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Summary

Background: Since the late 1970s there have been spo-
radic reports of nosocomial infections linked to endo-
scopic procedures. Infections by multidrug-resistant or-
ganisms (MDRO) have an increasing impact on health-
care systems worldwide. Since 2010 outbreaks involving
MDRO have been reported as a result of endoscopic ret-
rograde cholangiopancreatography (ERCP) from the
USA, France, Germany and the Netherlands. Methods:
This article evaluates the recent outbreaks and develop-
ments and demonstrates a structural approach to how to
prevent future infections. Current national and interna-
tional guidelines were used as a basis for discussions.
Results: In some cases insufficient cleaning or drying
supported the outbreak. In the majority of cases, out-
breaks occurred despite the apparently appropriate re-
processing protocols being in use. Microlesions were
identified on a number of endoscopes, which supported
the growth of bacteria and represented a vehicle for the
transmission of infectious material. National official bod-
ies responded with warnings. Manufacturers informed
their customers accordingly. Separate, purpose-de-
signed reprocessing rooms and a sufficient number of
competent staff provide the structural quality for a safe
reprocessing. The process quality includes a thorough
cleaning of all endoscope channels and crucial instru-
ment components, followed by an automated and vali-
dated reprocessing procedure. Strict adherence to man-
ufacturers’ recommendations is essential. The outcome
quality should be evaluated by regular audits, validation
of reprocessing procedures and microbiological surveil-
lance. If outbreaks occur, a close co-operation with offi-
cial bodies and manufacturers is essential. Conclusion:

Health care professionals and manufacturers should be
aware of their responsibility to ensure patient safety. A
structural approach is key in prevention of endoscopy-
associated infections.

© 2016 S. Karger GmbH, Freiburg

Introduction

Flexible endoscopes are complex and sophisticated instruments
inserted into the human body through natural orifices for diagno-
sis and/or therapeutic purposes in all areas of the digestive tract.
Gastrointestinal endoscopes with external diameters of approxi-
mately 0.3-1.4 cm contain narrow-gauge channels for aspiration,
flushing and passage of additional endoscopic equipment. This de-
sign enables direct non-surgical treatment with tissue sampling,
haemostasis, stricture dilation and manipulation of the biliopan-
creatic system. Specially modified endoscopes are required for
treating common bile duct stones or strictures in the pancreatic
and biliary ducts (stents). These instruments have a side-viewing
lens and an additional channel with a guidewire for manipulating
the endoscopic probes up and down (the elevator wire channel).

Due to this constant stress, endoscopes, in particular for endo-
scopic retrograde cholangiopancreatography (ERCP), are subject
to constant mechanical wear and require frequent repair. Efficient
reprocessing is required when used in highly colonised areas
(colon) or sterile areas of the body (biliary duct, pancreatic duct).

Reprocessing

Due to their complex design, endoscopes cannot be sterilised.
Sterilisation is defined as the complete destruction of all micro-or-
ganisms including bacterial spores. The endoscope design would
not withstand the high temperatures (>200 °C) used in sterilisation
processes [1].
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Endoscopes are classed as semi-critical instruments and are
therefore disinfected. Disinfection means irreversible inactivation
or destruction of a substantial proportion of the micro-organisms,
in numbers that allow safe reuse of the instrument.

There are 6 steps involved in the reprocessing of flexible endo-
scopes [1-3]:

(1) (pre-)cleaning with function control

(2) cleaning including a leak test and manual cleaning by brushing
all accessible channels and critical components

(3) rinsing

(4) disinfection

(5) neutralisation in the form of a final rinse, and drying;

(6) transport and storage in a safe environment to avoid recon-
tamination.

Brushing all channels in the cleaning step alone leads to a 4-6
log reduction in micro-organisms. This procedure is, therefore,
critically important for the subsequent disinfection step, whether
manual or automated. The disinfection step causes an additional
4-6 log bacterial reduction with killing of all viruses and mycobac-
teria. Nowadays disinfection is predominantly carried out in endo-
scope washer disinfectors (EWDs), using glutaraldehyde or per-
acetic acid. The entire reprocessing procedure therefore has a bac-
terial reduction of up to 12 log cycles. In American guidelines this
is called ‘high-level disinfection’ [2, 3].

Reprocessing of flexible endoscopes is considered to be a safe
process. However, the margin of safety is minimal. With the nor-
mal bacterial load for instruments of up to 10 log cycles and an
elimination rate of 8-12 log; o, reprocessing only provides a 0-2 log
margin of safety when properly conducted. Therefore, any devia-
tion from reprocessing protocols could lead to a decrease in bacte-
rial reduction, increasing potential risk of patient-to-patient trans-
mission [2]. Drying is conducted partly in the EWD, partly manu-
ally. Drying cabinets are increasingly used for automated drying
and safe storage in a controlled environment.

In contrast to the endoscopes, additional endoscopic equipment
(forceps, polypectomy snares, papillotomes) must be sterile. These
damage internal surfaces and are classed as critical instruments due
to their contact with blood and lymph vessels [1, 4]. They are pre-
dominantly supplied as single-use devices. Although reprocessing
of biopsy forceps, for example, is possible in principle under sterile
conditions, single-use instruments are currently preferred due to
their wide availability, the benefit of traceability and low pricing
[5]. The hygiene process is therefore subjected to particular atten-
tion and monitoring in endoscopy.

Studies performed 10-15 years ago showed the vulnerability
and limits of this procedure. The Bavarian HYGEA study (2000)
and the later QSHE study (2002), which studied endoscopic units
(practices and clinics) directly, reported a high level of microbial
contamination (15-50%) following reprocessing, predominantly
with waterborne bacteria (Pseudomonas aeruginosa) [6, 7]. Prob-
lems were more common with manual reprocessing alone than for
automated procedures, and also in units with fewer than 100 en-
doscopies per quarter. Both studies identified significant deficien-
cies in materials and use. These involved in particular insufficient
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brushing, inappropriate reprocessing of water bottles and lapses
in drying. The studies showed that automated reprocessing pre-
ceded by brush cleaning yielded the most reliable results, since
human error is a non-negligible factor in manual cleaning and
disinfection.

Standards and Recommendations

Over the last 10 years national and international companies
have tightened up guidelines on the cleaning and disinfection of
endoscopes in gastrointestinal endoscopy. The European guide-
lines (ESGE - ESGENA 2000, 2003, 2007, 2008) have been revised
and amended several times in recent years [1, 8-11]. The German
recommendations of the Robert Koch Institute (Hygiene require-
ments for the reprocessing of flexible endoscopes and additional
endoscopic equipment) were last revised in 2012 [12, 13]. US and
Australian guidelines are revised regularly [3, 4, 14-16].

As well as a warning to comply strictly with the measures, the
German and European guidelines in particular emphasise the need
for periodic microbiological surveillance. This recommendation
for the endoscopes to be checked every 3 months is missing in the
US guidelines since the evidence-based approach of microbiologi-
cal surveillance is controversially discussed [16].

Reprocessing of flexible endoscopes has hitherto been consid-
ered as safe, provided that the strict conditions of the national and
international professional associations are complied with [1, 13].
Since the 1970s there have been recurring sporadic reports of en-
doscopy-associated infections. These isolated infections following
endoscopic interventions were generally traced to non-compliance
with the standardised protocols [17, 18].

The Problem of Multidrug-Resistant Gut Microbiota
and Duodenoscopes

Recent publications and reports have shown just how minimal
the margin of safety in endoscopic reprocessing is. The series of
ERCP-associated infections with multidrug-resistant pathogens in
the US have prompted special attention and media interest.

In 2013, 39 cases of carbapenem-resistant Escherichia. coli/New-
Delhi-metallo-B-lactamase (NDM+) were identified in a hospital
in Illinois, USA. Stool samples tested positive for bacteria [19]. The
instrument triggering the infection was identified as the duodeno-
scope. Although the endoscope did not subsequently test positive
for bacteria, and there was no breach in the reprocessing protocol,
changing from disinfection with aldehyde to gas sterilisation with
ethylene oxide halted the infection.

In a hospital in Seattle, 32 cases of multidrug-resistant E. coli
occurred [19]. All patients had been treated by ERCP. 16 patients
(7 within 31 days) died during follow-up. However, the high co-
morbidity for these patients meant that the relevance of the bacte-
rial infection to the cause of death was unclear. A critical inspec-
tion of the reprocessing process did not identify any breaches of
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any of the procedures. However, 4 out of 8 duodenoscopes were
contaminated; 3 out of the contaminated 4 were critically malfunc-
tional and had microlesions that were discovered during the then
introduced servicing of the devices. However, despite the introduc-
tion of new requirements for quality management and infection
control, with replacement of all endoscopes and bacteriological
controls after each procedure with 48-hour quarantine, there was
still a 2% positive bacterial culture within a year. Critical questions
are therefore being asked on the actual efficiency of conventional
reprocessing protocols [20, 21].

Finally the infection series in France, Germany and the Nether-
lands have shown that the infections with multidrug-resistant mi-
cro-organisms are not restricted to America [22-24]. Between De-
cember 2008 and August 2009, 16 patients in France tested positive
for multidrug-resistant Klebsiella pneumoniae (ESBL type CTX-M-
15; 8 bloodstream infections, 4 biliary tract infections and 4 cases of
faecal carriage). However, a review of reprocessing did identify
lapses in the manual cleaning and drying steps. The outbreak ended
following strict compliance with the reprocessing guidelines [22].

A similar report of carbapenem-resistant K. pneumoniae
(CRKP) was published by the Charité Berlin [23]. From December
2012 to January 2013, 6 patients undergoing ERCP with the same
endoscope tested positive for predominantly rectal bacteria. In this
case no CRKP microbial growth was subsequently detected on the
instrument itself. However, enterococci were detected on another
duodenoscope during routine checks. The presence of enterococci,
bacterial indicators for lapses in cleaning, suggests that there may
have been irregularities in the manual cleaning process [9, 13, 25].
An end to the infection was achieved after the endoscopes were
serviced, where once again minor defects were discovered at the
distal end and the outer sheath.

A rise in pseudomonas infections was noted in a clinic in Rot-
terdam in early 2012, following which the usual screening methods
and follow-up investigations were initiated [24]. By April 2013, 30
patients were identified with VIM-2-positive P. aeruginosa, 22 of
whom had been treated by ERCP. The distal end of the endoscope
below the elevator lever tested positive for bacteria. Problems due
to wear and tear — sludge behind the glass lens, faulty sealing O-
ring and on the enclosed elevator wire channel - led to it being sent
back to the manufacturer, following which contamination ceased
[24]. No lapses in reprocessing were detected in the Netherlands
production series.

Outbreaks of multidrug-resistant bacteria are not just a problem
in gastrointestinal endoscopy. Outbreaks have also been reported
in bronchoscopy [26].

What Changes Have There Been to Duodenoscopes
and the Bacteriological Spectrum?

Side-viewing endoscopes fitted with an elevator wire channel
system have always had a zone in and around the forceps elevator
that is difficult to access for cleaning and disinfection purposes.
Manufacturers (Olympus, Pentax, and Fuji) have a range of de-
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Fig. 1. Cleaning brushes in different sizes.

signs to move the elevator. Whereas an earlier production series
(Olympus TJF-160) had a fully open elevator wire channel for
moving the elevator, as well as a connection on the endoscope con-
trol for flushing this narrow channel, the new TJF-180 series has a
completely sealed guidewire channel. In addition, the distal end of
the endoscope is completely fixed, whereas earlier series had a re-
movable distal cap making it easier to clean and disinfect. The ma-
jority of infections were associated with the new type (TJF-180,
Olympus) [27, 28] (fig. 1). The manufacturer has warned repeat-
edly that due to its particular design a special cleaning brush must
be used for the pre-cleaning. This smaller brush has a more com-
pact design and finer brush fibres than the usual types of brush
(fig. 2, 3). It is not clear how consistently this recommendation was
followed.

The US Food and Drug Administration (FDA) has responded
to the repeated series of infections from duodenoscopes by issuing
safety communications in February, May and August 2015 [29].
This warns of the particular problem of the distal end of duodeno-
scopes and the difficulty of cleaning it with the risk of residual bac-
terial clusters. It urgently recommends that reprocessing of duo-
denoscopes be conducted meticulously, in strict compliance with
the manufacturer’s specifications. It also advises that patients be
informed of the risk of bacterial transmission in ERCP [29].

Likewise, the German Federal Institute for Drugs and Medical
Devices (Bundesinstitut fiir Arzneimittel und Medizinprodukte;
BfArM) and the Robert Koch Institute have also commented on
this problem in their 07/2015 Circular. Due to the cluster of infec-
tions with multidrug-resistant pathogens together with the design
problems of the instruments, a warning was issued to comply
strictly with the reprocessing steps [30].

Today, duodenoscopes have various designs for the distal end
[31]. There are 4 different forms that allow the elevator to be
moved:
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Fig. 2. a Removable distal end (Olympus TJF 160) with rinsable elevator wire
channel. b Brushing of biopsy channel and flushing of elevator wire channel
before EWD reprocessing.

- afixed distal end and a rinsable elevator channel (Fujinon, old
version of Olympus);

- afixed distal end and a sealed elevator channel (Olympus 180
and Pentax);

- aremovable distal end and a rinsable elevator channel (Olym-
pus 160);

- aremoval end that can be completely disassembled and auto-
claved together with an elevator wire channel system through
which a brush can be passed (Storz).

Apart from the fourth design, all instruments from the various
manufacturers have been affected by infections.

The serial infections all tested positive to multidrug-resistant
gut flora (carbapenem-resistant Enterobactericeae; CRE), which
pose an additional therapeutic problem. Bacteria that are resistant
to 3 different classes of antibiotics (3 MRGN - multiresistant
Gram-negative) can still be treated with the substance carbapenem.
However, if they are resistant to this group, there is a 4-level prob-
lem (4 MRGN) and virtually no antibiotics are effective against this
type of infection [32, 33]. Multiresistant CRE (‘superbugs’) may
contain enzymes (carbapenemnase) that hydrolyse the p-lactam
ring of the antibiotic and inactivate the substance. Due to the lack
of efficient antibiotics mortality can rise to 40-50%. Multiresistant
CRE bacteria are also capable of transmitting genetic material [27].
Several strains of carbapenemnase-producing gut bacteria have
been detected following infections via duodenoscopes [32].

K. pneumoniae carbapenemnase (KPC)-producing Enterobacte-
riceae were found in Berlin [23] and during the outbreak in France
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Fig. 3. a Brushing of biopsy and suction channel. b-d Brushing of small com-
ponents of elevator mechanism.

[22]. NDM-1 (New Delhi metallo-B-lactamase-1 E. coli) caused the
infection in Illinois [19]. VIM-producing Enterobactericeae were
identified as triggering the infection in the Netherlands [24].
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In September 2015, Petersen [28] summarised the situation in
the USA: 4 institutions were affected according to medical publica-
tions; 5 further localisations have been made public. While there
was 1 cluster prior to 2010, the most frequent outbreaks were re-
corded between 2012 and 2014; 20 patients died in 60 clinical in-
fections, and 1,000 patients were at the screening stage, of whom
> 100 were non-symptomatic bacteria carriers.

Instruments from all 3 major endoscope manufacturers are af-
fected, which all offer different designs for side-view instruments.
The problem is primarily seen as the permanent contamination in
and around the elevator and the elevator wire channel as well as the
lack of cleaning accessibility. Prevalence is increasing. What is dis-
turbing is the bacterial resistance and limited treatment options
despite so-called ‘high-level disinfection’ (2%). Patients with ad-
vanced tumours and immunosuppression are seen as at the highest
risk. Diagnosis is delayed due to the need to wait for clinical verifi-
cation, which is often weeks and months after the endoscopic ex-
amination. Mortality is increasing.

The current duodenoscope-associated infection series caused
by multidrug-resistant gut flora has the following key character-
istics. The starting point is an increase in infections with multid-
rug-resistant pathogens in healthcare units and in hospitals. The
patient’s gut acts as the reservoir for the pathogens. It is therefore
primarily not endoscoped patients, but patients who are bacterial
carriers who transmit the bacteria to other non-affected patients
via environmental contamination (hands, sanitary areas - toilets,
wash basins, showers, door handles). Poor hand hygiene by clinic
staff plays a crucial role in further spreading the bacteria [23, 27].
The duodenoscope, due to its complex design that makes repro-
cessing difficult, becomes a transmitter of bacteria unless repro-
cessing achieves total bacterial elimination [18-24, 34]. Since in-
fections with these bacteria do not necessarily occur immediately
after an endoscopic intervention, and transmitter patients from
other wards are not necessarily endoscoped, the underlying route
of these bacterial outbreaks is difficult to ascertain. They are
therefore difficult to trace. There is some speculation that the
current series of infections may only be the tip of the iceberg
[34].

Ensuring Reprocessing Quality and Infection
Prevention

What lessons can we learn from this new situation? What struc-
tures, behaviours and control mechanisms are needed in terms of
structure, process and outcome quality to prevent infections?

Reprocessing Units

A separate, purpose-equipped reprocessing room is a require-
ment in all national and international guidelines and is now the
standard [1-4, 8-16, 35]. Strict spatial and procedural separation of
contaminated and clean work steps is crucial for occupational
safety and prevention of recontamination, with the current trend
towards two-room concepts [35]. Centralised reprocessing units

Hygiene: The Looming Achilles Heel in
Endoscopy

are now established either in the endoscopy unit or the central ster-
ile services departments.

Qualification and Awareness of Responsibilities

Endoscopes are medical devices with a complex design, which
require detailed specialist knowledge and special care during re-
processing. Guidelines and healthcare regulatory bodies require
that only qualified personnel reprocess endoscopes. Special train-
ing programmes have been established in many countries to com-
municate the aspects of hygiene, infection prevention, reprocessing
procedures and instrument technology.

In addition to a general qualification, personnel must be famil-
iar with the special design of each endoscope used in the respec-
tive endoscopy department; this also applies to endoscopes on
loan. General reprocessing recommendations are not sufficient
here. Detailed reprocessing protocols for each endoscope are fun-
damental to safe reprocessing. Staff must for example have a de-
tailed knowledge of the channels and specific components such as
the structure of the elevator system to be able to conduct repro-
cessing correctly.

These standard operating procedures should be retained even
after instruments are taken out of service. In the outbreak in the
Netherlands [24] these reprocessing standards could not be pro-
duced as evidence of correct reprocessing, which in the event of
audits by the regulatory bodies may well also bring legal problems
with it. The reported outbreaks in the past and the reported case
from France were traced to reprocessing errors [1, 22].

There are various endoscope models from different manufac-
turers on the market for the various endoscopic interventions. In
the current ERCP-related outbreaks, the design of the distal end
was discussed as potential cause of the infections [19, 24, 34]. This
underlines not only the need for intensive training and instruction
in use of the instrument but also makes the duty to report and no-
tify clear: If the user thinks that the design of a medical device (en-
doscope) makes it difficult to reprocess it correctly or discovers
problems with the use of the instrument, it is his professional duty
to contact the manufacturer immediately. If problems persist they
must be notified to the relevant authorities. These contacts should
not be left until an outbreak occurs but should occur at the first
signs of a problem. In Germany there is a duty to report to the
BfArM, in the USA to the FDA [12, 36]. This is essential to enable
the manufacturer to respond to problems with the instruments,
provide solutions and assistance. In the case of serious incidents
the authorities may issue warnings and initiate investigations, as
has occurred in Germany and the USA [29, 30].

Hand Hygiene - Tools for Infection Prevention

The outbreaks with multidrug-resistant bacteria demonstrate
the complex interaction between personal hygiene and patient-to-
patient transmission. The hands of patients and staff, the patient
environment and objects function as vehicles of transmission. Cor-
rect, hygiene-conscious behaviour by staff is crucial in ensuring
patient and staff safety. The WHO Guidelines on Hand Hygiene
have been implemented globally via national campaigns [37].
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In addition to staff qualifications, the number of available staff
also affects hygiene quality. Hugonnet et al. [38] evaluated hospital
infections in intensive care wards and calculated that 27% of infec-
tions could have been prevented by adequate staffing levels. A re-
view of 96 studies confirms low hand hygiene compliance at inad-
equate staffing levels and high workloads [39].

Data show the positive effect of training on patient safety [39-
41]. Pittet et al. [40] showed that hospital-wide hygiene campaigns
with training led to a reduction in hospital infections (from 16.9%
to 9.9% in 4 years; p = 0.04), and reduced methicillin-resistant
Staphylococcus aureus (MRSA) infections from 2.16 to 0.93 cases
per 10,000 patient days (p < 0.001) [37]. Santos et al. [41] evaluated
hand hygiene compliance in endoscopy. Due compliance with
hand hygiene was initially 21.4% in total (medical staff 15%, nurs-
ing staff 30.5%). After training and a 10-month interval, due com-
pliance with hand hygiene rose to 73% in total (medical staff 69.4%
and nursing staff 83.3%).

Working in a hygienically correct way with patients and during
reprocessing is the most important tool in infection prevention.

Reprocessing and Design Issues

Today, standardised and validated reprocessing procedures per-
formed in EWD is recommended in principle in all guidelines. The
manual cleaning step is extremely important, even if automated
reprocessing is performed, to loosen coarse impurities from critical
components and narrow inner lumens efficiently. This thorough
cleaning is essential for successful disinfection [1, 3, 13]. If residual
contaminants are left in the instrument, disinfection may fail under
certain circumstances [1-3, 13, 18].

Manufacturers are required by law to provide precise recom-
mendations for reprocessing their medical devices. It is the respon-
sibility of users to familiarise themselves with the design of the en-
doscope including the channels in detail.

Once pre-cleaning has been completed by flushing/suction of
the endoscope channels in the examination room, manual cleaning
including leak testing and manual brush cleaning is conducted in
the reprocessing room.

Outbreaks in intensive care wards with bronchoscopes and
transesophageal echocardiogram (TEE) probes were traced to
damage to instruments and a lack of leak testing [18, 42, 43]. In the
current ERCP-associated outbreaks minor defects were detected
on the duodenoscopes at the distal end, on the outer sheath, on the
elevator enclosure and on cover lenses, which were apparently not
discovered during reprocessing or during use of the instruments,
but only following the outbreak during servicing [19-24]. Due to
these defects, organic material in the interior of the endoscope was
able to function as a bacterial growth medium (bio films). It is not
explicitly emphasised in the publications whether the leak test re-
quired by the manufacturer was always performed, but audits did
not discover any lapses in the reprocessing cycle.

Given the hypothesis that the leak test might not always detect
very small minor defects, the question arises as to whether more
intensive, routine servicing should be established for these complex
design, sensitive duodenoscopes. Regular replacement of individ-
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ual components can also be discussed to rule out microlesions that
a leak test cannot capture. Manual brush cleaning is showing a
clear trend towards single-use brushes. European, Dutch and UK
guidelines recommend exclusively single-use brushes to prevent
cross-contamination and to ensure constant high-quality brushes
[1, 44, 45], while the German and US recommendations continue
to permit multiple-use brushes, although if these are used they ad-
vise consistent reprocessing between individual applications and
emphasise brush quality [3, 13]. However, the supplementary com-
ments from the Robert Koch Institute emphasise the quality of the
cleaning brushes and the difficulties of effective cleaning [46, 47],
which in turn is an argument for conversion to single-use brushes.
Multiple use of single-use brushes in several endoscopes is always
to be avoided to prevent cross-contamination.

Duodenoscopes with fixed distal caps and enclosed elevators
have been particularly implicated in the current outbreaks [19-24].
The instruments require a particularly meticulous and accurate
manual cleaning since crevices behind the elevator cannot be
reached with conventional brushes. The manufacturer provides
particularly small brushes with detailed recommendations on re-
processing, which should be followed.

Removable distal caps have the benefit that critical components
such as the forceps elevator are easier to clean manually but require
special care to ensure they are correctly fixed before the start of the
examination.

If the elevator channel is rinsable, it must first be flushed with
detergent at the pre-cleaning stage through a special connector, at-
tached to the EWD and then dried carefully.

Improving the design of duodenoscopes poses a challenge for
the manufacturers. A move to the use of materials that permit
them to be autoclaved may be considered. There are already some
flexible bronchoscopes on the market that can be autoclaved. Steri-
lisation offers a far greater margin of safety than disinfection [2,
27]. Even if individual components or the entire endoscope can be
autoclaved, thorough cleaning will still be required to ensure steri-
lisation is successful.

Process Validation and Microbiological Surveillance

Automated reprocessing procedures using EWDs must be vali-
dated in accordance with EN ISO 15883 to evaluate the reprocess-
ing system as a whole. The Operational Qualification (OP) should
be tested at the various loadings, which represent the endoscopes
from each department [11].

Quality control of the outcome quality of reprocessing cycles in
an EWD and the endoscopes can be ensured through routine mi-
crobiological controls and regular routine technical controls. They
are helpful tools for early detection of deficits, damage and errors
in reprocessing [10, 11]. In contrast to Europe, microbiological
controls are not as yet conducted routinely in the USA. The US
guidelines have commented critically in terms of their significance
[3]. In summer 2015 the FDA and Center of Disease Control and
Prevention (CDC) responded to the outbreaks with multidrug-re-
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sistant bacteria. The CDC published a preliminary protocol for mi-
crobiological surveillance for duodenoscopes only, which does not,
however, cover all channel systems and critical points of the endo-
scope [48].

The European guidelines, such as the German guidelines, rec-
ommend conducting microbiological controls for all classes of en-
doscopes every 3 months on a rolling basis. Every endoscope in a
department should be checked at least once per year. This allows
any defects in the instrument that might form bacterial reservoirs
and reprocessing errors to be identified early 10, 13, 25].

However, discussion of microbiological surveillance has also
sparked controversy in Europe. These discussions focus on the
method selected [34, 49-51]. In the current outbreaks in France,
bacteria tests were only positive following repeated brush swabs
[22]. Further studies on method comparison are required [51],
which will be incorporated in a revision of the guidelines.

Outbreak Management

In the event of outbreaks the instruments concerned (endo-
scopes and EWDs) must first be taken out of service until the cause
has been ascertained, defects rectified, services conducted and a
microbiological control performed to confirm that the reprocess-
ing is now safe [1, 10, 13, 25].

In the current outbreaks the relevant health regulatory bodies
were contacted and the appropriate investigations launched [21-
25]. Epstein et al. [19] were only able to end the outbreak by steri-
lising the duodenoscopes. However, the FDA comments critically
on the sterilisation of the endoscopes [29]. Ethylene oxide gas steri-

lisation or liquid chemical sterilant processing systems are not rec-
ommended as routine procedures. The FDA presents the disadvan-
tages of these procedures.

From cases of suspected microbial transmission to the manage-
ment of outbreaks as well as during the development of novel in-
struments, it is essential that the endoscopy team collaborate
closely with the hospital hygiene and microbiology departments.
Where problems or outbreaks occur, the relevant healthcare bodies
should be informed promptly and involved in the management at
all later stages. Close collaboration with the manufactures is also
essential.

Conclusion

Safe reprocessing is key to patient safety in endoscopy. Non-
compliance with guidelines and deviations from standardised and
validated reprocessing protocols lead to reprocessing faults, with
the possibility of patient-to-patient transmission. Current out-
breaks with multidrug-resistant bacteria show how narrow the
margin of safety is despite compliance with reprocessing protocols.
Staff training, adherence to guidelines and manufacturers’ specifi-
cations and regular hygiene surveillance are important tools in the
prevention of infections. If infections occur they should be man-
aged within the multidisciplinary team.
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