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Bacterial Contamination of Circuit Inner Surfaces After High-Flow

Oxygen Therapy

Mutsuo Onodera, Emiko Nakataki, Nobuto Nakanishi, Taiga Itagaki, Masami Sato,
Jun Oto, and Masaji Nishimura

BACKGROUND: During high-flow oxygen therapy, heated humidified gas is delivered at high flow.
Although the warmth and humidity of this gas facilitates mucociliary function in the lower airway,
warm and humid conditions also promote bacterial growth. Bacterial contamination of high-flow oxy-
gen therapy circuits has not been well investigated. We examined the incidence of bacterial contami-
nation in high-flow oxygen therapy circuits. METHODS: This was a prospective observational study in
a university hospital 10-bed general ICU. After final high-flow oxygen therapy discontinuation, samples
were obtained from the interface and the chamber ends of the circuit. Initially, a half circumference of
each inner surface was swabbed, after which the whole tube was left in the ICU at room temperature
for 6 h. The samples were then, in the same way, taken from the previously unswabbed arcs of the end
inner surfaces. All the samples were sent to a biology laboratory and cultured. RESULTS: In all,
118 samples were collected from 31 tubes. The median duration of high-flow oxygen therapy was 48 h
(interquartile range, 26-96 h). Of 31 tubes, contamination occurred in 5 tubes (16.1% [95% CI 5.5-
33.7%1]). CONCLUSIONS: Bacterial contamination of inner surfaces of the circuit after high-flow
oxygen therapy was relatively high. Key words: hospital-acquired pneumonia; interface; heated humidifier.
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Introduction

Mechanical ventilation with an endotracheal tube has
been identified as a primary risk factor for ventilator-as-
sociated pneumonia (VAP).1-2 Despite current efforts to
control VAP and hospital-acquired pneumonia,® even in
patients who have not received mechanical ventilation, it
remains a matter of concern. Many studies have focused
on managing risk factors to prevent VAP and a few more
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recent publications have addressed the epidemiology of
hospital-acquired pneumonia in subjects who were not me-
chanically ventilated.# Both hospital-acquired pneumonia
and VAP have a statistically significant impact on mor-
bidity and mortality.*

Organisms from the gastrointestinal tracts of patients
may also cause hospital-acquired pneumonia.>° During me-
chanical ventilation, these microbes can rapidly colonize
the stomach, oropharynx, lower airways, and endotracheal
tube. Circuit colonization occurs rapidly when the source
originates from the patient,” and it is the presence of con-
densate that allows the bacteria to thrive.%° High-flow ox-
ygen therapy delivers, usually through a large-bore nasal
cannula, heated humidified gas at high flow.!? Patients
who receive high-flow oxygen therapy are less likely to
undergo tracheal intubation than those who receive con-
ventional oxygen therapy!'!-!? or noninvasive ventilation.'3
The warmth and humidity of delivered gas in high-flow
oxygen therapy facilitates mucociliary function in the re-
spiratory tract.

Warm humid gas, however, also creates conditions that
favor bacterial growth, which increases the risk of bacte-
rial contamination of high-flow oxygen therapy circuits. In
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addition, when the ambient temperature is low, the amount
of condensation in the circuit increases.'* However, gas
flow is different between invasive mechanical ventilation
and high-flow oxygen therapy. High-flow oxygen therapy
is an open system, and flow is uni-directional. In a patient
who is intubated, microorganisms that originate from pa-
tients can spread into a ventilator circuit with ease; how-
ever, it is unclear if microorganisms that originate from
patients spread into a high-flow oxygen therapy circuit and
can cause hospital-acquired pneumonia.

Although routine circuit changes are not recommended
in mechanical ventilation,'>'¢ contamination of breathing
circuits has been reported as a source of infection.!”-!8
High-flow oxygen therapy is sometimes applied intermit-
tently, depending on patient condition or tolerance. If a
patient resumes high-flow oxygen therapy within several
hours, then the same circuit may be used, although this
may also accelerate contamination. Because there is little
published information about contamination of high-flow
oxygen therapy circuits, we designed a study to investigate
the incidence of bacterial contamination of the circuit after
high-flow oxygen therapy. We also investigated whether
the incidence of contamination increased when circuits
were left at the bedside.

Methods

This was a prospective observational study in a univer-
sity hospital, 10-bed, general ICU. The study protocol was
approved by the ethical committee of Tokushima Univer-
sity Hospital (no. 2693). Because high-flow oxygen ther-
apy is routinely used in our ICU and because this was a
purely observational study, informed consent was obtained
by an opt-out process. The outline of the study was posted
on the bulletin board in the ICU. The subjects and their
delegates were able to refuse to participate in the study.
Regardless of age, each subject in the ICU who received
high-flow oxygen therapy for >6 h was enrolled. For adults,
high-flow oxygen therapy was delivered through an
AF2310 chamber and Flextube single heated wire circuit
(Intersurgical, Berkshire, United Kingdom), and, for chil-
dren, through an MR290 chamber and RT330 Optiflow
tubing kit for infants (Fisher and Paykel Healthcare, Auck-
land, New Zealand). The interface was selected, depend-
ing on the patient’s age and the presence or absence of
tracheostomy, from the Optiflow lines of adult and pedi-
atric nasal cannulas or Optiflow tracheostomy direct con-
nections (Fisher and Paykel Healthcare). In routine admis-
sion screening, nasal swab samples were taken from our
patients in the ICU.

After final discontinuation of high-flow oxygen therapy,
culture samples were obtained. To confirm the bacterial
origin, we obtained culture samples from the interface and
chamber end of the circuit (Fig. 1). Initially, half circum-
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Current knowledge

High-flow oxygen therapy delivers heated and humid-
ified medical gas to a patient. Warm and humidified
inspiratory gas facilitates mucociliary function. How-
ever, condensation in high-flow oxygen therapy circuits
is common and bacterial contamination cannot be com-
pletely avoided.

What this paper contributes to our knowledge

Bacterial contamination of the inner surface of circuits
was investigated just after termination of high-flow ox-
ygen therapy and 6 h later. Five of 31 tubes revealed
bacterial contamination, which was higher than ex-
pected. Six hours of exposure to ambient conditions did
not increase the contamination rate. Bacterial contam-
ination of circuit inner surfaces was relatively high. A
short interruption of high-flow oxygen therapy did not
affect bacterial growth.

ferences of the inner surfaces were swabbed with separate
Seedswabs (Eiken Chemical Co., Tochigi, Japan). In our
daily practice, high-flow oxygen therapy systems are left
at the bedside for, at most, 6 h, and we reused the same
systems when high-flow oxygen therapy was resumed
within 6 h. When high-flow oxygen therapy was not re-
sumed within 6 h, we discarded the circuit. Samples were
obtained by the same method, taken from the previously
unswabbed arcs of the end inner surfaces after the entire
circuit was left in the ICU at room temperature for 6 h.
Two samples were taken just after discontinuation of high-
flow oxygen therapy and two more samples were taken 6 h
later. All samples were sent to the hospital microbiology
laboratory for culturing.

Data Collection

Nasal swab culture results and other subject data, in-
cluding the indication for high-flow oxygen therapy, the
duration of high-flow oxygen therapy, type of circuit, and
type of interface, were collected from the medical records.
The incidence of bacterial contamination of the circuit was
the primary outcome; secondary outcomes included the
differences in contamination at each sampling site, sam-
pling time, type of circuit, and type of interface. The as-
sociation between contamination and duration of high-flow
oxygen therapy was also investigated.

Statistics

Dichotomous variables were compared by using the
Fisher exact test. The Wilcoxon rank-sum test was applied
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Fig. 1. Locations of microbiological sampling. A: Patient interface
end. B: Chamber end. Half of the inner circumference was swabbed
immediately after high-flow oxygen therapy and the remaining in-
ner arc was swabbed 6 h after high-flow oxygen therapy.

to compare the duration of high-flow oxygen therapy be-
tween the groups with and without contamination. All anal-
yses were performed with R software version 3.4.2 (http://
www.r-project.org. Accessed October 10, 2017). The level
of significance was set at 0.05.

Results

Thirty-one subjects were enrolled: 15 females and
16 males. The median age was 73 y (range, 0-93 y).
Twenty six were adults, and 5 were pediatric patients.
Nasal cannulas were used for 24 subjects, and tracheal
interfaces were used for the remaining 7 subjects. The
indications for high-flow oxygen therapy were postextu-
bation (n = 25), respiratory failure (n = 4), and cardiac
failure (n = 2). The median (interquartile range) duration
of high-flow oxygen therapy was 48 h (26-96 h). No
damage or soiling of the high-flow oxygen therapy circuit
was visibly apparent after use. We could not take samples
from 3 circuits after 6 h of high-flow oxygen therapy
because circuits were discarded before the second sam-
pling, which resulted in a total of 118 samples. When the
culture was positive, regardless of the number of colonies,
we defined it as contaminated.
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Of 31 circuits, contamination occurred in 5 (16.1%
[95% CI5.5-33.7%]). All contaminated circuits were from
adults, including 4 nasal cannula and one tracheal inter-
face. Just after discontinuation of high-flow oxygen ther-
apy, 5 samples exhibited positive cultures, including 4 from
the interface end and one from the humidifier chamber
end. At 6 h after high-flow oxygen therapy, 3 samples
from the interfaces exhibited positive cultures. These were
predominantly, 7 of 8, from the interface end. Five species
of bacteria were isolated (Table 1). However, the strains
were different between the samples from circuits and those
from nasal swabs at ICU admission. No differences were
found in the contamination rate among the types of circuits
(19.2% in adults vs 0% in pediatric subjects, P = .56) and
the types of interface (16.7% in nasal cannula vs 14.3% in
the tracheal interface, P > .99). When contamination oc-
curred, the median (interquartile range) duration of high-
flow oxygen therapy was 94 h (24-96 h). The duration of
high-flow oxygen therapy did not differ between circuits
with and without contamination (P = .85).

Discussion

To our knowledge, this study was the first investigation
of bacterial contamination of circuits after high-flow ox-
ygen therapy. We found the rate of contamination of the
inner surface of the circuit after high-flow oxygen therapy
to be 16.1%. Contamination mainly occurred at the inter-
face end. Because high-flow oxygen therapy entails a con-
tinuous unidirectional gas flow, we anticipated that con-
tamination in high-flow oxygen therapy circuits would
occur less frequently than in anesthetic circuits, where,
depending on sampling techniques, the rate of contamina-
tion has been found to be from 3.3% to 54%.'9-2! Analysis
of our findings indicated that the contamination rate for
high-flow oxygen therapy circuits may be as high as for
anesthetic breathing circuits.

Because contamination was predominantly found at the
interface end, it seemed that the source of bacteria was
mostly from the patients. This was similar to the general
findings for VAP and hospital-acquired pneumonia, which
are mainly caused by organisms found in the gastrointes-
tinal tracts of patients. During mechanical ventilation, cir-
cuit colonization from a patient source may occur rapidly.
The presence of condensate, in particular, allows the bac-
teria to thrive. Heat and moisture exchangers decrease the
volume of condensate in the circuit and possibly reduce
rates of VAP.## High-flow oxygen therapy delivers a 1-way
high flow of warm humidified gas, and our finding that
16.1% of the systems were contaminated refuted our ex-
pectations. However, patients do exhale against the flow
of gas delivered via high-flow oxygen therapy devices,
and bacteria from patients may reach the interface. If or-
ganisms make it to the interface, then the temperature and
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Results of Bacterial Culture

Table 1.

Isolated Bacteria

Duration
of High-Flow
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Type of

Type of

Case

After High-Flow Oxygen Therapy, 6 h

After High-Flow Oxygen Therapy, 0 h

Interface

Oxygen Circuit

Therapy (h)

No.

Nasal Swab

Chamber End

Interface End

Chamber End

Interface End

Corynebacterium species

ND

ND ND

Nasal Enterococcus faecalis 1+
ND

Adult

379

BACTERIAL CONTAMINATION AFTER HIGH-FLOW OXYGEN THERAPY

Staphylococcus epidermidis, Staphylococcus

Sphingomonas species 1+ ND

Bacillus pumilus 2+

Nasal

Adult

9

lugdunensis

S. epidermidis, Corynebacterium species

ND

Klebsiella oxytoca 2+ ND ND

Nasal

Adult

24
94

S. epidermidis, Staphylococcus pettenkoferi

Pseudomonas aeruginosa 3+  ND P. aeruginosa 3+ ND

Nasal

Adult

S. epidermidis, Corynebacterium species,

ND

P. aeruginosa 2+

ND

P. aeruginosa 1+

Tracheal

Adult

96

alfa-hemolytic Streptococci

= not detected

ND

+1 = 5 colonies to 1/3 of culture medium covered by bacteria

+2 = ~2/3 culture medium covered by bacteria

+3 = whole culture medium was covered by bacteria

humidity are suitable for proliferation. In our ICU, we use
high-flow oxygen therapy circuits fitted with heating wires,
which greatly reduce condensation. Condensation is com-
mon in non-heated interface tubes.

In case 2, Bacillus pumilus was cultured from a sample
taken at the chamber end. High-flow oxygen therapy sys-
tems in our ICU are prepared by medical technicians who
follow sterile procedures. Given that only a single sample
revealed contamination and because a negative sample from
the same site was obtained 6 h later, the single positive
result for this particular species may have been due to
sampling contamination.

We found no difference in the rate of contamination
between samples taken immediately after high-flow oxy-
gen therapy and 6 h later. Several hours’ interruption of
high-flow oxygen therapy did not increase bacterial con-
tamination. In cases 1 and 3, bacteria were not cultured
from samples 6 h after high-flow oxygen therapy. This
may be due to a problem with sampling because we swabbed
the half of circumference at interface end and the chamber
end. If we would have swabbed the whole circumference,
sample cultures may have been positive at both times.
Usually microorganisms originate from patients, and, in
patients who are intubated, microorganisms proliferate
within the ventilator circuit. Microorganisms could grow
in condensates in the present system; however, the high-
flow oxygen therapy circuits used did not have a water
trap. We had to cut the circuit to take samples from the
middle, and this method may underestimate the contami-
nation rate.

Another possibility is that, in our normal practice, we
hook the interface from a pole when the device is not in
use. As a result, condensate drains from the circuit and the
interface dries. Although the contamination rate did not
vary with sampling time, high-flow oxygen therapy cir-
cuits are intended for single use, and the finding cannot be
taken to justify the use of the same circuit for the same
patient after high-flow oxygen therapy has been suspended
for several hours. The duration of high-flow oxygen ther-
apy was similar for cases of contamination and non-con-
tamination. This result was consistent with previous com-
parisons of 1-d and 7-d use of anesthetic circuits.!*-?!

Our study had several limitations. First, because none of
the subjects showed any symptoms of hospital-acquired
pneumonia, the clinical impact was unclear: contamination
of high-flow oxygen therapy tubes does not necessarily
lead to hospital-acquired pneumonia. Moreover, the sam-
ple size was too small to come to any generalizable con-
clusions. Even so, our results were consistent with similar
studies of anesthetic breathing circuits. In 3 circuits that
yielded positive samples immediately after high-flow ox-
ygen therapy, no contamination was revealed from sam-
ples taken 6 h later. Bacteria may have been present but in
such small numbers that none survived to culture or the
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distribution of contaminating organisms may have been
patchy; if so, the contamination rate after 6 h may be
underestimated. We only swabbed 2 sites to take samples
for bacterial cultures. Bacteria could be in condensate within
the circuit, and we did not take condensate for cultures. It
was almost impossible to get condensate with the sterile
procedure, because the high-flow oxygen therapy circuits
did not contain a water trap. Also, microbiological sam-
ples were obtained from only 3 locations, either end of the
circuit and from the nose; consequently, the origins of the
detected bacteria are unclear.

Conclusions

Bacterial contamination of the inner surface of the cir-
cuit after high-flow oxygen therapy was relatively high.
Short interruption of high-flow oxygen therapy did not
affect bacterial growth. Our study highlights the potential
risk of bacterial contamination of high-flow oxygen ther-
apy circuits; however, many questions remain to be clar-
ified. Further studies should explore potential risk factors
for circuit contamination, the interaction between patient
colonization and system colonization, the role of high-
flow oxygen therapy duration, incidence of pneumonia,
and ICU length of stay.
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