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T he WGO Guideline “Endoscope Disinfection” is
intended for use by health providers and professionals

who are involved in the use, cleaning, and maintenance of
endoscopes and aims to support national societies, official
bodies and individual endoscopy departments in developing
local standards and protocols for reprocessing endoscopes.

This updated Endoscope Disinfection Guideline
addresses the recent outbreaks of multi-drug resistant
organisms after endoscopy and proposes measures to reduce
the risks of these outbreaks occurring. The recommendations
are based on the consensus findings of an international

multidisciplinary working group with expertise in micro-
biology, including biofilms, endoscope reprocessing, nursing,
and gastroenterology, and with broad experience in devel-
oping national and international reprocessing guidelines.

GUIDELINES OR STANDARDS
Reprocessing instructions are often called guidelines

but are, in fact, a technical standard that sets out the min-
imum acceptable practice for reprocessing to deliver high-
level disinfection of endoscopes. The distinction between the
2 terms is important. Medical guidelines usually address a
narrow clinical question using population-based data, often
results of randomized trials in a specific population, to guide
the care of an individual patient.1

Standards are broader in the application and set out
specifications and procedures designed to ensure products,
services, and systems are safe, reliable, and consistently per-
form the way they were intended. The supporting evidence for
a standard is based on science, technology, and experience
rather than clinical trials. The standards governing reproc-
essing are based on the science of cleaning, disinfection,
drying, and microbiology, and recommendations are sup-
ported by measurements of efficacy in models with artificial
soils and/or a known inoculum of bacteria.
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The implementation of the appropriate standards for
reprocessing should follow the general principles of good
manufacturing practice (GMP). GMP is a set of regulations,
codes, and guidelines for a manufacturing process, in this
case reprocessing an endoscope to produce a high-level
disinfected endoscope. These regulations cover both per-
formances of reprocessing and quality control of the proc-
ess. GMP is recognized worldwide for the control and
management of manufacturing and quality control testing
of pharmaceutical products and has evolved over the last
60 years in response to multiple well-publicized problems in
the pharmaceutical industry.2

While the terms guidelines and standards are both used
to describe instructions for endoscope reprocessing3,4 these
instructions are best considered as a technical standard.

General Principles in Endoscope Reprocessing
The most important step in endoscope reprocessing is

scrupulous manual cleaning before disinfection. Dis-
infection will fail if the cleaning has been inadequate.5–7

Manual cleaning must be undertaken by a person
familiar with the structure of the endoscope and trained in
cleaning techniques. Cleaning should begin immediately
after the endoscope is used so that biological material does
not dry and harden. Appropriate detergents and cleaning
equipment should be used; in particular appropriate dia-
meter brushes should be used for each channel. Cleaning
should be followed by thorough rinsing to ensure all debris
and detergents are removed before disinfection.

Manual Cleaning
Pre-Cleaning—Immediately after each procedure, with

the endoscope still attached to the light source, the insertion
tube should be wiped with a lint-free disposable cloth and
the distal tip placed in a low foaming medical grade deter-
gent solution and detergent aspirated through all channels,
including the suction/biopsy channel. The air/water channels
should be flushed with detergent, and then all channels
flushed, including the jet channel if present, with water, then
air, as per the manufacturer’s instructions. A specific valve
may be required to flush the air/water channels with
detergent.

The endoscope should be removed from the light
source and transported to the cleaning area in a closed
container that avoids environmental contamination from
drip or spill, and that clearly indicates that the endoscope
within is contaminated.

It is essential that the endoscope is not allowed to dry
before further cleaning as this will make the removal of
organic matter difficult or impossible. Endoscopes should be
processed without delay within 30 minutes.

Leak testing should be performed to check the integrity
of all channels before further processing. All the valves and
buttons should be removed and leak testing performed as
per the manufacturer’s instructions.

Buttons and valves should be brushed and disinfected,
paying particular attention to internal surfaces and high-
level disinfection or sterilization according to the original
equipment manufacturer’s instructions.

The endoscope should be placed in a detergent solution
in a sink in the “dirty” section of the decontamination area
and the outer surface washed. A low foaming medical grade
detergent should be used at the appropriate dilution
according to the manufacturer’s instructions. All accessible

sections of the suction biopsy channel should be brushed
according to the manufacturer’s instructions for use, and
each channel should be brushed until all debris is removed.
The tip and handles and clean valve seats should be brushed
and then cleaning adapters fitted and channels flushed with
fresh detergent for the product specified time.

The endoscope should be rinsed by draining the
detergent from the sink, rinsing the outer surface with cold
running tap water, then filling the sink with tap water and
purging the channels with tap water using the cleaning
adapters following the manufacturer’s instructions. The
channels should be purged with air to remove rinse water.

Disinfection
High-level disinfection is performed in an Automatic

Flexible Endoscope Reprocessor (AFER) that should
comply with the relevant national standard or be approved
by the Food and Drug Administration (FDA). The AFER
may or may not have an automated cleaning and dis-
infection cycle. All connectors should be specifically
designed for each endoscope model. All channels should be
connected at the start and end of a cycle. The detachable
components, including the air/water and suction valves, can
be steam sterilized or reprocessed with the endoscope if the
ability of the AFER to clean and/or disinfect these detach-
able components is validated by the AFER manufacturer.

After high-level disinfection, the endoscope is rinsed in
the AFER with bacteria-free water produced by sub-micron
filters. Water quality should be checked regularly.

Manual high-level disinfection is another option that is
effective when performed by well-trained, dedicated
reprocessing staff supplied with appropriate personal pro-
tective equipment. The endoscope should be immersed in
disinfectant, and all channels are filled with disinfectant
solution, and the buttons and valves should be immersed in
the disinfectant. The instrument should be soaked for the
required time at the required temperature and concentration
as specified by the disinfectant manufacturer.

All channels should be purged with air to remove the
disinfectant, the exterior of the endoscope rinsed and the
channels flushed with bacteria-free water, with the volume
required for the specific disinfectant used, to remove any
traces of disinfectant.

Drying
Endoscopes should be dried after each procedure by

purging the water from the channels with compressed air,
then flushing the channels with alcohol, followed by forced
air drying. Alcohol flush facilitates drying and is a useful
adjunct to disinfection because of its bactericidal effects.8

The use of alcohol may not be permitted in some
countries (France, UK) because of concerns about variant
Creutzfeldt-Jakob disease.

The endoscope should be stored in a forced air-drying
cabinet to supplement drying.

If an endoscope is used infrequently, it is reasonable to
store it separately hanging vertically in a purpose-built
cabinet as opposed to a forced air storage/drying cabinet,
and then reprocess the endoscope before the next patient
use. Endoscopes should be dried completely before hanging.

Accessories
The water bottle should be changed after each endos-

copy session and steam sterilized. The water bottle should be
filled with sterile water immediately before use.
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Documentation
All essential steps of endoscope reprocessing should be

documented for quality assurance and for patient tracing if
necessary.

OUTBREAKS
The recent reports of outbreaks of multi-drug resistant

organisms (MDROs) after endoscopy, particularly carba-
penem-producing Enterobacteriacae (CPE), have focused
critical attention on the efficacy and safety of reprocessing
protocols.

CPE has become established in the hospital environment
and may cause clinical infections with substantial morbidity
and mortality because of their antibiotic resistance. Outbreaks
of CPE after endoscopy have been reported in several coun-
tries often after ERCP9 but also following bronchoscopy,10

gastroscopy,11–13, and flexible cystoscopy.14,15 Often, micro-
biological surveillance identifies a single source for an outbreak
of MDROs that can be traced to a culprit endoscope that has
transmitted genetically similar bacteria on multiple occasions
despite reprocessing.

MDROs may also be transmitted sporadically by endo-
scopes without a single source being identified by genetic
studies. In case-control studies of hospital inpatients, a recent
endoscopy, including gastroscopy, bronchoscopy, and ERCP,
was a significant risk factor for acquiring MDRO colo-
nization/infection.13,16–18.

The risk of transmitting infection at endoscopy is
underestimated; a risk of 1 in 1.8 million is often quoted.19

The correlation of an infection with a previous endoscopy is
difficult to establish confidently, and if established, is not
always reported to authorities and is seldom published.20,21

The paucity of reports from less developed countries is likely
to be due to failure of detection and reporting rather than a
true absence. Cultures of patient-ready endoscopes provide
a better estimate of the problem.22 Cultures of endoscopes
performed immediately before a procedure and for routine
microbiological surveillance suggest that at least 2-4% of
endoscopes, including gastroscopes, colonoscopes, and
duodenoscopes are transmitting bacteria.23–26 Transmission
of antibiotic-sensitive enteric bacteria at gastroscopy and
colonoscopy rarely causes clinical illness; however, trans-
mitted bacteria may colonize the patient.27,28

The recent outbreaks were only identified because of
the distinctive features of the CPE, the antibiotic
resistance.29 CPE is acting as a marker of transmission, and
the emergence of CPE has exposed long-standing flaws in
endoscope reprocessing.30

Many of the problems associated with recent outbreaks
are well recognized problems from the past, including
breaches of cleaning and disinfection protocols, often failure
to dry before storage, and occult endoscope defects that
compromise cleanability. However, there are also outbreaks
where cleaning and disinfection were performed according
to guidelines, and the manufacturer can find no fault in the
endoscope.

Recent publications have found that current reproc-
essing standards do not provide a reasonable level of safety
and effectiveness.31–34

In response to outbreaks, the FDA’s May 2015 Advisory
Panel35 encouraged facilities to consider supplemental meas-
ures, including double reprocessing between patients, ethylene
oxide sterilization, or the use of a liquid sterilant processing
system. About 15 months after these recommendations were

made, a survey of providers performing ERCP in the USA
found 63% of centers performed double disinfection and 12%
ethylene oxide sterilization.36 However, these additional
measures are expensive and time-consuming, and ethylene
oxide sterilization is not readily available.33

Subsequent to this advice, a randomized trial com-
paring the 3 reprocessing protocols, standard high-level
disinfection, double high-level disinfection, and ethylene
oxide sterilization, concluded that these enhanced dis-
infection methods did not provide additional protection
against contamination.33 Another randomized trial found
double high-level disinfection was no better than standard
high-level disinfection.37

It is increasingly recognized that biofilms on endo-
scopes compromise cleaning and disinfection.34,38,39 The
conditions reported as causes of outbreaks facilitate bio-
film formation and growth; these include inadequate
cleaning, inadequate drying, occult endoscope defects,
including channel damage and breaches of reprocessing
protocols.

Biofilm prevention and control are core problems in
reprocessing that are addressed in these guidelines

The changes proposed can be broadly summarized as
follows:
� Cleaning—carefully follow the manufacturers’ updated

reprocessing instructions specific for each model of
endoscope.

� Drying—improved drying with an alcohol flush and
10 minutes of forced air after each procedure. Endo-
scopes should be stored in a forced-air drying cabinet.

� Occult endoscope defects—routine endoscope mainte-
nance to identify and repair defects. Routine channel
replacement to reduce the prevalence of occult defects
and maintain a smooth cleanable channel surface.

� Breaches of reprocessing protocols—Establish a multi-
disciplinary committee to develop and implement reproc-
essing protocols and to perform quality control of
training, the process and outcomes.

NEW RECOMMENDATIONS

Recommended Changes to Reprocessing and
Storage

Prompt attention to cleaning, disinfection, and com-
plete drying reduces the growth of established biofilm and
prevents bacteria from forming new biofilm (Table 1).

Recommended Changes for Duodenoscopes
Table 2

Endoscope Drying
It is critical that drying is performed following manual

or AFER reprocessing—regardless of AFER manufacturer
claims
� Initial Drying—All endoscopes should have a preliminary

alcohol flush and forced-air channel drying for 10 minutes.
� Storing/Drying Cabinet—After initial drying endoscopes

should be promptly transferred to an approved endo-
scope forced air storage/drying cabinet, and channel-
purge air drying commenced.
This should continue until the endoscope is used again
or the safe storage period has elapsed.
Storage/Drying cabinets should comply with the rele-
vant National Standard or with the European Standard
EN 16442 Controlled Environmental Storage Cabinet
for Processed Thermolabile Endoscopes
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Note: If needed, the duodenoscope can be used for
another patient procedure after the initial forced air drying
or before the drying cycle in the cabinet is completed.

Interventions to Control CPE Transmission in the
Facility

CPE is spread through the fecal-oral route; the mode of
transmission is often through contaminated hands of
healthcare workers or contaminated fomites. Carbapene-
mase-producing bacteria are commonly found in hospital
wastewater and also found in sinks and faucets.41 Inves-
tigations during an outbreak of an MDRO after ERCP
found the culprit MDRO in sinks and in the water used to
rinse the duodenoscope before disinfection.42 Guidelines for
prevention and control of CPE emphasize hand hygiene,
active surveillance and contact precautions, and environ-
mental cleaning. Endoscopy units should implement
national and local infection control multi-drug resistant

organism guidelines. Training that improves compliance
with hand hygiene reduces transmission of infection.43

(Table 3).

AFER Maintenance

� Water quality should be appropriate for the AFER.
� External water filters should be replaced according to an

established schedule, and the internal sub-micron filters
replaced as per the manufacturer’s instructions for use.

APPLICATION OF GUIDELINES
Detailed recommendations for reprocessing are set out in

international and national guidelines/standards. Recent
guidelines from USA, Europe, China, Southeast Asia, and the
Middle East have been updated to reflect the latest research
and the manufacturer’s recommendations.3,4,32,44–47 These

TABLE 1. Specific Recommendations for Reprocessing and Storage

Activity Recommendations

Precleaning Precleaning must be carried out IMMEDIATELY after use.
Cleaning Cleaning (manual or using an AFER with an FDA or National approved cleaning cycle) must be

carried out PROMPTLY* within 30 minutes after precleaning.
Always follow the most up to date manufacturer’s specific instructions for cleaning for each model of
endoscope.

Disinfection After manual cleaning of the endoscope, machine or manual high-level disinfection must be
undertaken promptly.

Endoscopes should be thoroughly rinsed with bacteria-free water after disinfection.
Alcohol flush and forced-air drying After disinfection by any means the endoscope must have prompt initial alcohol flush and forced-air

drying† for 10 minutes and storage in an approved forced air storage/drying cabinet‡.
Drying cabinet storage Endoscopes must remain in approved forced air-drying cabinets until next patient use.
Bacteriological surveillance Perform regular bacteriological surveillance of endoscopes and AFERs at intervals appropriate to

local conditions and resources.
Maintenance Send endoscopes for regular yearly maintenance and consider replacing the instrument channel every

2 years or according to workload (or more frequently as recommended by the endoscope
manufacturer.)

Notes:
Duodenoscopes are considered separately.
*= “Promptly” in these Guidelines means within 30 minutes.
†=The endoscope may be used on another patient after the initial forced-air drying but it must be placed into the storage cabinet if not immediately used for

another patient procedure.
‡= See section on Drying Cabinets.
AFER indicates automatic flexible endoscope reprocessor.

TABLE 2. Specific Recommendations for Duodenoscopes

Endoscopy Units Performing ERCP Should…

Volume of procedures Consider whether the number of ERCP procedures performed is sufficient to continue offering this clinical
service.

Dedicated staff and training Have dedicated staff reprocessing duodenoscopes who are aware of and have undertaken specific training in
the particular problems associated with cleaning, disinfecting, and obtaining endoscope samples for
bacteriological surveillance.

Bacteriological surveillance Perform MONTHLY bacteriological surveillance cultures of duodenoscopes utilizing sample collection
protocols that include samples from the distal lever cavity.*

Duodenoscopes with positive surveillance bacterial cultures with organisms of concern detected should be sent
for service (unless there is an alternative explanation eg, staff error).

Have appropriate risk notification of possible MDRO transmission in their Informed Consent information.
Maintenance Regardless of culture results, send duodenoscopes for regular yearly maintenance.

Have instrument channels and “O-rings” replaced at least on yearly basis (or more frequently as
recommended by the endoscope manufacturer).

*Note:
Consideration should be given to using the recently published FDA/CDC/ASM duodenoscope sample collection and culture protocol that has been validated

by duodenoscope manufacturers.40

MDRO indicates multi-drug resistant organisms.
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guidelines will inform the development of other national and
regional guidelines.

In all countries, health resources are allocated accord-
ing to cost/benefit analysis. Prioritizing resources in low and
middle-income countries have increasingly focused on cost-
effectiveness.48 The cost-effectiveness of endoscopy can be
estimated from the cost of delivering the services, the out-
comes achieved, and the costs of complications.49 The
emergence of CPE has increased the risk of serious infec-
tions occurring after endoscopy and thus increased the costs
of inadequate reprocessing. The costs of managing an
infection with CPE are substantial in both developed and
low and middle-income countries.50,51

The risk of transmitting CPE depends on the
� prevalence of CPE in patients referred for endoscopy
� quality of reprocessing
� age and state of repair of the endoscopes.

Each country and hospital should know the local prev-
alence of CPE to implement appropriate risk management.

Endoscopists must understand the principles of
reprocessing and be aware of the risk to patients when there
is failure of endoscope reprocessing.52

When purchasing second-hand equipment, hospitals
should ask to see an endoscope’s previous history of main-
tenance and repairs. Channels and O-rings that are old or have
had a previous heavy workload should be replaced. Rawers
reported that inadequate repairs to 2 duodenoscopes con-
tributed to an outbreak and highlighted the importance of
reliable endoscope repairs and maintenance.29

Endoscope reprocessing should be managed by a
multidisciplinary committee

Successful reprocessing is dependent on many interre-
lated processes governed by overlapping standards. The
delivery of endoscopic services is best managed by a multi-
disciplinary committee including nurses, endoscopists,
infection control and engineering personnel, and most
importantly management.32,53,54

� The committee should use a process approach to develop,
implement, and improve the effectiveness of a quality
management system for both the people and the process
itself, as informed by the Standards ISO 9001 and ISO
13485:2016.55–57

� The recent position statement of the European Society of
Gastrointestinal Endoscopy and European Society of
Gastrointestinal Nurses and Associates lists quality
criteria for endoscope reprocessing.58

� Policies, procedures, and strategies should be developed
in consultation with relevant stakeholders.53

� The committee must be up to date with recent publications
and undertake internal audits to ensure reprocessing
complies with recent recommendations from manufac-
turers, guidance bodies, and regulatory departments.
In low and middle-income countries, there may be a

lack of infrastructure and a deficiency in trained personnel.51

� Local guidelines should be tailored to specific needs, and
quality control should start with simple, cost-effective
measures such as education programs. Surveillance of
process and compliance with guidelines should be priori-
tized over outcome surveillance that is more expensive and
time-consuming.51

If resources are limited, a local multidisciplinary committee
should review the options available and make a decision
based on a risk assessment informed by local conditions.

� Options to consider include referral to a center with more
resources and reassessing the need for endoscopy. Is a
trial of treatment a safer option?

SCIENCE OF REPROCESSING
During outbreaks of MDROs after endoscopy, patients

may become colonized and initially show no clinical
symptoms only to develop serious systemic infections weeks
to months later, with mortality reported as high as 40%.42,59

Often a single species of CPE is transmitted from 1
endoscope on multiple occasions despite reprocessing. This
epidemiology is best explained by a biofilm on the endo-
scope protecting bacteria from cleaning and disinfection and
acting as a reservoir for transmission of infection.

Biofilm
In the 1999 CDC report of an outbreak of a carbape-

nemase-producing Pseudomonas aeruginosa following
bronchoscopy, it was considered that biofilm forming in
difficult to clean, narrow, endoscopy channels contributed
to this outbreak.60 A subsequent research investigation
examined the surfaces of endoscope channels with scanning
electron microscopy and confirmed the presence of biofilm
often lodged in surface defects.38 Other studies have also
found biofilm on endoscope channels61–63 and on culprit
endoscopes in reports of outbreaks.64–66

Biofilm is a community of bacteria attached to a surface
and to each other by an extracellular polysaccharide matrix.

TABLE 3. Recommendations to Control CPE Transmission

Recommendations

CPE status Be aware of the CPE status of your hospital.
CPE infected patients Ensure that known CPE positive patients are notified to the endoscopy unit BEFORE arriving at the unit.

CPE infected patients or those at high risk, who are yet to be cultured, should be examined last on the list and
managed in isolation from other patients with use of a separate toilet or a commode.

Clean and decontaminate procedure room after the endoscopy procedure as per specific protocols for terminal
cleaning of contaminated areas.

Plumbing standards Sinks, taps and plumbing should comply with the national standards to minimize the risks of spray from
drains in sinks or overflow of wastewater from blocked pipes.

Infection control procedures The emergence of CPE is another compelling reason to meticulously follow standard infection control
procedures including hand hygiene and the use of appropriate personal protective equipment (i.e. gloves
and impervious gowns for each procedure).

Endoscopy units should provide regular education, and assessment of compliance with hand hygiene and
environmental cleaning and decontamination.

CPE indicates carbapenem-producing Enterobacteriacae.
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Bacteria living in a biofilm have different properties than free
floating (planktonic) bacteria of the same species. Bacteria
incorporated into biofilms are often resistant to disinfectants
used at recommended reprocessing concentrations.34,67

Planktonic CPE are killed in under 1 minute by recommended
concentrations of standard disinfectants providing a wide
safety margin for these planktonic bacteria.68 However, bio-
film matrix limits the diffusion of the disinfectant; multiple
layers of cells and biofilm matrix are difficult for the dis-
infectant to penetrate.69 Standard concentrations of dis-
infectants do not reliably kill the same bacteria within
biofilms.70 Bacteria in buildup biofilm that accumulates in
defects on endoscope channel surfaces are also protected by
organic debris and crosslinked protein, making them more
difficult to kill with standard reprocessing.34,62 Current
reprocessing parameters based on data from models using
artificial soils and planktonic bacteria need to be revised using
models incorporating bacteria in biofilm or buildup biofilm.34

Biofilm attached to the surface of an endoscope chan-
nel acts as a reservoir of bacteria, and given favorable
conditions, bacteria in biofilms can multiply, detach, resume
their planktonic state, and be transmitted to patients during
endoscopy.34 Moisture and a supply of nutrients facilitate
biofilm growth and release of planktonic bacteria.

The role of moisture facilitating biofilm growth during
storage and the importance of complete drying after
reprocessing has been underestimated in the past. Current
evidence indicates 95% of endoscopes still had visible
moisture in channels after AFER alcohol flush, a 3-minute
drying cycle, and overnight storage in a regular cabinet.71

Keeping the endoscope free of moisture, particularly the
channels during storage, must be a priority.

Defects in endoscopes impair cleaning and provide a
niche for biofilms to grow.38,62 Some defects may be iden-
tified by close inspection, including defects in the cap and
external layers and leaks behind the lens.42,72 Occult defects
that do not interfere with endoscope function are more
difficult to identify without dismantling the endoscope or
using specialized tools such as a bore scope. Bore scope
examination of channels in working endoscopes has found
longitudinal wear marks and other defects on the channel
surfaces.73–75 Scanning electron microscopy of channel
surfaces shows biofilm in these wear marks.38,62 Outbreak
investigations that dismantled culprit endoscopes have
found other occult defects, including micro-perforations and
leaking O ring seals.29,42,64,76 Timely routine inspections and
preventative maintenance would reduce the use of endo-
scopes with defects that compromise cleanability.22 Endo-
scope manufacturers and national guidelines now recom-
mend annual routine maintenance.22

Duodenoscopes
Duodenoscopes are difficult to clean and disinfect. In

addition to the complex design, factors such as the charac-
teristics of patients referred for ERCP, and the interventions
performed also contribute to the risk of colonization and
subsequent infection from bacteria transmitted during the
procedure.

The rate of contamination of duodenoscopes, as judged by
positive surveillance cultures, is similar to the rates of con-
tamination of gastroscopes and colonoscopes.23–26 Thus, patient
characteristics and the interventions performed are dominant
factors in the higher incidence of outbreaks after ERCP.

The risks of outbreaks are best addressed by specific
changes to improve cleaning and disinfection of duodenoscopes

as well as improvements to reprocessing protocols for all endo-
scopes. The manufacturers’ updated cleaning protocols are an
important improvement in duodenoscope reprocessing. Review
of a quality assurance database of 4307 duodenoscope cultures
found that implementation of the new cleaning protocols sig-
nificantly reduced the rate of positive cultures.77 However, FDA-
mandated manufacturers’ surveillance culture studies have found
persistently positive cultures with clinically important bacteria.78

Drying
The reprocessing step of drying has often been ignored or

incompletely carried out and is prone to human error.43 A
survey in the United States of reprocessing in 249 endoscopy
units performing ERCPs found that 52% of the centers did not
comply with the Multisociety Guidelines and did not use
forced air to dry endoscopes.79 Guidelines are inconsistent with
one another and do not always specify the parameters for
adequate drying.80 Recent studies have found residual fluid in
up to 95% of endoscope channels after reprocessing and dry-
ing, suggesting drying guidelines need improvement.62,71

Biofilms need moisture to grow. Alfa and Sitter,81 in a
pivotal paper, demonstrated that if duodenoscopes were left
damp after reprocessing there was rapid growth of Pseu-
domonas and Acinetobacter species. Drying for 10 minutes
with forced air prevented this overgrowth in all duodeno-
scopes studied. Implementation of an alcohol flush followed
by forced air drying ended outbreaks of Pseudomonas
infections after ERCP in the 1980s.82 More recent studies
have confirmed that alcohol flush followed by 10 minutes of
forced air drying was more effective than alcohol flush fol-
lowed by a shorter variable time of forced air drying.73,83

AORN guidelines84 recommend endoscopes should be
stored in a drying cabinet and state, “The collective evidence
shows that optimal storage of flexible endoscopes facilitates
drying, decreases the potential for contamination, and pro-
vides protection from environmental contaminants.”

This recommendation is supported by a review of sur-
veillance cultures of patient-ready endoscopes, including duo-
denoscopes, gastroscopes, colonoscopes, and echoendoscopes,
which found that the introduction of drying cabinets sig-
nificantly reduced the risk of endoscope contamination.85 In a
direct comparison, a forced-air drying cabinet dried endo-
scopes more rapidly and significantly reduced microbial
growth compared with a standard storage cabinet.86

CONCLUSION
The science of reprocessing is evolving. New research,

including basic research, clinical research, and randomized
trials undertaken in response to the publications of out-
breaks of CPE, is now being published. Endoscope manu-
facturers continue to improve endoscope design and validate
new reprocessing instructions. New drying and cleaning
technologies are emerging in the marketplace. Professional
societies are producing updated versions of reprocessing
guidelines in response to the flood of information.

These and other recent guidelines recommend hospitals
appoint a multidisciplinary committee with a diversity of
interests and expertise to assess new information as it is
published and develop, implement, and importantly regu-
larly update reprocessing guidelines that are appropriate to
the hospital’s resources and patient mix.

Effective reprocessing is key to patient safety in
endoscopy.

Speer et al J Clin Gastroenterol � Volume 00, Number 00, ’’ 2022

6 | www.jcge.com Copyright © 2022 World Gastroenterology Organisation. All rights reserved.

Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



REFERENCES
1. Evidence-based Medicine Working Group. Evidence-based

medicine. A new approach to teaching the practice of medicine.
JAMA. 1992;268:2420–2425.

2. Patel KT, Chotai NP. Pharmaceutical GMP: past, present, and
future–a review. Pharm. 2008;63:251–255.

3. SGNA | Society of Gastroenterology Nurses and Asso-
ciates, Inc. > Practice > Standards & Practice Guidelines
[Internet]. [cited 2018 Jan 18]. Available at: https://www.sgna.
org/Practice/Standards-Practice-Guidelines.

4. AORN Guidelines for Perioperative Practice – Association of
perioperative Registered Nurses [Internet]. [cited 2018 Jan 18].
Available at: https://www.aorn.org/guidelines

5. Infection control in endoscopy Gastroenterological Society of
Australia [Internet]. [cited 2018 Jan 18]. Available at: http://
www.gesa.org.au/resources/infection-control-in-endoscopy/.

6. Kenters N, Huijskens E, Meier C, et al. Infectious diseases
linked to cross-contamination of flexible endoscopes. Endosc
Int Open. 2015;03:E259–E265.

7. Alfa MJ. Current issues result in a paradigm shift in
reprocessing medical and surgical instruments. Am J Infect
Control. 2016;44:e41–e45.

8. Kovacs BJ, Aprecio RM. High-level disinfection of gastro-
intestinal endoscopes: Are current guidelines adequate? Am J
Gastroentero. 1999;94:1546–1550.

9. FDA Advisory Panel Offers Recommendations on Procedures
for Reprocessing Duodenoscopes : Hayes, Inc. [Internet]. [cited
2018 Feb 7]. Available at: https://www.hayesinc.com/hayes/
resource-center/news-service/HNS-20150420-49/.

10. FDA Medical Devices Safety Communications: Infections
Associated with Reprocessed Flexible Bronchoscopes: FDA
Safety Communication [Internet]. FDAMedical Devices Safety
Communications. 2015 [cited 2018 Feb 9]. Available at: http://
wayback.archive-it.org/7993/20170722213119/https://www.fda.
gov/MedicalDevices/Safety/AlertsandNotices/ucm462949.htm.

11. Naas T, Cuzon G, Babics A, et al. Endoscopy-associated
transmission of carbapenem-resistant Klebsiella pneumoniae
producing KPC-2 beta-lactamase. J Antimicrob Chemother.
2010;65:1305–1306.

12. Bajolet O, Ciocan D, Vallet C, et al. Gastroscopy-associated
transmission of extended-spectrum beta-lactamase-producing
Pseudomonas aeruginosa. J Hosp Infect. 2013;83:341–343.

13. Orsi GB, García-Fernández A, Giordano A, et al. Risk factors
and clinical significance of ertapenem-resistant Klebsiella
pneumoniae in hospitalised patients. J Hosp Infect. 2011;
78:54–58.

14. Koo VSW, O’Neill P, Elves A. Multidrug-resistant NDM-1
Klebsiella outbreak and infection control in endoscopic
urology. BJU Int. 2012;110(11 Pt C):E922–E926.

15. Kumarage J, Khonyongwa K, Khan A, et al. Transmission of
multi-drug resistant Pseudomonas aeruginosa between two
flexible ureteroscopes and an outbreak of urinary tract
infection: the fragility of endoscope decontamination. J Hosp
Infect. 2019;102:89e94.

16. Tumbarello M, Spanu T, Sanguinetti M, et al. Bloodstream
infections caused by extended-spectrum-beta-lactamase-
producing Klebsiella pneumoniae: risk factors, molecular
epidemiology, and clinical outcome. Antimicrob Agents Chemo-
ther. 2006;50:498–504.

17. Orsi GB, Bencardino A, Vena A, et al. Patient risk factors for
outer membrane permeability and KPC-producing carbape-
nem-resistant Klebsiella pneumoniae isolation: results of a
double case-control study. Infection. 2013;41:61–67.

18. Voor In ’t Holt AF, Severin JA, Hagenaars MBH, et al. VIM-
positivepseudomonas aeruginosain a large tertiary care hospi-
tal: matched case-control studies and a network analysis.
Antimicrob Resist Infect Control. 2018;7:32.

19. Spach DH, Silverstein FE, Stamm WE. Transmission of
infection by gastrointestinal endoscopy and bronchoscopy.
Ann Intern Med. 1993;118:117–128.

20. Dirlam-Langley A, Ofstead C, et al. Reported gastrointestinal
endoscope reprocessing lapses: The tip of the iceberg. Am J
Infect Control. 2013;41:1188–1194.

21. United States Senate Report on CRE and Duodenoscopes:
Preventable Tragedies: Superbugs and How Ineffective
Monitoring of Medical Device Safety Fails Patients. Minority
Staff Report. Available at: http://www.help.senate.gov/imo/
media/doc/Duodenoscope%20Investigation%20FINAL%
20Report.pdf.

22. Rauwers A, Kwakman J, Vos M, et al. Endoscope-associated
infections: A brief summary of the current state and views
toward the future. Tech Gastrointest Endosc. 2019;21:150608.

23. Bisset L, Cossart YE, Selby W, et al. A prospective study of the
efficacy of routine decontamination for gastrointestinal endo-
scopes and the risk factors for failure. Am J Infect Control.
2006;34:274–280.

24. Brandabur JJ, Leggett JE, Wang L, et al. Surveillance of
guideline practices for duodenoscope and linear echoendoscope
reprocessing in a large healthcare system. Gastrointest Endosc.
2016;84:392–399.e3.

25. Saliou P, Héry-Arnaud G, Le Bars H, et al. Evaluation of
current cleaning and disinfection procedures of GI endoscopes.
Gastrointest Endosc. 2016;84:1077.

26. Jones D FDA Meeting Transcript, Center for Devices and
Radiological Health, Medical Devices Advisory Committee,
Gastroenterology and Urology Devices Panel, May 14, 2015; Di
Jones, page 142; Gastro05-14-15.FINAL.pdf [Internet]. FDA;
2015 [cited 2018 Jun 3]. Available at: https://wayback.
archive-it.org/7993/20170113091355/http://www.fda.gov/
downloads/AdvisoryCommittees/CommitteesMeetingMaterials/
MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroent-
erology-UrologyDevicesPanel/UCM451164.pdf.

27. Kelly CR, Kahn S, Kashyap P, et al. Update on Fecal Microbiota
Transplantation 2015: Indications, Methodologies, Mechanisms,
and Outlook. Gastroenterology. 2015;149:223–237.

28. Cammarota G, Ianiro G, Tilg H, et al. European consensus
conference on faecal microbiota transplantation in clinical
practice. Gut. 2017;66:569–580.

29. Rauwers A, Troelstra A, Fluit A, et al. Independent root-cause
analysis of contributing factors, including dismantling of 2
duodenoscopes, to investigate an outbreak of multidrug-
resistant Klebsiella pneumoniae. Gastrointest Endosc. 2019;90:
793–804.

30. Rutala WA FDA Meeting Transcript, Center for Devices and
Radiological Health, Medical Devices Advisory Committee,
Gastroenterology and Urology Devices Panel, May 15, 2015;
WA Rutala, ERCP Scopes: A Need to Shift from Disinfection to
Sterilization? p.311; Gastro05-14-15.FINAL.pdf; [Internet]. 2015
[cited 2018 Mar 6]. Available at: https://wayback.archive-it.org/
7993/20170113091400/http://www.fda.gov/downloads/
AdvisoryCommittees/CommitteesMeetingMaterials/
MedicalDevices/MedicalDevicesAdvisoryCommittee/
Gastroenterology-UrologyDevicesPanel/UCM451165.pdf.

31. FDA Gastroenterology-Urology Devices Panel. May 14-15, 2015:
MeetingMaterials of the Gastroenterology-Urology Devices Panel
[Internet]. FDA Advisory Committees Gastroenterology-Urology
Devices Panel. [cited 2018 Feb 9]. Available at: https://wayback.
archive-it.org/7993/20170112002249/http:/www.fda.gov/Advisory
Committees/CommitteesMeetingMaterials/MedicalDevices/Medi-
calDevicesAdvisoryCommittee/Gastroenterology-UrologyDevices
Panel/ucm445590.htm.

32. Petersen BT, Cohen J, Hambrick RD, et al. Multisociety
guideline on reprocessing flexible GI endoscopes: 2016 update.
Gastrointest Endosc. 2017;85:282–294.e1.

33. Snyder GM, Wright SB, Smithey A, et al. Randomized
comparison of 3 high-level disinfection and sterilization proce-
dures for duodenoscopes. Gastroenterology. 2017;153:1018–1025.

34. Alfa MJ, Ribeiro MM, da Costa Luciano C, et al. A novel
polytetrafluoroethylene-channel model, which simulates low levels
of culturable bacteria in buildup biofilm after repeated endoscope
reprocessing. Gastrointest Endosc. 2017;86:442–451.e1.

J Clin Gastroenterol � Volume 00, Number 00, ’’ 2022 WGO Guideline—Endoscope Disinfection Update

Copyright © 2022 World Gastroenterology Organisation. All rights reserved. www.jcge.com | 7
Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

https://www.sgna.org/Practice/Standards-Practice-Guidelines
https://www.sgna.org/Practice/Standards-Practice-Guidelines
https://www.aorn.org/guidelines
http://www.gesa.org.au/resources/infection-control-in-endoscopy/
http://www.gesa.org.au/resources/infection-control-in-endoscopy/
https://www.hayesinc.�com/hayes/resource-center/news-service/HNS-20150420-49/
https://www.hayesinc.�com/hayes/resource-center/news-service/HNS-20150420-49/
http://wayback.archive-it.org/7993/20170722213119/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm462949.htm
http://wayback.archive-it.org/7993/20170722213119/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm462949.htm
http://wayback.archive-it.org/7993/20170722213119/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm462949.htm
http://www.help.senate.gov/imo/media/doc/Duodenoscope%20Investigation%20FINAL%20Report.pdf
http://www.help.senate.gov/imo/media/doc/Duodenoscope%20Investigation%20FINAL%20Report.pdf
http://www.help.senate.gov/imo/media/doc/Duodenoscope%20Investigation%20FINAL%20Report.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091400/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451165.pdf
https://wayback.archive-it.org/7993/20170113091400/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451165.pdf
https://wayback.archive-it.org/7993/20170113091400/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451165.pdf
https://wayback.archive-it.org/7993/20170113091400/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451165.pdf
https://wayback.archive-it.org/7993/20170113091400/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451165.pdf
https://wayback.archive-it.org/7993/20170112002249/http:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/ucm445590.htm
https://wayback.archive-it.org/7993/20170112002249/http:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/ucm445590.htm
https://wayback.archive-it.org/7993/20170112002249/http:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/ucm445590.htm
https://wayback.archive-it.org/7993/20170112002249/http:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/ucm445590.htm
https://wayback.archive-it.org/7993/20170112002249/http:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/ucm445590.htm


35. FDA Medical Devices Safety Communications: Supplemental
Measures to Enhance Duodenoscope Reprocessing: FDA
Safety Communication. Date issued: August 4, 2015 [Internet].
FDA Medical Devices Safety Communications. 2015 [cited
2018 Feb 9]. Available at: http://wayback.archive-it.org/7993/
20170722150658/https://www.fda.gov/MedicalDevices/Safety/
AlertsandNotices/ucm454766.htm.

36. Thaker AM, Kim S, Sedarat A, et al. Inspection of endoscope
instrument channels after reprocessing using a prototype
borescope. Gastrointest Endosc. 2018;88:612–619.

37. Bartles RL, Leggett JE, Hove S, et al. A randomized trial of
single versus double high-level disinfection of duodenoscopes
and linear echoendoscopes using standard automated reproc-
essing. Gastrointest Endosc. 2018;88:306–317.

38. Pajkos A, Vickery K, Cossart Y. Is biofilm accumulation on
endoscope tubing a contributor to the failure of cleaning and
decontamination? J Hosp Infect. 2004;58:224–229.

39. Roberts CG. The role of biofilms in reprocessing medical
devices. Am J Infect Control. 2013 May;41(5 Suppl):S77–S80.

40. FDA CDC ASM Sampling and Culturing Protocols 02 22 18.
pdf; U.S. Food and Drug Administration (FDA), the Centers
for Disease Control and Prevention (CDC), and American
Society for Microbiology (ASM), together with duodenoscope
manufacturers and other experts [Internet]. FDA/CDC/ASM;
2018 [cited 2018 Mar 7]. Available at: https://www.fda.gov/
downloads/medicaldevices/productsandmedicalprocedures/
reprocessingofreusablemedicaldevices/ucm597949.pdf.

41. Weingarten RA, Johnson RC, Conlan S, et al. Genomic
Analysis of hospital plumbing reveals diverse reservoir of
bacterial plasmids conferring carbapenem resistance. mBio.
2018;9:e02011–e02017.

42. Verfaillie CJ, Bruno MJ, Voor in ’t Holt AF, et al. Withdrawal of
a novel-design duodenoscope ends outbreak of a VIM-2-produc-
ing Pseudomonas aeruginosa. Endoscopy. 2015;47:493–502.

43. Jung M, Beilenhoff U. Hygiene: The Looming Achilles Heel in
Endoscopy. Visc Med. 2016;32:21–28.

44. Ling ML, Ching P, Widitaputra A, et al. APSIC guidelines for
disinfection and sterilization of instruments in health care
facilities. Antimicrob Resist Infect Control. 2018;7:25.

45. Murdani A, Kumar A, Chiu H-M, et al. WEO position statement
on hygiene in digestive endoscopy: Focus on endoscopy units in
Asia and the Middle East. Dig Endosc. 2017;29:3–15.

46. Beilenhoff U, Neumann C, Rey J, et al. ESGE-ESGENA
guideline for quality assurance in reprocessing: Microbiological
surveillance testing in endoscopy. Endoscopy. 2007;39:175–181.

47. Chinese Society of Digestive Endoscopy. Consensus of experts
on the safe operation of digestive endoscopy centers in China. J
Dig Dis. 2016;17:790–799.

48. Roberts G, Roberts C, Jamieson A, et al. Surgery and obstetric
care are highly cost-effective interventions in a Sub-Saharan
African District Hospital: A Three-month single-institution
study of surgical costs and outcomes. World J Surg. 2016;40:
14–20.

49. Rennert-May E, Conly J, Leal J, et al. Economic evaluations
and their use in infection prevention and control: a narrative
review. Antimicrob Resist Infect Control. 2018;7:31.

50. Bartsch SM, McKinnell JA, Mueller LE, et al. Potential
economic burden of carbapenem-resistant Enterobacteriaceae
(CRE) in the United States. Clin Microbiol Infect Off Publ Eur
Soc Clin Microbiol Infect Dis. 2017;23:48.e9–48.e16.

51. Bardossy AC, Zervos J, Zervos M. Preventing hospital-
acquired infections in low-income and middle-income countries.
Infect Dis Clin North Am. 2016;30:805–818.

52. Griffiths H, Dwyer L. What every endoscopist should know about
decontamination. Frontline Gastroenterol. 2019;10:167–170.

53. Association for the Advancement of Medical Instrumentation.
Flexible and semi-rigid endoscope processing in health care
facilities ANSI/AAMI ST91:2015 [Internet]. Arlington, VA:
Association for the Advancement of Medical Instrumentation;
2005. Available at: ANSI/AAMI ST91:2015 Flexible and semi-
rigid endoscope processing.

54. Preventing Device-Related Healthcare-Associated Infections
[Internet]. “AAMI Guidelines. [cited 2018 Feb 7]. Available at:
https://s3.amazonaws.com/rdcms-aami/files/production/public/Fil-
eDownloads/Summits/161227_AAMI_HAI_Forum_Report.pdf.

55. ISO 9000:2015(en), Quality management systems — Fundamen-
tals and vocabulary [Internet]. [cited 2018 Jan 18]. Available at:
https://www.iso.org/obp/ui/#iso:std:iso:9000:ed-4:v1:en.

56. ISO 9001:2015 - Quality management systems – Requirements
[Internet]. [cited 2018 Jan 18]. Available at: https://www.iso.org/
standard/62085.html.

57. ISO 13485:2016 - Medical devices – Quality management systems
– Requirements for regulatory purposes [Internet]. [cited 2018 Jan
18]. Available at: https://www.iso.org/standard/59752.html.

58. Beilenhoff U, Biering H, Blum R, et al. Prevention of multidrug-
resistant infections from contaminated duodenoscopes: Position
Statement of the European Society of Gastrointestinal Endoscopy
(ESGE) and European Society of Gastroenterology Nurses and
Associates (ESGENA). Endoscopy. 2017;49:1098–1106.

59. Kallen A FDA Meeting Transcript, Center for Devices and
Radiological Health, Medical Devices Advisory Committee,
Gastroenterology and Urology Devices Panel, May 14, 2015; A
Kallen, CDC Outbreak Investigation, page 199; Gastro05-
14-15.FINAL.pdf [Internet]. FDA; 2015 [cited 2018 Jun 3].
Available at: https://wayback.archive-it.org/7993/2017011
3091355/http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/MedicalDevices/MedicalDevices-
AdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/
UCM451164.pdf.

60. Centers for Disease Control and Prevention (CDC). Broncho-
scopy-related infections and pseudoinfections–New York, 1996
and 1998. MMWR Morb Mortal Wkly Rep. 1999;48:557–560.

61. Ren-Pei W, Hui-Jun X, Ke Q, et al. Correlation between the
growth of bacterial biofilm in flexible endoscopes and endoscope
reprocessing methods. Am J Infect Control. 2014;42:1203–1206.

62. Hervé RC, Keevil CW. Persistent residual contamination in
endoscope channels; a fluorescence epimicroscopy study.
Endoscopy. 2016;48:609–616.

63. Herrmann IF, Heeg P,Matteja B, et al. Risques et dangers cachés
de l’endoscopie, conduite à tenir. Acta Endosc. 2008;38:493–502.

64. Buss A, Been M, Borgers R, et al. Endoscope disinfection and
its pitfalls – requirement for retrograde surveillance cultures.
Endoscopy. 2008;40:327–332.

65. Kovaleva J, Meessen N, Peters F, et al. Is bacteriologic
surveillance in endoscope reprocessing stringent enough? Endos-
copy. 2009;41:913–916.

66. Johani K, Hu H, Santos L, et al. Determination of bacterial
species present in biofilm contaminating the channels of clinical
endoscopes. Infect Dis Health [Internet]. 2018;23:189–196.

67. Otter JA, Vickery K, Walker JT, et al. Surface-attached cells,
biofilms and biocide susceptibility: implications for hospital
cleaning and disinfection. J Hosp Infect. 2015;89:16–27.

68. Olson J FDA Meeting Transcript, Center for Devices and
Radiological Health, Medical Devices Advisory Committee,
Gastroenterology and Urology Devices Panel, May 14, 2015; J
Olson, page 69; Gastro05-14-15.FINAL.pdf [Internet]. FDA;
2015 [cited 2018 Jun 3]. Available at: https://wayback.archive-it.
org/7993/20170113091355/http://www.fda.gov/downloads/
AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDe-
vices/MedicalDevicesAdvisoryCommittee/Gastroenterology-
UrologyDevicesPanel/UCM451164.pdf`.

69. Bridier A, Briandet R, Thomas V, et al. Resistance of bacterial
biofilms to disinfectants: a review. Biofouling. 2011;27:1017–1032.

70. Akinbobola AB, Sherry L, Mckay WG, et al. Tolerance of
Pseudomonas aeruginosa in in-vitro biofilms to high-level
peracetic acid disinfection. J Hosp Infect. 2017;97:162–168.

71. Ofstead CL, Wetzler HP, Johnson EA, et al. Simethicone
residue remains inside gastrointestinal endoscopes despite
reprocessing. Am J Infect Control. 2016;44:1237–1240.

72. Kola A, Piening B, Pape UF, et al. An outbreak of
carbapenem-resistant OXA-48 - producing Klebsiella pneu-
monia associated to duodenoscopy. Antimicrob Resist Infect
Control. 2015;4:8.

Speer et al J Clin Gastroenterol � Volume 00, Number 00, ’’ 2022

8 | www.jcge.com Copyright © 2022 World Gastroenterology Organisation. All rights reserved.

Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.

http://wayback.archive-it.org/7993/20170722150658/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm454766.htm
http://wayback.archive-it.org/7993/20170722150658/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm454766.htm
http://wayback.archive-it.org/7993/20170722150658/https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm454766.htm
https://www.fda.gov/downloads/medicaldevices/productsandmedicalprocedures/reprocessingofreusablemedicaldevices/ucm597949.pdf
https://www.fda.gov/downloads/medicaldevices/productsandmedicalprocedures/reprocessingofreusablemedicaldevices/ucm597949.pdf
https://www.fda.gov/downloads/medicaldevices/productsandmedicalprocedures/reprocessingofreusablemedicaldevices/ucm597949.pdf
https://www.iso.org/obp/ui/#iso:std:iso:9000:ed-4:v1:en
https://www.iso.org/standard/62085.html
https://www.iso.org/standard/62085.html
https://www.iso.org/standard/59752.html
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf
https://wayback.archive-it.org/7993/20170113091355/http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/Gastroenterology-UrologyDevicesPanel/UCM451164.pdf


73. Ofstead CL, Heymann OL, Quick MR, et al. Residual moisture
and waterborne pathogens inside flexible endoscopes: Evidence
from a multisite study of endoscope drying effectiveness. Am J
Infect Control. 2018;46:689–696.

74. Ofstead CL, Doyle EM, Eiland JE, et al. Practical toolkit for
monitoring endoscope reprocessing effectiveness: Identification
of viable bacteria on gastroscopes, colonoscopes, and broncho-
scopes. Am J Infect Control. 2016;44:815–819.

75. Ofstead CL, Wetzler HP, Eiland JE, et al. Assessing residual
contamination and damage inside flexible endoscopes over
time. Am J Infect Control. 2016;44:1675–1677.

76. Shenoy ES, Pierce VM, Walters MS, et al. Transmission of
mobile colistin resistance (MCR-1) by duodenoscope. Clin
Infect Dis. 2018;68:1327–1334.

77. Higa JT, Choe J, Tombs D, et al. Optimizing duodenoscope
reprocessing: rigorous assessment of a culture and quarantine
protocol. Gastrointest Endosc. 2018;88:223–229.

78. Petersen B. Other considerations: Perspective and obligations of
our societies and governmental organizations. Tech Gastrointest
Endosc. 2019;21:150609.

79. Thaker AM, Muthusamy VR, Sedarat A, et al. Duodenoscope
reprocessing practice patterns in U.S. endoscopy centers: a
survey study. Gastrointest Endosc. 2018;88:316–322.

80. Kovaleva J. Endoscope drying and its pitfalls. J Hosp Infect.
2017;97:319–328.

81. Alfa MJ, Sitter DL. In-hospital evaluation of contamination of
duodenoscopes: a quantitative assessment of the effect of
drying. J Hosp Infect. 1991;19:89–98.

82. Petersen BT. Duodenoscope reprocessing: risk and
options coming into view. Gastrointest Endosc. 2015;82:
484–487.

83. Barakat MT, Huang RJ, Banerjee S. Comparison of automated
and manual drying in the eliminating residual endoscope
working channel fluid after reprocessing (with video). Gastro-
intest Endosc. 2018;89:124–132.

84. AORN, Burlingame B, Conner R. Guidelines for Perioperative
Practice. AORN. Incorporated. 2017:919.

85. Saliou P, Le Bars H, Payan C, et al. Measures to improve
microbial quality surveillance of gastrointestinal endoscopes.
Endoscopy. 2016;48:704–710.

86. Perumpail RB, Marya NB, McGinty BL, et al. Endo-
scope reprocessing: Comparison of drying effectiveness
and microbial levels with an automated drying
and storage cabinet with forced filtered air and a
standard storage cabinet. Am J Infect Control. 2019;47:
1083–1086.

J Clin Gastroenterol � Volume 00, Number 00, ’’ 2022 WGO Guideline—Endoscope Disinfection Update

Copyright © 2022 World Gastroenterology Organisation. All rights reserved. www.jcge.com | 9
Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.


