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Abstract

Background: Duodenoscopes are semi-critical devices used for endoscopic retrograde
cholangiopancreatography (ERCP). Disinfection of these instruments is usually based on high-level
disinfection procedures with a manual or automated endoscope reprocessor (AER). Duodenoscopes and
AER are reported very rarely as a source of infection and outbreaks.
Aim: To investigate an outbreak caused by Pseudomonas aeruginosa in a Gastroenterology Department
and ERCP unit in a university hospital and its underlying risk factors.
Method: Three patients in the gastroenterology unit were diagnosed as infected by multidrug-resistant
P. aeruginosa and a case control study was conducted for detection of the risk factors. Our infection
control team commenced active epidemiological surveillance to determine the cause of these infections.
Clonal relationship of the strains was investigated by pulsed field gel electrophoresis (PFGE).
Results: Eight patients were affected in the gastroenterology unit during the period November 2007-
February 2008. The case-control analysis confirmed that undergoing ERCP was significantly associated
with isolation of P. aeruginosa (P=0.0001) in this unit. Six patients' isolates and seven environmental
isolates had an indistinguishable PFGE profile, confirming cross-transmission. The healthcare worker
implemented infection control measures to resolve the outbreak and no further cases occurred.
Conclusions: This outbreak resulted from failure of AER and inadequate high level disinfection
procedures. AERs can cause contamination of duodenoscopes and can be related P. aeruginosa
outbreaks. Reuse of ancillary materials of ERCP play a critical role in outbreak development.
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Introduction
Pseudomonas aeruginosa is a well-known pathogen associated
with hospital-acquired infections. Multidrug-resistant P.
aeruginosa infections are often associated with increased
mortality [1,2]. Specific environmental surfaces identified
during outbreak investigations as sources of antibiotic-resistant
P. aeruginosa include various medical equipment [3-7].
Endoscopic retrograde cholangiopancreatography (ERCP) is
now commonly used in gastroenterology units both for the
diagnosis and the treatment of biliary and pancreatic disorders,
and outbreaks of ERCP-related infections have been described
[8-11]. Although automated endoscope reprocessors (AERs)
offer several advantages compared to manual reprocessing,
failure of AERs has been linked to outbreaks of infections or
colonization [7-9,12-14]. We report an outbreak caused by P.

aeruginosa in a university hospital gastroenterology unit and
the underlying risk factors.

Materials and Methods

Setting
This study was conducted in a tertiary teaching hospital with
850 beds and 10 intensive care units. The Gastroenterology
Department (GD) and ERCP unit are located on the second
floor. ERPC is performed on 40 or more patients per month in
this unit. Other gastrointestinal endoscopic procedures such as
gastroscopy and colonoscopy are performed in the
Gastrointestinal Endoscopy Unit on the ground floor. An
infection control team, comprising two infectious disease
specialists, a microbiologist and three infection control nurses,
meets weekly for surveillance and case evaluation.
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The gastrointestinal endoscopes and automated
endoscope reprocessors
The ERCP unit had three duodenoscopes (two Evis Lucera
TJF-260V, one Evis Lucera JF-260V, KeyMed, and Olympus,
UK) that are used for retrograde cholangiopancreatography.
This duodenoscopes are disinfected in an automated endoscope
reprocessor (Choyang CYW-100, Choyang Medical Industry
Co., Ltd., Korea) in the ERCP unit. The Gastrointestinal
Endoscopy Unit has four gastroscopes (GIF F02-602,
Olympus), two colonoscopes (CF 240 L and PCF 240
Olympus), and three AERs (one Choyang CYW-501, Choyang
Medical Industry Co., Ltd., Korea, two Choyang CYW-100,
Choyang Medical Industry Co., Ltd., Korea). The AERs had
been used for 10 months previously. At the end of each
procedure, the gastrointestinal endoscopes were cleaned
manually with water and detergent before disinfection in the
AERs. Each lumen of the endoscopes was scrubbed internally
with special brushes. The endoscopes were then disinfected in
an AER with 2% glutaraldehyde.

Epidemiological investigation
Case control study: A case-control study was performed to
identify the risk factors for a P. aeruginosa outbreak. A “case
patient” was defined as any patient who suffered an infection
with a P. aeruginosa strain isolated from a clinical specimen
between November 2007 and February 2008 in the
Gastroenterology Department (GD). “Control patients” were
chosen randomly among patients who were hospitalized in this
department during the same period but did not develop a P.
aeruginosa infection. Each case patient was matched to 7
control patients.

Data collection
The data collected from medical records included age, gender,
main diagnosis, underlying diseases, diseases associated with
an immune-compromised status, diabetes mellitus, renal
failure, heart disease excluding hypertension, previous stay at
an intensive care unit (ICU) and antibiotic treatment,
microbiological data, clinical evaluation, type of infection, and
outcome. Procedure-specific information including date of the
procedure and the endoscopes was also recorded. Nosocomial
infections were defined according to the criteria of the Centres
for Disease Control and Prevention (CDC) [15].

Microbiologic methods and environmental
investigations
Environmental sampling: During the outbreak, surveillance
samples were taken from various equipment including
duodenoscopes, gastroscopes, colonoscopes, biopsy forceps,
sphincterotomy knives, and catheters. We also analyzed 19
samples from the surface of the gastrointestinal endoscopy
room, the ERCP room, final rinse water from the AERs, the
water bottles for endoscopic irrigation, the filters, the detergent
tank and the water tank of the AERs and detergent and
disinfectant solutions.

Specimens from valves and the washer basin were taken by
using pre-moistened sterile cotton swabs. Detergent and
disinfectant specimens were taken directly from the detergent
tank and unopened detergent bottles. The endoscopes were
flushed with 20 ml of sterile water through the biopsy channel
and water was collected in sterile containers. Other item
sampled included tap water used for manual cleaning and
terminal rinsing of endoscopes, and samples from the
automatic endoscope reprocessor. All samples were plated onto
blood agar and eosin-methylene blue agar.

Identification
P. aeruginosa was identified by its characteristic metabolic test
results, and ability to grow at 42ºC. The isolates were further
identified by the Phoenix Automated Microbiology System
(Becton Dickinson Microbiology System).

Antibiotic susceptibility testing
Minimal inhibitory concentrations (MIC’s) of gentamicin,
ceftazidime, ciprofloxacin, levofloxacin, piperacillin/
tazobactam, cefoperazone/sulbactam, cefepime, and imipenem
for patients’ isolates were determined by the E Test
(bioMerieux, Marcy l'Etoile, France) method. The criteria of
the Clinical and Laboratory Standards Institute were used to
define susceptibility or resistance to these antimicrobial agents
[16].

MDR P. aeruginosa was defined as resistant to at least 3 of the
following anti-pseudomonal agents: beta-lactams/inhibitors
(piperacillin-tazobactam), cephalosporins (cefepime,
ceftazidime), carbapenems (imipenem, meropenem),
quinolones (ciprofloxacin, levofloxacin), and aminoglycosides
(amikacin, gentamicin) [17].

Genotyping
Pulsed Field Gel Electrophoresis (PFGE): Molecular typing
was performed on 15 P. aeruginosa isolates of which 8 were
from patient samples and 7 from environmental samples.
Isolation and deproteinization of the genomic DNA were done
following the rapid PFGE protocol of Durmaz et al. with minor
modifications [18]. Briefly, bacterial isolates grown on blood
agar were suspended in 1 ml cell suspension buffer (100 mM
Tris-HCl, 100 mM EDTA • pH: 8.0•) and the optical density
was adjusted to 0.7 (•=590) in the spectrophotometer (Boeco,
Hamburg, Germany). The bacterial suspension was mixed with
an equal volume of 2% low-melting point agarose (Gibco
BRL, Paisley, UK) and dispensed into PFGE plug molds. After
enzymatic digestion of the cells and washing of the plugs,
genomic DNA in the agarose plugs was restricted by 20 U of
SpeI (Promega Corporation, WI, USA). Fragmented DNA was
electrophoresed in 1% pulsed-field certified agarose by using a
CHEF-DR II system (Bio-Rad Laboratories, Nazareth,
Belgium) with the running buffer (0.5 × TBE buffer, pH=8.4)
cooled to 14°C at 6 V/cm2 under the following electrophoresis
conditions: for block 1, an initial switch time of 5 s, a final
switch time of 45 s, and a run time of 20 h; and for block 2, an
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initial switch time of 30 s, a final switch time of 45 s, and a run
time of 10 h. The gel was stained with ethidium bromide (5•
g/ml) and photographed under UV light. The DNA band
profiles were analyzed with the GelCompar software (version
3.0; Applied Maths, Sint-Martens-Latem, Belgium). The clonal
relationships of the strains were evaluated according to the
criteria of Tenover et al. [19].

Statistical analysis
SPSS version 16.0 was used for all data management and
analysis. The data were expressed as the mean ± SD for
continuous variables and as frequencies (%) for categorical
variables. The differences of continuous variables between the
groups were assessed using the independent sample t test,
while the χ2 test was performed for categorical variables. P
values<0.05 were considered as statistically significant.
Logistic regression analysis was used to examine the
relationship between the significant variables. The odds ratios
(ORs) were calculated for each explanatory variable.

Results

Description of the outbreak and case patients
During a 24 day period in November 2007, 2 cases of
bacteremia and 1 case of peripancreatic abscess caused by
multidrug-resistant P. aeruginosa were detected among

patients in the GD. The attack rate of P. aeruginosa infections
during the outbreak (0.99%) was significantly higher than the
attack rate for the former six month period (0.098%;
P=0.0078); therefore, an active epidemiological surveillance
was commenced. Eight patients were affected during the study
period in the GD and our infection control team discovered that
all of these cases had recently undergone ERCP. Table 1 shows
the demographic and clinical characteristics of the eight
definitive case-patients. Four patients developed sepsis either
primarily (patients 2 and 6) or secondary to infections at other
sites, i.e., cholangitis (patient 3), and empyema of the
gallbladder (patient 5). Three of the eight patients (37.5%)
(Patients 5, 6 and 7) died. The mortality did not appear to be
directly related to the ERCP-associated infection in any of
these three patients. Two patients had severe cardiac pathology
and one had sepsis syndrome caused by Klebsiella spp.

Case-control study
The case-control study confirmed that undergoing ERCP
recently was significantly associated with isolation of P.
aeruginosa in the GD. All 8 case-patients had recently
undergone ERCP compared with 14 of the 56 control-patients
(100% vs. 25%; P=0.0001), that’s why the OR for this variable
was not calculated (Table 2). In addition, a recent stay at the
intensive care unit (ICU) and use of antibiotics were also a risk
factor for P. aeruginosa infection (OR=16.2; P=0.012 and
OR=11.0; P=0.005, respectively).

Table 1. Characteristics of the eight patients infected with multidrug-resistant P. aeruginosa.

Patient No. Age/sex Diagnosis Underlying
disease

Date of
ERCP

Date isolation Source of culture Infection PFGE
type

1 15/F Acute pancreatitis None 24.10.07 07.11.07 Peripancreatic fluid Peripancreatic
abcess

A

2 70/F Cholangitis None 01.11.07 06.11.07 Blood Primary sepsis A

3 59/M Choledocholithiasis None 07.11.07 30.11.07 Blood Cholangitis,
secondary sepsis

A

4 41/M Cholangitis None 12.12.07 16.12.07

22.12.07

Blood

Peritoneal fluid

Peritonitis A

5 73/F Choledocholithiasis

Cholangitis

Diabetes mellitus

Chronic renal
failure

Heart failure

31.12.07 03.01.08 Blood Empyema of the
gallbladder,
secondary sepsis

A1

6 85/F Extrahepatic cholestasis Coronary artery
disease

27.12.07 09.01.08 Blood Primary sepsis A1

7 47/F Cholecystitis None 21.01.08 03.02.08

12.02.08

Bile

Peritoneal fluid

Necrotizing
pancreatitis,
secondary sepsis

A

8 22/F Cholecystitis None 14.02.08 25.02.08 Peritoneal fluid Peripancreatic
abcess

A

Table 2. Characteristics of the cases and controls during the outbreak.

Characteristics Case-Patients Control-Patients P 0R 95%Cl
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(n=8) (n=56)

Age (years), mean (SD) 51.5 (24.8) 58.0 (16.6) 0.34 NA

Female 5 (62.5%) 32 (57.1%) 1.0 NA

Recently stay in an ICU 3 (37.5%) 2 (3.6%) 0,012 16.2 (2.17-120.92)

Prior use of antibiotics 6 (75.0%) 12 (21.4%) 0.005 11.0 (1.96-61.60)

Recently ERCP 8 (100%) 14 (25%) 0.0001 Undefined

Recently esophagogastroscopy 0 21 (37.5%) 0.045 NA

Colonoscopy 0 0 ---- ----

Malignancy 0 7 (12.5%) 0.582 NA

Hepatobiliary diseases 8 (100%) 37 (66.1%) 0.093 NA

Diabetes mellitus 1 (12.5%) 7(12.5%) 1.0 NA

Renal failure 1 (12.5%) 3 (5.4%) 0.422 NA

Heart disease 2 (25%) 7(12.5%) 0.312 NA

SD: Standard Deviation; ICU: Intensive Care Unit; ERCP: Endoscopic Retrograde Cholangiopancreatography; OR: Odds Ratio; CI: Confidence Interval; NA: Non-
Available.

Table 3. Antimicrobial susceptibility patterns of the eight P. aeruginosa clinical isolates from the patients.

Minimum Inhibitory Concentration (µg/mL)

Antibiotic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 N (%)
Resistance

Gentamicin 4 4 4 4 lost 8 4 4 0 (0)

Ceftazidime 24 32 >32 32 1 >32 32 5 (71.4)

Levofloxacin >32 >32 >32 32 0.5 >32 >32 6 (85.7)

Ciprofloxacin >32 >32 >32 >32 12 >32 >32 7 (100)

Piperacillin/tazobactam 48 >256 48 48 4 64 64 1 (14.3)

Sefoperazone/sulbactam 12 >256 16 12 4 12 8 1 (14.3)

Sefepime 12 >256 12 8 1 8 12 1 (14.3)

Imipenem >32 >32 >32 >32 2 >32 >32 6 (85.7)

Microbiological investigation of the patients and the
environment
P. aeruginosa was isolated from 7 of 35 surveillance samples
including three duodenoscopes used for ERCP, rinse water
from the AER in the ERCP unit, the water bottles for
duodenoscope irrigation and disinfected sphincterotomy knives
and catheters.

Multidrug-resistance was documented in 85.7% of P.
aeruginosa isolated from seven patients. All of these isolates
were resistant to imipenem, ceftazidime and the
fluoroquinolones. Minimal inhibitory concentration for one
isolate could not be determined (isolate lost, not frozen). In
addition, the isolates from one patient were susceptible to
imipenem, cephalosporins and fluoroquinolones (Table 3). The
clonal relationship of strains was shown in Figure 1. The
strains of patients 1 and 4 and the strains of patient 7 and one

environmental strain had no band differences (genotype 1).
Two strains (Patients 5 and 6) had two band differences and
considered closely related (genotype A1).

Investigation of the ERCP unit and AERs
When the outbreak broke out, the infection control team visited
the ERCP unit and informed ward staff of the problem. All the
steps for cleaning and disinfection of the endoscope equipment
were checked. The protocol that was prepared previously was
not put in practice. Inspection of the duodenoscopes and AER
revealed no mechanical damage. The outside of the AER was
visually clean. Dark brown debris remained on the scope tip of
duodenoscopes. There were no bacteria retaining filter in the
AER. Tap water was used to fill the bottle for endoscopic
irrigation. Proper cleaning, high-level disinfection and storage
of the duodenoscopes were not performed; mechanical
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scrubbing of the endoscope channel surfaces after the
procedure were inadequate, and leak testing was not performed
before immersion. After high-level disinfection, the
endoscopes were rinsed with tap water and the channels of the
endoscopes were not irrigated with alcohol before storage.
Finally, the endoscopes were air-dried on a sterile surgical
towel and stored horizontally until used again. ERCP
accessories (catheters, guide wires, biopsy forceps, and
sphincterotomy knives) were cleaned in an ultrasonic cleaner
(Olympus Endosonic Ultrasonic Cleaner, Olympus, Japan),
packaged without drying, and then immersed in 2%
glutaraldehyde for 20 min.

Figure 1. A representative PFGE typing results of 11 P. aeruginosa.
Patient 1-8 (line 1-8) and environmental specimens (line 9-11). Lines
1-4, and 7-11 have no band differences, and are considered
indistinguishable (genotype 1). Lines 5, 6 showed two band
differences, and considered closely related (genotype A1).

Infection control measures and outcome of the
outbreak
Infection control interventions were applied in the unit once an
outbreak was suspected. ERCPs were suspended, the
contaminated duodenoscopes and AER were withdrawn from
service for cleaning and a protocol for endoscope cleaning and
disinfection was drawn up for the ERCP unit to overcome the
infection. The protocol comprised: (1) cleaning all internal and
external surfaces including brushing internal channels and
flushing each internal channel with water and an enzymatic
detergent, and then rinsing with water (2) immersing the
endoscopes in 2% glutaraldehyde, perfusing disinfectant into
the channel and exposing it for at least 20 min after leak testing
(3) rinsing the endoscope and channels with water (4) flushing
the channels of the endoscopes with 70% alcohol and storing
by hanging vertically to facilitate air-drying in a storage
cabinet. Sterile water was used to fill the bottle for endoscopic
irrigation and the water bottle and its connecting tubing

underwent high-level disinfection daily. Reusable heat-stable
accessories (e.g., biopsy forceps, guide wires) were cleaned
with in an ultrasonic cleaner, and then steam sterilized. We
recommended that catheters used for ERCP to be “single use”.
In addition, all technical staffs were trained regarding cleaning
and disinfection procedures for the duodenoscopes and these
processes were strictly followed. Bacteriological reassessment
was done afterwards, yielding P. aeruginosa in the rinsing
water of the AER and these AER devices were cleaned again
and remodelled by the manufacturers. The ERCPs were then
allowed, and no further case of infection with this strain was
detected.

Discussion
Endoscopic retrograde cholangiopancreatography is one of the
most invasive endoscopic procedures. ERCP can precipitate
infection in the biliary tree and pancreas and carries added
risks of peritonitis, cholangitis, and bacteremia. Cholangitis
and bacteremia following ERCP can occur due to endogenous
bacteria or a contaminated endoscope or accessories [10,20].
Although infectious complications are unusual, contaminated
endoscopes used for ERCP have been the sources of
nosocomial transmission of bacterial agents. We have
described an outbreak of MDR-resistant P. aeruginosa among
patients who underwent ERCP in the GD. We considered
cross-contamination related to inadequate disinfection of
duodenoscopes and accessories used for ERCP. P. aeruginosa
was isolated from seven surveillance samples including all
duodenoscopes used for ERCP, rinse water from the AER in
the ERCP unit, the water bottles for duodenoscope irrigation
and disinfected sphincterotomy knives and catheters.
Genotypic analysis by PFGE revealed that 6 patients’ isolates
and 7 environmental isolates were of the same pattern
(Genotype A) and 2 patients’ isolates were found to be clonally
related to those patterns (Genotype A1). The case–control
study confirmed that recent exposure to ERCP was associated
with a P. aeruginosa infection (P=0.0001, OR: Undefined). In
agreement with previous data, our study also showed that
recent stay at the ICU and prior uses of antibiotics were
significantly associated with the isolation of P. aeruginosa
[21].

There have been several reports of P. aeruginosa outbreaks
attributed to inadequate cleaning and disinfection procedures
of instruments used for ERCP [8-11,20]. These outbreaks were
related to a number of problems, including inadequate cleaning
or disinfection of endoscope channels and accessories,
insufficient drying of channels, or using flawed AER.

P. aeruginosa is one of the main organisms responsible for
drug-resistant nosocomial infections. Outbreaks of MDR P.
aeruginosa in hospitals are an increasing infection control
problem [4,11]. Antibiotic resistance has also increased in our
hospital and country [22,23]. The incidence of infections due
to these resistant strains is associated with increased morbidity,
mortality, and cost [17,24]. In our study, multidrug-resistance
was documented in 85.7% of P. aeruginosa isolates and this
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condition caused serious problems in the therapeutic
management of patients.

The complexity of endoscopes makes them difficult to clean.
These difficulties have been exploited by organisms such as P.
aeruginosa, a pathogen ideally suited to take advantage of an
inadequately disinfected endoscope [11]. There is, however, a
downside to the use of automated washer/disinfectors, which
relates to recontamination of endoscopes by the machine after
the disinfection. This is due to the growth of microorganisms
within a biofilm present in the tanks and pipes of the washer/
disinfector and thus recontamination during the final rinse prior
to removal of the instrument from the machine [25]. In
addition some endoscopes such as the duodenoscopes used for
ERCP contain features (e.g., elevator-wire channel) that
require a flushing pressure that is not achieved by most AERs
[26]. Initial manual cleaning is therefore vital to the whole
decontamination process and is still necessary before the
endoscope reprocessor can be used; it must not be neglected
[12].

The use of AERs offers several advantages over manual
cleaning. The process standardizes several important
reprocessing steps and also reduces worker contact with
contaminated items and personnel exposure to high-level
disinfectants or chemical sterilisers [12,13]. Failure of AERs
has been linked to outbreaks of healthcare-associated
infections [7-9,14]. Allen et al. described an outbreak of
serious P. aeruginosa infections related to inadequate
decontamination of the ERCP endoscope, recontamination
from the rinse water of the AER, and inadequate drying of the
endoscope by the AER [8]. Struelens et al. showed that the
post-ERCP infection rate increased from 1.6% to 3.6%
following the use of a new automated washer/disinfector while
effective decontamination of the washer/disinfector led to a
reduction in the infection rate to pre-incident levels [20]. A
recent report identified contamination by P. aeruginosa in the
detergent tank of the AER [7]. We also identified
contamination by P. aeruginosa in the AER. This probably was
due to the growth of microorganism within a biofilm present in
the pipes of the AER. Bacteriologic reassessment was done
afterwards, yielding P. aeruginosa in the rinsing water of the
AER and these AERs were cleaned again and remodelled by
the manufacturers.

Outbreaks involving removable endoscope parts such as
suction valves and endoscopic accessories have been
described. Because of the complexity of reprocessing, many of
these devices have been designed for single use. Particularly
those used for ERCP are considered critical as they enter
normally sterile body cavities [27]. However, reprocessing of
ERCP accessories is a vital issue in developing countries.
Reuse of single-use accessories after adequate reprocessing is a
controversial issue. The reprocessing of endoscopic accessories
remains an unresolved issue, essentially because the cost of
these accessories is considerable, and economic forces dictate
the need to reuse many of them [12,27]. Thus, it has been
suggested that small centres that do not have a high endoscopy

load might reuse accessories after adequate cleaning followed
by disinfection in glutaraldehyde for 10 min [12].

We controlled the outbreak with an intervention of sterilization
of accessories or single use of catheter or other accessories of
the duodenoscope and applying the disinfection protocols for
the duodenoscope. However, the AER cultures were sometimes
positive in the period after the outbreak. We stopped using an
AER for the disinfection of duodenoscopes. There was no case
linked to endoscopy procedures afterwards.

In conclusion, AERs can cause contamination of
duodenoscopes and can be related to a P. aeruginosa outbreak.
There is a need for further redesign of AERs and development
of duodenoscopes so that they do not lead to infections. In
addition, the reprocessing of endoscopic accessories remains a
contentious issue particularly in developing countries, as the
cost of these accessories is considerable. Ancillary materials of
ERCP should be used sterile if possible as reuse can cause
serious problems.
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