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Introduction: Microbiological surveillance of endoscopes is a safety measure for verifying
the quality of reprocessing procedures and identifying contaminated devices, but
duodenoscope-related outbreaks are still reported.
Aim: To assess the effectiveness of duodenoscope reprocessing procedures in Italy.
Methods: Between December 2019 and April 2020, data obtained from microbiological
surveillance post-reprocessing in 15 Italian endoscopy units were collected. Sampling was
carried out after reprocessing or during storage in a cabinet. In keeping with international
guidelines and the Italian position paper, the micro-organisms were classified as high-
concern organisms (HCOs) and low-concern organisms (LCOs).
Findings: In total, 144 samples were collected from 51 duodenoscopes. Of these, 36.81%
were contaminated: 22.92% were contaminated with HCOs and 13.89% were contaminated
with LCOs [2.08% with an LCO load of 11e100 colony-forming units (CFU)/device and 0.69%
with an LCO load of >100 CFU/device]. The contamination rate was 27.5% in samples
collected after reprocessing, 40% in samples collected during storage in a cabinet that was
compliant with EN 16442:2015 (C-I), and 100% in samples collected during storage in a
cabinet that was not compliant with EN 16442:2015 (NC-I). The respective HCO rates were
15.00%, 27.27% and 66.67%. Correlation between LCO contamination and storage time was
demonstrated (Spearman’s rho¼0.3701; P¼0.0026). The Olympus duodenoscope TJFQ180V
demonstrated the lowest rate of contamination (29.82%), although the contamination rate
was 100% for duodenoscopes stored in an NC-I cabinet.
nt of Health Sciences, University of Genova, Via Pastore 1, Genova 16132, Italy.
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Conclusion: Microbiological surveillance, along with strict adherence to reprocessing
protocols, may help to detect endoscope contamination at an early stage, and reduce the
risk of duodenoscope-associated infections.

ª 2022 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

After the first reported case cluster of duodenoscope-
related carbapenem-resistant Enterobacterales transmission
in 2013 [1], the Centers for Disease Control and Prevention
(CDC) reported an association between endoscopes and the
transmission of multi-drug-resistant bacteria to the Food and
Drug Administration (FDA) [2]. Since then, several similar out-
breaks have been documented in the literature, which, despite
low incidence, are of clinical significance given their severity
[3e5]. These adverse events have raised serious concerns
regarding current standards of care. Professional scientific
associations have revised their existing guidelines for duode-
noscope reprocessing techniques [2].

Reprocessing, which is used to prevent the transmission of
micro-organisms, does not always guarantee adequate decon-
tamination of duodenoscopes. Despite adherence to reproc-
essing guidelines, transmission and outbreaks have still been
reported [6e8]. Endoscope reprocessing failures, reported as
one of the 10 most significant threats to patient health by the
Emergency Care Research Institute, can occur because of the
complexity and multiplicity of the steps involved in this process
[9]. As it is a complex process, reprocessing should be per-
formed in an adequately cleaned workplace, with proper
storage areas. Furthermore, as it involves different pro-
fessional profiles, each phase should be performed in a
standard way by adequately trained staff, and should be
traceable [10,11].

The intrinsic complexity of endoscopes makes it difficult to
control the risk of contamination, especially because of the
formation of biofilm, which is frequently found in particular
areas of the endoscope (e.g. microlesions in channels, valves,
distal lenses, etc.), and is difficult to remove with standard
procedures. It is in this context that microbiological surveil-
lance comes into play: to prevent and reduce the risk of
infection, accompanied by the implementation of corrective
actions where necessary [12]. Although microbiological sur-
veillance is recommended by guidelines, it is not always per-
formed regularly or properly.

In 2015, FDA ordered three different manufacturers
(Olympus, Fujifilm and Pentax) to conduct a post-marketing
surveillance study on duodenoscopes to better understand
how these devices are reprocessed in real-world settings, and
the impact on the transmission of infection [13]. Following the
improved safety measures and implementation of the reproc-
essing techniques, the surveillance study documented a
decline in the number of medical device reports associated
with patient infections between 2015 and 2017 [14].

However, after additional medical device reports associated
with patient infections and device contamination in 2018 and
2019, FDA re-emphasized that, despite the improvements
made and the decline in the number of medical device reports,
it is still important to ensure adequate reprocessing procedures
to improve the safety of reprocessed duodenoscopes [15].
Given the ongoing reports of adverse events, the new European
Medical Devices Regulation (MDR 2017/745) also advises post-
marketing surveillance studies, which were not been con-
ducted previously in Europe [16].

The importance of undertaking microbiological surveillance
to guarantee the safe use of duodenoscopes is highlighted in a
2015 report by CDC and the American Society of Microbiology
[2]. This was updated in 2018, suggesting the application of
modified procedures for other types of flexible endoscope, as
also recommended in Europe in the guidelines of the European
Society of Gastrointestinal Endoscopy/European Society of
Gastroenterology and Endoscopy Nurses and Associates [17].

Given the clinical importance of multi-drug-resistant bac-
teria, a multi-society position paper on microbiological sur-
veillance after reprocessing flexible endoscopes was published
recently in Italy, which supported the quality of this process in
order to ensure patient safety [18]. Only a small number of
Italian studies to date have assessed endoscope contamination
following reprocessing, and a national investigation has never
been undertaken [19,20].

This study reports the results obtained during the first Ital-
ian nationwide cross-sectional study, conducted bymembers of
the Italian Multidisciplinary Society for the Prevention of
Healthcare-Associated Infections and the Italian Hospital
Hygiene Study Group of the Italian Society of Hygiene, Pre-
ventive Medicine and Public Health, to verify the effectiveness
of duodenoscope reprocessing procedures.

Materials and methods

Settings

This prospective nationwide cross-sectional study was per-
formed in digestive endoscopy units where endoscopic retro-
grade cholangiopancreatography (ERCP) was performed on
outpatients and inpatients. These operative units were dis-
tributed in nine Italian regions (seven units in northern Italy,
four units in central Italy, and four units in southern Italy). Of
the 21 operative units that initially agreed to take part in the
study, 15 actually participated; six operative units withdrew
due to the coronavirus disease 2019 pandemic.

A mean of 380.15 [standard deviation (SD) 359.34; range
73e1002] ERCP procedures are performed in these operative
units each year. All of the operative units were enrolled in the
study on a voluntary basis between 1st December 2019 and 30th

April 2020. Duodenoscopes were eligible for sampling if they
were reprocessed and ready for patient use following high-
level disinfection or cabinet storage. Each operative unit was
asked to complete a data collection form with the duodeno-
scope brand and model, sampling date, storage type and tim-
ing, and results of microbiological sampling performed during
these periods. No patient data were included in this study,

http://creativecommons.org/licenses/by-nc-nd/4.0/
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meaning that there was no need for approval by the Medical
Research Ethics Committee.

Microbiological surveillance was performed according to the
protocol described in the 2018 CDC guideline [21]. The protocol
was translated and shared with all of the operative units that
participated in the project.

Sample collection

Sampling was carried out independently by local staff after
reprocessing, during storage in a cabinet that was compliant
with EN 16442:2015 (C-I), or during storage in a cabinet that
was not compliant with EN 16442:2015 (NC-I). In the case of
sampling during storage, the operative units were also asked to
indicate the time between reprocessing and sampling.

In keeping with the CDC guideline sampling protocol, sam-
ples were obtained from the elevator recess and instrument
channel, as well as the elevator wire channel when accessible.
To facilitate aseptic sampling, a clean surface covered with an
impervious sterile drape was used in conjunction with appro-
priate personal protective equipment, including sterile gloves.
Two staff members were required to conduct aseptic sampling
from the channels. Briefly, two samples were collected and
combined: an instrument channel sample (biopsy port to distal
end) taken using the ‘flush, brush, flush’ method, and an ele-
vator recess sample obtained by flushing and brushing the
elevator recess. The brushes used were those recommended by
the device manufacturer, while the elution solution was 0.01M
phosphate buffered saline with 0.02% Tween 80; if not avail-
able, the use of sterile de-ionized water was permitted as long
as the subsequent analyses were carried out within 12 h. For
duodenoscopes with an open elevator wire channel, a third
sample was collected by flushing the elevator wire channel,
which was then combined with the other two samples. A final
volume of approximately 45 mL was obtained and collected in a
container, and the same volume of Dey Engley neutralizing
broth (Sigma Aldrich, Milan, Italy) was added in order to neu-
tralize any trace of chemicals that might have restricted the
detection of micro-organisms.

Microbiological analysis

The entire volume of the sample was filtered through a 0.45-
mm filter that was then placed on a plate of blood agar (VWR
International PBI, Radnor, PA, USA) and incubated at 35e37 �C
for 72 h. Colony-forming units (CFU) were counted, and each
species was identified to distinguish between high-concern
organisms (HCOs) and low-concern organisms (LCOs).

In keeping with international guidelines and the Italian
position paper, the micro-organisms were classified as HCOs
and LCOs. HCOs are most often associated with diseases, and
their presence in any numbers indicates that there is a problem
with the cleaning/disinfection process, with potential for
cross-infection (e.g. Staphylococcus aureus, Salmonella spp.,
Escherichia coli, Pseudomonas aeruginosa, Klebsiella spp.).
LCOs are less often associated with disease, and may arise from
contamination during sampling, or may be due to insufficient
drying of endoscope channels post-processing or improper
storage conditions (e.g. coagulase-negative staphylococci,
excluding Staphylococcus lugdunensis, Bacillus spp., diphthe-
roids). In this case, when the number of isolated organisms is
low (<10 CFU/channel), the endoscope does not need to be
removed from patient use. When the number of isolated LCOs
is >10 and <100 CFU/channel, it is recommended that
reprocessing methods and sampling collection should be
reviewed. However, if the number of organisms is >100 CFU/
channel, the endoscope should be removed from use. In
accordance with CDC guidelines, the decision to consider some
of the isolated micro-organisms as HCOs was made on the basis
of the epidemiology of the infections prevalent in the partic-
ipating health facility, and on the basis of international
guidelines, such as the Gastroenterological Society of Australia
(GESA) Health Infection Control Service guidelines, which
report micro-organisms of clinical interest for endoscopy-
related infections [2,17,18,22].
Statistical analysis

Statistical analysis was carried out using STATA SE13TM
(Stata Corp, College Station, TX, USA). The results were ana-
lysed in terms of descriptive statistics, and differences
between groups were evaluated using the KruskaleWallis test,
as appropriate. Possible correlation between LCO con-
tamination and storage time was also evaluated by Spearman’s
correlation test. P<0.05 was considered to indicate statistical
significance.
Results

Each operative unit tested at least one duodenoscope, up to
a maximum of seven at some operative units, with a total of 51
duodenoscopes included in the study. The most widely used
model was the Olympus TJF Q180V (45.10%), followed by the
TJF 160 (17.65%) and the TJF 145 (21.57%); other duodeno-
scope brands and models were sampled in 15.69% of cases.

In total, 144 samples were collected from the 51 duodeno-
scopes analysed in the operative units. Eighty samples (55.56%)
were collected after reprocessing, 55 (38.19%) samples were
collected during storage in a C-I cabinet, and nine (6.25%)
samples were collected during storage in an NC-I cabinet. The
mean storage time before sampling was 27.8 (SD 27.44) h for C-I
cabinets [range 2e120 h, median 16 h, interquartile range (IQR)
16e24 h] and 90.67 (SD 112.43) h for NC-I cabinets (range
24e360 h, median 24 h, IQR 24e96 h). Of the samples collected
during storage in C-I and NC-I cabinets, 94.55% and 66.67%,
respectively, were taken within 72 h of reprocessing.

Figure 1 shows the non-conformity rate of samples collected
from the various duodenoscope models and the timing of
sampling. Considering all the samples, regardless of the timing
of sampling, 36.81% showed microbial contamination; of these,
13.89% were contaminated with LCOs and 22.92% were con-
taminated with HCOs. Specifically, 2.08% of the samples con-
taminated with LCOs had a microbial load of 11e100 CFU/
duodenoscope, and 0.69% had a microbial load of >100 CFU/
duodenoscope.

Considering the timing of sampling, the contamination rate
was 27.50%, 40.00% and 100% for the samples collected after
reprocessing, during storage in a C-I cabinet, and during stor-
age in an NC-I cabinet, respectively. The rate of HCO con-
tamination was 15.00%, 27.27% and 66.67%, respectively.
Correlation between LCO contamination and storage time was
observed, regardless of the cabinet type (obs¼64; Spearman’s
rho¼0.3701; P¼0.0026).
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Figure 1. Compliance and non-compliance rates for high-concern organisms and low-concern organisms as a function of duodenoscope
model and sampling time. Green bars, compliant; yellow bars, low-concern organisms <10 colony-forming units (CFU)/duodenoscope;
light orange bars, low-concern organisms 11e100 CFU/duodenoscope; dark orange bars, low-concern organisms >100 CFU/duodeno-
scope; red bars, high-concern organisms.
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Of the Olympus duodenoscope models sampled, the TJF
Q180V was found to have the lowest rate of contaminated
samples (29.82%). When sampling during storage in an NC-I
cabinet (N¼9), with all samples collected from Olympus duo-
denoscopes, the contamination rate, regardless of the model,
Table I

Mean values of total microbial load, high-concern organisms (HCOs)
duodenoscope]

Parameters

All sampling Total microbial load
HCOs
LCOs

Contaminated sampling Total microbial loada

HCOs
LCOs 11e100 CFU/duodenoscope
LCOs >100 CFU/duodenoscope

SD, standard deviation; IQR, interquartile range.
a Only samples with LCOs >10 CFU/duodenoscope or presence of just on
was 100% (HCOs in 66.67% and LCOs <10 CFU/duodenoscope in
33.33% of samples). In terms of the contaminated samples, the
mean concentration of HCOs was 159.12 (SD 251.91) CFU/
duodenoscope, with a maximum microbial load of 1001 CFU/
duodenoscope. Only one sample was found to be contaminated
and low-concern organisms (LCOs) [colony-forming units (CFU)/

N Mean (SD) Range Median IQR

144 38.58 (136.76) 0e1001 0 0e5.5
144 36.53 (136.75) 0e1001 0 0e0
144 4.84 (28.96) 0e301 0 0e0
37 148.19 (240.13) 2e1001 40 8e202
33 159.12 (251.91) 1e1001 80 7e202
3 30.33 (15.88) 12e40 39 12e40
1 137 137 137 137

e HCO.



Table II

Mean values of total microbial load, high-concern organisms (HCOs) and low-concern organisms (LCOs) [colony-forming units (CFU)/
duodenoscope] observed in the various duodenoscope models

N Mean (SD) Range Median IQR

All sampling Olympus TJF 145 Total microbial load 30 37.40 (77.09) 0e202 0 0e1
HCOs 30 37.03 (77.25) 0e202 0 0e0
LCOs 30 3.73 (18.44) 0e101 0 0e0

Olympus TJF 160 Total microbial load 40 73.62 (230.31) 0e1001 0 0e10
HCOs 40 71.90 (230.76) 0e1001 0 0e9
LCOs 40 1.72 (6.54) 0e39 0 0e0

Olympus TJF Q180V Total microbial load 57 21.49 (77.41) 0e400 0 0e1
HCOs 57 17.81 (75.97) 0e400 0 0e0
LCOs 57 8.96 (43.63) 0e301 0 0e0

Other duodenoscopes Total microbial load 17 15.47 (38.20) 0e144 2 0e7
HCOs 17 15.18 (38.31) 0e144 0 0e7
LCOs 17 0.29 (0.85) 0e3 0 0e0

Contaminated
sampling

Olympus TJF 145 Total microbial loada 6 160.00 (76.49) 9e202 202 101e202
HCOs 6 185.17 (41.23) 101e202 202 202e202
LCOsb 0 - - - -

Olympus TJF 160 Total microbial loada 13 194.47 (350.28) 1e1001 20 9e101
HCOs 12 238.92 (381.19) 6e1001 60.5 9.5e300.5
LCOs 11e100 CFU/duodenoscope 1 39 39 39 39

Olympus TJF Q180V Total microbial loada 11 82.61 (145.57) 1e400 5 2e40
HCOs 8 126.87 (174.22) 1e400 4 2e301
LCOs 11e100 CFU/duodenoscope 2 26.00 (19.80) 12e40 26 12e40
LCOs >100 CFU/duodenoscope 1 137 137 137 137

Other duodenoscopes Total microbial loada 7 49.37 (61.72) 2e144 9 7e108.5
HCOs 7 36.86 (54.61) 2e144 8 7e80
LCOsb 0 - - - -

SD, standard deviation; IQR, interquartile range.
a Only samples with LCOs >10 CFU/duodenoscope or presence of just one HCO.
b >10 CFU/duodenoscope.
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with an LCO >100 CFU/duodenoscope (137 CFU/duodeno-
scope) (Table I). Table II shows the mean values for total
microbial load, HCOs and LCOs for the duodenoscope models
analysed.

This study did not find any significant differences between
duodenoscope models. Of the Olympus duodenoscopes, the
TJF Q180V model presented the lowest mean microbial load
(82.61 CFU/duodenoscope), even when considering HCOs alone
(126.87 CFU/duodenoscope). The most widely represented
HCOs were Pseudomonas spp. (23.26%), E. coli (18.60%) and
P. aeruginosa (13.95%). Klebsiella pneumoniae was found in
9.30% of samples (Figure 2).

Of the LCOs, coagulase-negative Staphylococcus spp. were
found in 38.46% of samples, and Micrococcus luteus was found
in 15.38% of samples (Figure 3). Of the 15 operative units
participating in the study, five (33.33%) (OU 6, OU 7, OU 9, OU
10 and OU 12) recorded 100% non-contaminated samples, col-
lected from a total of 13 duodenoscopes (one to four duode-
noscopes analysed for each operative unit).

More than half of the operative units found contamination
with HCOs within their duodenoscopes; only one operative unit
had 100% contaminated samples with HCOs (UO 15: nine sam-
ples from three duodenoscopes) (Figure 4).

Discussion and conclusions

Endoscopic procedures are well established in gastro-
intestinal endoscopy, playing an integral part in the
prevention, diagnosis and treatment of gastrointestinal dis-
eases [17]. Exposure to biological fluids, including blood and
secretions, subjects flexible endoscopes to contamination [23].
Cleaning is a critical issue due to the internal complexity of
endoscopes, characterized by narrow lumens and multiple
internal channels. Endoscope reprocessing is a daunting task
which includes manual cleaning and high-level disinfection,
followed by rinsing and drying before appropriate storage. Due
to the complex internal structure of endoscopes, and tenacious
microbial contamination of the internal parts, biofilms can
persist even when reprocessing is performed in accordance
with international and manufacturer guidelines. Duodeno-
scopes are more difficult to reprocess than other flexible
endoscopes. This is due to their more complex design, which
includes a side viewing tip, forceps elevator and elevator
channel [24]. The presence of multi-drug-resistant strains in
devices used for endoscopy may have serious consequences for
health.

Several infections and outbreaks caused by multi-drug-
resistant micro-organisms following endoscopic procedures
(e.g. ERCP) have been reported [25e30]. Aumeran et al. [26]
reported a duodenoscope-associated outbreak with extended-
spectrum beta lactamase (ESBL)-producing K. pneumoniae.
Similarly, Bajolet et al. [27] reported an outbreak at a hospital
in Reims, France in 2011, which was traced to a single endo-
scope contaminated with ESBL-producing P. aeruginosa.
Epstein et al. reported a cluster of New Delhi metallo-b-lac-
tamase-producing E. coli infections associated with ERCP [11].
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The present study on the microbiological surveillance of
duodenoscopes, performed on a national scale, involved 15
digestive endoscopy units and a total of 51 sampled duodeno-
scopes, mainly Olympus models (TJF Q180V, TJF 160 and TJF
145), with a few duodenoscopes from other manufacturers
(15.69%). Monitoring was performed after reprocessing (55.56%
of samples) or during storage in a cabinet (mostly compliant
with EN 16442:2015). Considering all of the samples collected
(N¼144) and regardless of the timing of sampling, 36.81% of the
samples analysed were positive for at least one HCO/LCO.
Greater levels of contamination were observed in a study
conducted by Ribeiro et al. [31], which evaluated con-
tamination in reprocessed endoscopes (gastroscopes and
colonoscopes). Contamination was detected in 71.8% (28/39)
of the samples obtained from the air/water channels of colo-
noscopes, and in 70% (42/60) of the samples from the air/water
channels of gastroscopes.

The CDC protocol states thatmicrobiological non-conformity
of duodenoscopes corresponds with the presence of any HCOs,
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or any microbial load �10 CFU/duodenoscope of LCOs [21].
Action is needed if any HCOs are present or if LCOs exceed
100 CFU/duodenoscope as this is indicative of inadequate
reprocessing and/or damage to the endoscope. In the present
study, the reasons for taking corrective action were mainly due
to HCOs. Indeed, only one sample showed LCO contamination
>100CFU/duodenoscope (137CFU/duodenoscope),whileHCOs
were found in 33 samples with a mean concentration of 159.12
(SD 251.91) CFU/duodenoscope (maximum 1001 CFU/
duodenoscope).

A previous study by the present authors involved post-
reprocessing microbiological surveillance of duodenoscopes in
the operative unit of an Italian hospital over a 3-year period [32].
Samples displayed contamination with P. aeruginosa,
K. pneumoniae, K. oxytoca, S.maltophilia, A. baumannii, E. coli
and other micro-organisms. The highest levels of contamination
detected were P. aeruginosa (2500 CFU/duodenoscope),
K. pneumoniae (2580 CFU/duodenoscope) and A. baumannii
(2600 CFU/duodenoscope). The contaminated deviceswere sent
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to themanufacturer for evaluation. Audits were carried out with
the personnel responsible for reprocessing, with the aim of
optimizing the procedures used. Subsequently, only one case of
non-conformity was found, confirming the importance of staff
training.

In addition to reprocessing, other factors can contribute to
microbial contamination of duodenoscopes, including appro-
priate storage in dedicated cabinets in accordance with EN
16442:2015. In the present study, the percentages of con-
taminated samples were 27.50%, 40.00% and 100% for samples
taken after reprocessing, during storage in a C-I cabinet, and
during storage in an NC-I cabinet, respectively. The percentages
of HCOs were 15.00%, 27.27% and 66.67%, respectively. Con-
cerning the possible effect of storage time on microbial con-
tamination, the Italian Association for Endoscopy Technical
Operators and the National Association of Gastroenterology and
Associated Nurses suggest reprocessing the devices as a pre-
caution after 72 h of storage [33]. However, there is currently an
ongoing debate about the real need to reprocess endoscopes
after 72 h of storage. According to the American Society for
Gastrointestinal Endoscopy, the available data suggest that
contamination during appropriate storage for intervals of 7e14
days is negligible, is not associated with duration, occurs only on
the exterior of instruments, and only involves common skin
organisms rather than significant pathogens [34]. A systematic
review identified 10 studies investigating hang time for flexible
endoscopes, with no change in the rate of contamination over
the hang time duration studied (at least 2e7 days, including up
to 56 days) [35,36]. Furthermore, Cottarelli et al. [37] found no
significant association between longer storage times and the risk
of detection of pathogens. In the present study, endoscopes
were stored for a time ranging from a few hours to 15 days.
Correlation was only found between LCO contamination and
storage time (obs¼64; Spearman’s rho¼0.3701; P¼0.0026).

Contamination due to the structural complexity of these
devices can differ according to brand and model. In 2015, FDA
ordered all duodenoscope manufacturers to conduct post-
market surveillance studies to assess duodenoscope con-
tamination rates following high-level disinfection, and to
identify the factors causing duodenoscope contamination [38].
In the present study, of the Olympus duodenoscopes sampled,
the TJF Q180V model presented the lowest rate of con-
taminated samples (29.82%) and the lowest mean total
microbial load [82.61 (SD 145.57) CFU/duodenoscope] and HCO
load [126.87 (SD 174.22) CFU/duodenoscope], although these
contamination levels are still high and concerning. However,
analysis of the data, using all the samples, showed that the
differences between various duodenoscope models were not
significant. In a similar study by Rauwers et al. [24] that ana-
lysed duodenoscopes of different brands and models, con-
tamination was not found to be type-dependent (P>0.05).

The results provided by the 15 participating operative units
showed a highly diverse conformity rate among the analysed
duodenoscopes. Five operative units reported 100% com-
pliance, corresponding to 13 sampled duodenoscopes, while in
other operative units, high rates of non-compliance were
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observed, which were also associated with HCO contamination
(OU 15 had 100% of samples contaminated with HCOs). These
results suggest a possible difference in the effectiveness of
reprocessing and/or storage procedures in the various oper-
ative units.

In conclusion, the high percentage (36.81%) of contaminated
samples observed in this study highlights the potential risk of
pathogen transmission via duodenoscopes. In order to reduce
the risk of patient infection, FDA recommended the use of dis-
posable components (endcaps) or fully disposable duodeno-
scopes in August 2019 [39]. However, the cost of disposable parts
will be high, and the large amount of medical waste generated
each year will have a negative impact on the environment [38].
Therefore, duodenoscope surveillance by microbiological cul-
turing, along with strict adherence to reprocessing protocols,
may help to detect endoscope contamination at an early stage
and reduce the risk of transmission of duodenoscope-associated
infections.
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