of each water
sample was decontaminated and neutralized (BBL Mycoprep
system, Becton Dickinson, Oxford, UK) before being passed through
a 0.2-μm membrane filter. Each filter was transferred to a
Middlebrooks 7H11 agar plate and incubated at 37°C for up to
6 weeks. To provide a more rapid indication of the presence or
absence of Mycobacterium spp, each water sample was also assayed
using an in-house quantitative polymerase chain reaction (qPCR)
assay incorporating previously published primers.3 A qPCR assay
was also used to detect the presence of Legionella spp using a method
validated in a previous study.4

Air samples

Air samples were collected immediately adjacent to each HCU and
at the bedside (∼1 m from the unit). We used two types of air sam-
plers. First, we used an impaction sampler (AirIdeal, bioMérieux
UK Limited, Basingstoke, UK), in which airborne microorganisms
are impacted on the surface of an agar plate. At each position, 3
consecutive samples were taken, each incorporating a different cul-
ture media: TSA, cetrimide agar (for Pseudomonas aeruginosa), or

Middlebrooks 7H11. On each occasion, the sampler was operated
at 100 L per minute for 5 minutes (sample volume, 0.5 m3 of air).

Second, we used a liquid impinger (Coriolis μ, Bertin Instruments,
France), in which airbornemicroorganisms are concentrated in a col-
lecting fluid. The sampler was operated once (300 L per minute for 10
minutes or 3m3 of air) at each position, and the collecting fluid (phos-
phate buffered salineþ 0.01% Tween 20) was cultured (in duplicate)
on TSA, cetrimide agar, and Middlebrook 7H11 agar plates. Each
plate was assayed for the presence or absence of Mycobacterium
spp and Legionella spp using qPCR.

Water and air samples were obtained on the same day. The
presence of organisms in both would imply contamination of
the HCUwith associated aerosolization into the surrounding clini-
cal environment.

Results

Water samples

A single water sample was taken from each of the 3 ECMO units.
The number of bacteria cultured (on TSA) ranged from 5.7 × 106

CFU/L to 3.8 × 107 CFU/L (n= 3). In all cases, the predominant
organism was identified as Ralstonia spp (ie, picketti or insidiosa).
No NTM were cultured from the water samples. However, when
analyzed via qPCR Mycobacterium spp were detected in water
taken from 2 of the 3 ECMO units at a level of 10.2 GU/L
(the theoretical equivalent of 3.4 × 103 GU/L water) and
14.6 GU/3mL (∼4.8 × 103 GU/L water) (Table 1). A Legionella
spp was detected in water taken from 2 of the 3 ECMO units at
a mean concentration of 80.9 GU/3mL (∼3.4 × 104 GU/L water;
n= 2) and 1,029 GU/3mL (∼3.4 × 105 GU/L water; n= 2).
Legionella pneumophila was not detected.

Air samples

NeitherRalstonia spp norMycobacterium sppwere cultured fromany
of the 12 air samples (Table 1).Mycobacterium spp was not detected
in any of the 6 air samples analyzed via PCR. Legionella pneumophila
was detected in 1 air sample (86 GU/m3). The organism could not be
cultured from the sample, so viability (or source) could not be
confirmed.

Discussion

Mycobacteria chimaera produces biofilm that enables it to persist
in water systems and its hydrophobicity favors aerosolization.5 In
our study, we detected Mycobacteria spp in 2 of 3 ECMO water
samples. However, unlike previous studies on HCUs used for
cardiothoracic bypass, aerosolization into the environment was
not demonstrated.

The Ralstonia genus is a group of gram-negative nonfermenters
that are well adapted to surviving in low nutrient conditions, which
allows them to persist in various water supplies.6 We found high
numbers of Ralstonia spp in the water circulating the ECMO units
but none in associated air samples.

The ECMOmachines are air-tight and closed systems in contrast
to the HCUs used in cardiothoracic surgery, which may have pre-
cluded the release of aerosols.7Mycobacteria chimaera contamination
of ECMO devices was reported by Trudzinki et al.2 As in our study,
they did not find anymycobacteria in the 9 room air samples or other
environmental samples. Although transmission ofM. chimaera from
an ECMOdevice to a patient is yet to be described, the theoretical risk
of aerosolization remains when machines are decontaminated or
emptied or when circuits are broken during use. Regular and effective

Fig. 1. A heater cooler device.
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decontamination of the HCUs and microbiological surveillance are
vital steps in mitigating the risk of infection due to M. chimera and
other opportunistic pathogens.
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Stethoscope diaphragms are often contaminated with pathogens such
as Clostridioides difficile and methicillin-resistant Staphylococcus

aureus (MRSA).1–5 Moreover, the frequency of acquisition and
transfer of C. difficile and MRSA during patient examinations
has been shown to be similar for stethoscopes and hands.1,2

Applying hand sanitizer to stethoscopes or wiping with alcohol
or disinfectant wipes or swabs can reduce bacterial contamination.1,6

However, stethoscopes are rarely cleaned in clinical practice.6

Table 1. Organisms Cultured From Water Collected From All 3 ECMO Units

Organism

ECMO Unit 1 ECMO Unit 2 ECMO Unit 3

Culture qPCR Culture qPCR Culture qPCR

Water sample (n=1)

Ralstonia spp Detected : : : Detected : : : Detected : : :

Mycobacterium spp Not detected Not detected Not detected Detected Not detected Detected

Legionella spp : : : Detected : : : Not detected : : : Detected

L. pneumophila Not detected Not detected Not detected

Air sample (n=4)

Ralstonia spp Not detected : : : Not detected : : : Not detected : : :

Mycobacterium spp Not detected Not detected Not detected Not detected Not detected Not detected

Legionella spp Not detected Not detected Detected

L. pneumophila : : : Not detected : : : Not detected : : : Detected

Note. ECMO, extracorporeal membrane oxygenation; qPCR, quantitative polymerase chain reaction.
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