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BACKGROUND
The emergence of antimicrobial-resistant organisms
continues to be a serious concern both in the United States
and globally. Carbapenem-resistant Enterobacteriaceae
(CRE) such as Klebsiella pneumoniae and Escherichia
coli have been increasingly recognized since the early
1990s.1 The high mortality associated with CRE infections,
combined with the limited therapeutic options, makes this
an issue of signiﬁcant epidemiologic importance.1-3 A novel
CRE subtype, New Delhi metallo-b-lactamase (NDM-1),
producing K pneumoniae, was ﬁrst described in 2009 in
a Swedish patient who had undergone medical care in
India where this strain is frequently recovered.4 NDM-1–
producing CRE demonstrate broad antibiotic resistance
that is typically susceptible only to tigecycline and colistin.
Currently, NDM-1–producing CRE have been isolated and
reported in 15 states in the United States.5
Previous reports describe the transmission of CRE during endoscopy. A systematic review from 2013 identiﬁed
6 separate outbreaks of K pneumoniae carbapenemase
worldwide.6 To our knowledge, there are 3 reports of outbreaks of CRE in the United States associated with endoscopy, speciﬁcally ERCP.7-9 One series that was presented as
an abstract described an epidemiological investigation into
an observed increased prevalence of CRE in abdominal
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solid-organ transplant patients at a tertiary academic medical center in Pennsylvania, many of whom had undergone
GI endoscopy.7 The investigators ultimately cultured
carbapenem-resistant K pneumoniae from a single duodenoscope. Eighteen patients were positive for this organism,
and of those, 9 had undergone ERCP with the implicated
duodenoscope. Strains in each patient were conﬁrmed to
be the same as the cultured organism via pulsed-ﬁeld gel
electrophoresis. Another report described an outbreak in
7 patients in Florida with infections related to K pneumoniae carbapenemase, all of whom underwent ERCP at
the same facility within the preceding 60 days.8 In 2013,
the ﬁrst U.S. outbreak of NDM-1–producing E coli from a
contaminated duodenoscope was reported.9 Infections in
9 patients were documented in northeastern Illinois, and
6 (66.7%) of these had undergone ERCP at the same hospital. In all, 156 patients were notiﬁed of potential exposure, and 39 additional cases of CRE were discovered
after screening. In all 3 of these outbreaks, the implicated
organism was positively cultured from the elevator wire
channel of the duodenoscope and matched the isolates
to the index case.

METHODS
From May 2013 to November 2013, 3 patients at our
institution were identiﬁed as having a clinical infection
related to an identical strain of NDM-1 E coli. After a careful
chart review and epidemiological evaluation, it was discovered that all 3 patients had undergone ERCP with the same
duodenoscope in May 2013. This discovery prompted a
thorough evaluation of endoscopic reprocessing methods,
extensive evaluation and culture of the endoscope in question, and identiﬁcation of all potential patients who may
have been exposed to the organism.
Institutional review board approval was obtained on
May 13, 2014, to perform this review.
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Evaluation of the implicated duodenoscope
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The duodenoscope in question was immediately taken
out of clinical use when the third CRE infection was identiﬁed in November 2013. The distal tip was sonicated in an
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effort to disrupt any organism from a potential bioﬁlm.
Three cultures from the endoscope were obtained: 1 sonication culture, 1 brush culture with the elevator wire channel open, and 1 brush culture with the elevator wire
channel closed. Despite these measures, NDM-1 E coli
was not cultured from the instrument. All duodenoscopes,
including the implicated instrument, were ultimately sterilized with ethylene oxide (EtO) and placed back into
routine clinical use.

positive for NDM-1 E coli on a rectal surveillance culture
but a clinical infection related to the organism did not
develop before his death. Thirteen patients agreed to undergo screening for CRE and tested negative. Three patients who were offered screening refused. The
remaining 6 patients who were potentially exposed to
NDM-1 E coli were not contacted because they had either
died or were in hospice care. After EtO sterilization of all
duodenoscopes, no additional cases of CRE infection
were diagnosed.

Index patient
The index patient was a 57-year-old man originally from
India who was admitted to the hospital in May 2013 with
ascending cholangitis and underwent ERCP at that time
with extraction of an impacted gallstone and biliary sphincterotomy. This patient had a history of non-Hodgkin’s lymphoma and had undergone autologous peripheral stem
cell transplantation 1 month earlier. Shortly after undergoing the transplantation and before the ERCP, he was
admitted with febrile neutropenia and found to have blood
cultures positive for NDM-1 E coli. The suspected source
of the organism at that time was the GI tract as there
were ﬁndings suggestive of typhlitis on a CT scan. Biliary
cultures obtained during the ERCP grew the same isolate
of NDM-1 E coli that was cultured from his blood 1 month
earlier.

Patient notiﬁcation
After identiﬁcation of the index patient and the endoscope used during ERCP, 27 patients who underwent
ERCP or EGD with the same instrument from May 19,
2013, to August 13, 2013, were identiﬁed and contacted.
All patients were offered rectal surveillance culture for
CRE. The presence of the NDM-1 enzyme was conﬁrmed
with mass spectrometry.

RESULTS
Patient outcomes
Details regarding patient characteristics, indications for
endoscopy, and results of infection testing can be found
in Table 1. The 3 patients with a diagnosis of clinical infection with NDM-1 E coli were as follows: a 72-year-old
woman with pancreatic cancer in whom urinary sepsis
developed 2 months after ERCP, a 23-year-old man with
primary sclerosing cholangitis and cholangiocarcinoma
who presented with ascending cholangitis and positive
biliary cultures 6 months after ERCP for biliary stenting,
and a 73-year-old woman with pancreatic cancer who presented with bacteremia and sepsis 10 months after ERCP
with stenting of a malignant biliary stricture. The latter patient had undergone rectal surveillance culture 2 months
earlier that was positive for NDM-1 E coli. A fourth patient,
a 79-year-old man who underwent ERCP for obstructive
jaundice due to metastatic esophageal cancer, tested
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DISCUSSION
Since the institution of protocol-driven high-level disinfection (HLD), the risk of infection transmission during
endoscopy was initially estimated to be 1 per 1.8 million
cases.10 However, this ﬁgure may be an underestimate
because it was only based on infections reported in the
peer-reviewed literature.11 The Centers for Disease Control
and Prevention are collecting data on the prevalence of
CRE from the Emerging Infections Program and the National Healthcare Safety Network; infections caused by
various subtypes of CRE have now been reported in 47
states in the United States along with the District of
Columbia and Puerto Rico.5 We describe another outbreak
of CRE from endoscopic transmission, and this is the second to our knowledge that was associated with NDM-1–
producing E coli. Despite not culturing the organism
from the instrument itself, the epidemiologic evidence
was strong enough to implicate the duodenoscope as the
mode of transmission. It has been suggested previously
that antibiotic exposure in the past 30 days may be associated with an increased risk of CRE transmission9 and
indeed 3 of the 4 patients with clinical CRE infection in
this series received at least 1 dose of antibiotics within
30 days of diagnosis. However, causality between antibiotic
use and clinically signiﬁcant CRE infection cannot be deﬁnitively proven in our series given the multiple potential
confounders including immunosuppression from chemotherapy, which all 4 patients received either before or after
the diagnosis.
The most current multisociety guidelines from 2011
outline the process of HLD and the use of automated
endoscope reprocessors (AERs).11 The guidelines specifically point out the importance of manually cleaning intricate pieces such as the elevator wire channel of the
duodenoscope. In our experience, as with the reported
outbreaks in Illinois and Pennsylvania, a review of the disinfection procedure revealed that all standard recommendations and guidelines with regard to endoscope
reprocessing were followed.7,9
It has long been recognized that the side-viewing duodenoscope used during ERCP is a challenging instrument
to adequately reprocess because the elevator wire hinge
is difﬁcult to access and therefore not readily amenable
www.giejournal.org
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TABLE 1. Characteristics of patients with known or potential CRE exposure

Age, y/sex

Exposure time after
index case, days

Procedure

Indication

Clinical CRE infection

ERCP

Ascending cholangitis

Bacteremia (before ERCP),
cholangitis (at time of ERCP)

N/A

27/M

ERCP

PSC with cholangiocarcinoma
and hilar stricture*

Cholangitis

10

72/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

Urinary sepsis

24

73/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

Bacteremia with sepsis

26

ERCP

Malignant biliary stricture
(metastatic esophageal)

None

2

57/M

ERCP

Liver transplant with biliary
anastomotic stricture

None

9

64/M

ERCP

Liver transplant with recurrent
biliary anastomotic stricturey

None

17

49/F

ERCP

Ablation of ampullary adenoma
with pancreatic and biliary
stenting*,z

None

22 & 71

76/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

None

24

70/F

ERCP

Possible biliary stricture

None

24

21/F

EGD and
ERCP

Duodenal and ampullary
adenoma

None

26

59/M

ERCP

Choledocholithiasis

None

29

63/F

EGD

Pancreatic cyst, visualization of
papilla

None

32

80/F

ERCP

Choledocholithiasis

None

32

54/F

ERCP

Bile leak*

None

60

44/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

None

68

58/M

ERCP

Malignant biliary stricture
(cholangiocarcinoma)

None

72

71/F

ERCP

Pancreatic cancer and
cholestatic liver injury

None

86

ERCP

Previous bile leak, retrieval of
biliary stent

None

23

Index case (n Z 1)
57/M
Clinical CRE infections after
endoscopy (n Z 3)

Positive CRE surveillance
culture without clinical
infection (n Z 1)
79/M
Negative CRE surveillance
culture (n Z 13)

Refused CRE surveillance
culture (n Z 3)
87/M
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TABLE 1. Continued

Procedure

Indication

Clinical CRE infection

Exposure time after
index case, days

42/F

ERCP

SOD

None

37

33/M

EGD

Cancer screening in patient
with Lynch syndrome

None

45

81/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

None

23

71/F

ERCP

Malignant biliary stricture
(pancreatic cancer)y

None

2

85/F

ERCP

Malignant biliary stricture
(cholangiocarcinoma)y

None

37

91/M

ERCP

Ascending cholangitis

None

37

80/M

ERCP

Malignant biliary stricture
(pancreatic cancer)y

None

38

72/F

ERCP

Choledocholithiasis and
malignant biliary stricture
(pancreatic cancer)

None

40

Age, y/sex

In hospice care or died
before CRE surveillance
culture (n Z 6)

CRE, Carbapenem-resistant Enterobacteriaceae; M, male; N/A, not available; PSC, primary sclerosing cholangitis; F, female; SOD, sphincter of Oddi dysfunction.
*Plastic biliary stent placed at the time of ERCP.
yMetal biliary stent placed at the time of ERCP.
zUnderwent 2 separate procedures with the implicated duodenoscope.

to disinfection by using AERs.10 This speciﬁc component of
the endoscope has been implicated in numerous reports
of bloodstream and biliary infections after ERCP6-9,12-15
despite the continued emphasis on the manual disinfection of these areas. In addition, 1 study raised the possibility that current HLD protocols could be insufﬁcient for
standard endoscopes as well.16 A 5-year prospective Taiwanese study examined 420 ﬂexible forward-viewing endoscopes after HLD and found 13.6% had at least 1 species
of residual bacteria that was cultured from sterile saline solution ﬂushed through the biopsy channels.16
The current American multisociety guidelines do not
advise the routine use of post-HLD surveillance cultures,
although this practice is recommended in European and
Australian guidelines.11 However, the lag time in identifying CRE by using standard microbiological culture techniques could result in unrecognized patient exposure to
the organism.11 It remains unclear in our case series
whether routine post-HLD cultures would have led to
earlier identiﬁcation of endoscope colonization because
NDM-1–producing E coli was not able to be isolated
from the implicated duodenoscope. One potential explanation for the negative cultures is that the organism was
eradicated by the time cultures were obtained after nearly
6 months of repeated HLDs.
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As suggested by the Centers for Disease Control and
Prevention, we opted for gas sterilization of the duodenoscope by using EtO. Although the use of EtO is more effective for sterilizing endoscopic equipment, its use requires a
24-hour aeration period to reduce the risk of serious chemical tissue injury and therefore is not practical if the sterilized endoscopes need to be used more than once daily.
Additionally, not all centers have EtO reprocessing capabilities. Currently, we continue to use EtO sterilization only
when an endoscope (side or forward viewing) is used in
a patient known to be infected or colonized with CRE or
who resides in a facility known to have residents infected
or colonized with CRE.
Given the potential pitfalls of adequate sterilization and
the increasing incidence of CRE infections, reevaluation of
current endoscope reprocessing practices would be prudent. Until improved reprocessing methods are identiﬁed,
the gastroenterology community should be cognizant that
a potential risk of contamination exists despite HLD, particularly after procedures in which the duodenoscope is used.
For all staff involved in endoscope reprocessing, adequate
training, ongoing annual recertiﬁcation, as well as adherence to all guidelines and manufacturer-speciﬁc recommendations are essential to mitigate the risk of infection
transmission to patients.
www.giejournal.org
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