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IMPORTANCE Carbapenem-resistant Enterobacteriaceae (CRE) producing the New Delhi
metallo-β-lactamase (NDM) are rare in the United States, but have the potential to add to the
increasing CRE burden. Previous NDM-producing CRE clusters have been attributed to
person-to-person transmission in health care facilities.

OBJECTIVE To identify a source for, and interrupt transmission of, NDM-producing CRE in a
northeastern Illinois hospital.

DESIGN, SETTING, AND PARTICIPANTS Outbreak investigation among 39 case patients at a
tertiary care hospital in northeastern Illinois, including a case-control study, infection control
assessment, and collection of environmental and device cultures; patient and environmental
isolate relatedness was evaluated with pulsed-field gel electrophoresis (PFGE). Following
identification of a likely source, targeted patient notification and CRE screening cultures were
performed.

MAIN OUTCOMES AND MEASURES Association between exposure and acquisition of
NDM-producing CRE; results of environmental cultures and organism typing.

RESULTS In total, 39 case patients were identified from January 2013 through December
2013, 35 with duodenoscope exposure in 1 hospital. No lapses in duodenoscope reprocessing
were identified; however, NDM-producing Escherichia coli was recovered from a reprocessed
duodenoscope and shared more than 92% similarity to all case patient isolates by PFGE.
Based on the case-control study, case patients had significantly higher odds of being exposed
to a duodenoscope (odds ratio [OR], 78 [95% CI, 6.0-1008], P < .001). After the hospital
changed its reprocessing procedure from automated high-level disinfection with
ortho-phthalaldehyde to gas sterilization with ethylene oxide, no additional case patients
were identified.

CONCLUSIONS AND RELEVANCE In this investigation, exposure to duodenoscopes with
bacterial contamination was associated with apparent transmission of NDM-producing E coli
among patients at 1 hospital. Bacterial contamination of duodenoscopes appeared to persist
despite the absence of recognized reprocessing lapses. Facilities should be aware of the
potential for transmission of bacteria including antimicrobial-resistant organisms via this
route and should conduct regular reviews of their duodenoscope reprocessing procedures to
ensure optimal manual cleaning and disinfection.
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C arbapenem-resistant Enterobacteriaceae (CRE) are
multidrug-resistant organisms isolated predomi-
nantly from patients with exposures in health care

facilities. Carbapenem-resistant Enterobacteriaceae are
a public health concern because treatment options

are limited and invasive
infections are associated
with high mortality. The
proportion of Enterobac-
teriaceae that are re-
sistant to carbapenems
has quadrupled in the
past decade; however,
these organisms sti l l
remain an uncommon

cause of health care–associated infections in most parts of
the United States.1 Understanding transmission and pre-
venting further spread of CRE is a public health priority.1-3

Although several mechanisms can lead to carbapenem re-
sistance, much of the increase in CRE since 2001 has been
driven by the spread of carbapenemase-producing CRE, par-
ticularly those producing Klebsiella pneumoniae carbapen-
emase (KPC).2 The New Delhi metallo-β-lactamase (NDM) is a
carbapenemase that has been infrequently reported in the
United States. However, NDM-producing CRE have the poten-
tial to add substantially to the total CRE burden. Identifica-
tion of even a single isolate of NDM-producing CRE has
prompted investigation by the Centers for Disease Control and
Prevention (CDC) and state and local health departments to pre-
vent transmission.

In March 2013, NDM-producing Escherichia coli was iden-
tified in a 650-bed teaching and referral hospital in northeast-
ern Illinois from a urine culture obtained from a hospitalized
patient with no international travel history. Between March
2013 and July 2013, 6 additional patients with a history of
admission to this hospital had positive clinical cultures for
NDM-producing E coli. In August 2013, we launched an inves-
tigation to identify the source and prevent further NDM-
producing CRE transmission. A brief notification of the out-
break has been published.4 This report provides an in-depth
review of the investigation and the factors contributing to the
CRE transmission.

Methods
The activities involved in this investigation were reviewed by
the Science Office of the National Center for Emerging and Zoo-
notic Infectious Diseases (CDC) and were determined to con-
stitute an urgent public health response that did not require
submission to the institutional review board.

Case Definition
A case was defined as an NDM-producing E coli isolate with
greater than 85% similarity by pulsed-field gel electrophore-
sis (PFGE) to the outbreak strain, recovered from a patient in
northeastern Illinois and confirmed by the CDC between Janu-
ary 1, 2013, and December 31, 2013.

Field Investigation
Initial Case Finding and Case Description
Suspected NDM-producing CRE isolates were initially identi-
fied by a clinical laboratory in Illinois that performed screen-
ing among CRE isolates for metallo-β-lactamase (MBL) produc-
tion using carbapenem disks with and without inhibitors (Rosco
Diagnostica).5 Isolates with positive results for MBL were sent
to the CDC for confirmation using polymerase chain reaction.

After the identification of the initial case patients from
clinical cultures, the hospital performed CRE rectal screening
cultures on the patients’ roommates who were still hospital-
ized and on patients admitted to the ward where the first pa-
tient was treated. For case patients who had been discharged,
the local health departments performed CRE rectal screening
on epidemiologically linked patients (eg, roommates either
from a long-term care facility or during initial hospitaliza-
tion). Rectal screening cultures were plated to CHROMagar
(HardyCHROM Carbapenemase Agar). Identification and an-
timicrobial susceptibilities were performed on gram-
negative colonies. Screening for MBL production was per-
formed as described above. Electronic medical records were
reviewed and abstracted, and details of patient movement
within and among local health care facilities during the pre-
ceding 8 months were recorded.

Case-Control Study
To identify risk factors for NDM-producing CRE carriage, a case-
control study was conducted using all case patients identi-
fied from January 2013 to July 2013 with any history of admis-
sion to the hospital. To minimize misclassification among
control patients, 27 unmatched control patients were ran-
domly selected from the 131 patients in the hospital’s inpa-
tient rehabilitation ward (where CRE screening had oc-
curred) with negative CRE rectal screening cultures during May
2013. Controls were further restricted to patients with (1) a non-
elective admission to the hospital immediately prior to admis-
sion to the rehabilitation ward and (2) a minimum 5-day length
of stay at the hospital.

Infection Control and Environmental Assessment
Interviews were conducted with health care personnel at the
hospital. A medical record review revealed that a history of en-
doscopic retrograde cholangiopancreatography (ERCP) pro-
cedures involving the use of a duodenoscope was common
among initial cases. Duodenoscope reprocessing procedures
were reviewed by the field team and by the manufacturers of
the duodenoscope and the automated endoscope reproces-
sor. Environmental cultures were collected from duodeno-
scopes, the endoscopy reprocessing area, and procedure rooms.

Duodenoscope Investigation
A subsequent investigation was conducted from August 2013
through December 2013 focusing on duodenoscope exposure
as a source of CRE transmission.

Additional Case Finding
Beginning in August 2013, the hospital notified all 226 living
patients who underwent a procedure with any duodeno-

CRE Carbapenem-resistant
Enterobacteriaceae

ERCP endoscopic retrograde
cholangiopancreatography

KPC Klebsiella pneumoniae
carbapenemase

MBL metallo-�-lactamase

NDM New Delhi metallo-�-lactamase

PFGE pulsed-field gel electrophoresis
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scope at the hospital between January 1, 2013, and Septem-
ber 30, 2013, of potential exposure to CRE and offered CRE rec-
tal screening and blood-borne pathogen testing.

Cohort Study
A cohort analysis was conducted among patients with a his-
tory of exposure to 1 duodenoscope (duodenoscope A) to as-
sess whether procedure-specific exposures were associated with
an increased risk of NDM transmission. Data were collected from
medical and procedure records for patients who either re-
turned for screening cultures or previously had been identi-
fied as case patients from January 1, 2013, through June 21, 2013.

Laboratory Analysis
Environmental surface samples were collected using premoist-
ened sponge wipes, which were then extracted in phosphate
buffer saline containing polysorbate 80. The biopsy channel of
duodenoscope A was cultured using the flush-brush-flush
method.6,7 The channels were flushed with tryptic soy broth and
brushed with a duodenoscope cleaning brush; the broth was
then collected at the distal end. The distal tip of the duodeno-
scope, including the elevator mechanism, was submerged in
tryptic soy broth and scrubbed with a duodenoscope cleaning
brush and subject to mechanical vibration (or sonication).
Sponge wipes and duodenoscope extracts were concentrated
by centrifugation. All overnight cultures and extracts were either
plated onto blood and MacConkey agar plates or submerged in
tryptic soy broth for overnight enrichment at 35°C.

Characterization of the carbapenem resistance mecha-
nism was performed using a multiplex real-time polymerase
chain reaction assay that detects both the genes for NDM and
KPC.8 Pulsed-field gel electrophoresis was performed as pre-
viously described for E coli using XbaI for single-enzyme di-
gestion of DNA and electrophoresis for 21 hours with switch
times of 5 and 40 seconds.9 The PFGE patterns were analyzed
using BioNumerics software (Applied Maths). Similarity of pat-
terns was based upon Dice coefficients and a dendrogram was
built using the unweighted pairing method.10

Statistical Analyses
All statistical analyses were conducted using SAS software, ver-
sion 9.3 (SAS Institute), or OpenEpi, version 2.3.1 (www.OpenEpi
.com). Bivariable logistic regression was used to obtain odds ra-
tios and 95% CIs for the association between case status and each
of the exposures; a 2-sided α level of .05 was used for signifi-
cance. For calculation of odds ratios involving cells with 0 ob-
servations, the 0.5 zero-cell correction was applied. For the co-
hort analysis, risk ratios and 95% CIs were calculated for the
association between duodenoscope exposure variables and case
status; a 2-sided α level of .05 was used for significance.

Results
Field Investigation
Initial Case Finding and Case Description
Figure 1 illustrates the suspected transmission pathways of
NDM-producing E coli among case patients. During the field

investigation, 9 case patients were identified (January 2013
through July 2013), including 7 from clinical culture at the
hospital, 1 from clinical culture at another health care facil-
ity, and 1 from a rectal screening culture at the hospital (case
patients C1-C8, S28). Eight (C1-C7, S28) of the 9 case patients
were treated at the hospital during this time frame, and 1 of
the 9 (C8) had been the roommate, at another facility, of a
patient who had been at the hospital during the outbreak;
none had a history of international travel. In the hospital,
epidemiological tracing of the 8 case patients treated at the
hospital revealed no temporal overlap of patient rooms or
wards. Six of 8 case patients (C1-C6) who were treated at the
hospital (75%) had an ERCP at that facility. Four of these 6
case patients (C1-C4) were exposed to duodenoscope A only,
1 case patient (C6) was exposed to a second duodenoscope
(duodenoscope B) only, and 1 case patient (C5) had been
exposed to both duodenoscope A and duodenoscope B.
Among the 3 case patients (C7, C8, S28) who did not have a
procedure with a duodenoscope at the hospital; all were
either linked (ie, roommate at another facility) to a known
case or were admitted to the hospital during the outbreak.
Two of the 8 case patients (C1, C2) with clinical cultures died
during their hospitalization but their deaths did not appear
related to the CRE infection. No additional case patients
were identified through screening of 131 patients admitted to
the rehabilitation ward.

Case-Control Analysis
Of the 9 case patients identified during the initial field inves-
tigation, 8 were treated at the hospital; these 8 case patients
and 27 control patients from this hospital were included in
the case-control study. These groups had similar demo-
graphic characteristics; however, the length of hospital
admission was significantly longer for control patients
(Table 1). On bivariable analysis, case status was significantly
associated with history of ERCP, magnetic resonance cholan-
giopancreatography, and antibiotic use in the past 3 months
(Table 2). Eighty-three percent (5 of 6 patients) of patients
who had a history of ERCP had also undergone magnetic
resonance cholangiopancreatography.

Infection Control Practices and Environmental Assessment
An infection prevention assessment that focused on duode-
noscope reprocessing was conducted. No breaches were iden-
tified in the reprocessing of duodenoscopes at the hospital.
Manufacturer-recommended procedures were followed in all
6 steps of the process: (1) precleaning, (2) manual cleaning, (3)
high-level disinfection using an automated endoscope repro-
cessor, (4) rinsing, (5) drying, and (6) storage. The automated
endoscope reprocessor was evaluated by the manufacturer and
found to be functioning correctly. The hospital used an enzy-
matic cleaner and high-level disinfectant, ortho-phthalalde-
hyde, that were not included on the duodenoscope manufac-
turer’s list of known compatible agents (ie, they had not been
specifically tested by the manufacturer). The enzymatic cleaner
is a standard product used for reprocessing, and the high-
level disinfectant is listed by the US Food and Drug Adminis-
tration as identical to a product on the duodenoscope manu-
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facturer’s compatible list.11 The hospital also used compatible
cleaning brushes, although not the brand recommended by the
duodenoscope manufacturer.

The duodenoscopes used by the hospital ranged in age
from less than 1 month to several years old. Duodenoscope A
was first acquired by the hospital in 2009. In 2013, the hospi-

tal performed 315 ERCPs. A review of gastroenterology labo-
ratory records showed that the hospital adhered to the manu-
facturer’s duodenoscope service schedule. The make and
model of the duodenoscope and automated endoscope repro-
cessor were compatible for use according to both manufac-
turers.

Table 1. Bivariable Comparison of Demographic Characteristics for Case Patients and Control Patients Included in the Case-Control Studya

Demographic and Clinical Characteristics
Case Patients

(n = 8)
Control Patients

(n = 27) P Valueb

Age, mean (SD) [range], y 70.4 (13.6) [45-88] 63.3 (19.0) [21-91] .34

Women, No. (%) 6 (75.0) 11 (40.7) .12

Days hospitalized at hospital A, medianc 8.5 25.0 .002

Mean (SD) [range] 13.3 (12.0) [1-37] 30.2 (13.2) [14-65]

Hospital readmission score, mean (SD) [range]d 6.0 (3.4) [0-10] 6.9 (3.8) [0-14] .54

a The 8 case patients initially identified from January 2013 to July 2013 with
history of admission to the hospital were included in the case-control study.

b P values were considered significant at less than .05, no adjustment for
multiple comparisons.

c Number of days hospitalized between January 1, 2013, and screening culture
collection date (for control patients) and positive New Delhi-metallo-β-
lactamase–producing Escherichia coli culture collection date (for case
patients).

d A risk prediction score used at the hospital to determine the likelihood of
readmission; subsequent interventions at the hospital are based on the score.
Components of the score include certain medical conditions (ie,
cranial/peripheral nerve disorders, depression, HIV, malignancy, pancreatitis,
red blood cell disorder, renal failure, or urinary or kidney infections), previous
hospitalization or emergency department visit within 12 months, insulin usage,
warfarin usage, Medicare or Medicaid status, and race. The range of possible
scores was 0-15; higher scores indicate increased risk.

Figure 1. Network Diagram of Case Patients

Patient cared for at hospital prior to NDM-positive culture collection date

Patient not cared for at hospital prior to NDM-positive culture collection date

Identified by clinical culture

Identified by screening culture

Direct epidemiological link

Suspected epidemiological link
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Field Investigation (January-July 2013)
9 case patients

Clinical Cases (September 2013)
2 case patients

Duodenoscope A Patient Notification
(8/12/2013)

94 notified; 58 screened; 23 cases

Duodenoscope B Patient Notification
(11/5/2013)

39 notified; 16 screened; 1 case

Duodenoscope C Patient Notification
(10/4/2013)

23 notified; 15 screened; 3 cases

S21

C
S

NDM indicates New Delhi metallo-β-lactamase. This diagram illustrates the
suspected modes of transmission of NDM-producing Escherichia coli among
case patients. Each box represents a case patient. Dashed lines connect case
patients with a suspected source of NDM-producing E coli (eg, overlapped in
the same hospital with a patient with NDM-producing E coli, but did not share a
room or ward with that patient). Patient identifiers beginning with a C were
identified through clinical culture and are numbered in order of date of positive
culture; those beginning with an S were identified through screening culture

and are ordered by date of endoscopic retrograde cholangiopancreatography
procedure (if applicable). Thirteen case patients had exposure to more than 1
duodenoscope prior to their NDM-positive sample collection date (2 had
exposure to >1 duodenoscope associated with the outbreak [C5 and S21]; 11 had
exposure to 1 outbreak-associated duodenoscope and to duodenoscopes not
associated with the outbreak). Case patients with >1 duodenoscope exposure
are included with the patient notification group in which they were first
identified.
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Duodenoscope Investigation
Additional Case Finding: Clinical Case Patients
In addition to the 9 case patients identified in the field inves-
tigation, 2 case patients (C9, C10) were identified from clini-
cal cultures in September 2013; both had a history of expo-
sure to a third duodenoscope only (duodenoscope C; Figure 1).
They were both alive at the time of hospital discharge.

Additional Case Finding: Surveillance Case Patients
From August 2013 through October 2013, the facility notified
the 226 living patients who were exposed to any duodeno-
scope (156 exposed to duodenoscopes A, B, or C; 70 exposed
to other duodenoscopes); 102 returned for screening. Twenty-
seven additional case patients were identified; all were ex-
posed to duodenoscopes A, B, or C (Figure 1). Blood-borne
pathogen testing was negative for all patients. Of note, the first
known case patients associated with duodenoscopes B (C5) and
C (S21) had been previously exposed to duodenoscope A, po-
tentially explaining the route of cross-contamination for duo-
denoscopes B and C (Figure 1).

A final case patient (S29) was identified through screen-
ing of long-term care facility roommates of known case pa-
tients bringing the total to 39 case patients identified. This in-
cludes 9 from the initial field investigation (January 2013 - July
2013), 2 from clinical cultures in September 2013, 27 from

screening cultures of patients exposed to duodenoscopes, and
1 from screening of long-term care facility roommates. Of the
39 case patients, 35 had duodenoscope exposure (Table 3).

Cohort Analysis
Of the 99 patients exposed to duodenoscope A from January
1, 2013, through June 21, 2013 (the date the duodenoscope was
permanently removed from service), the 55 patients that had
been tested through screening or clinical culture by Decem-
ber 2013 were included in the cohort analysis (Table 4). On bi-
variable analysis, case status was significantly associated with
stent placement (16 of 18 patients with stent placement [89%]
vs 12 of 37 patients without [32%]) and brushing (8 of 9 pa-
tients with brushing [89%] vs 20 of 46 patients without [43%]);
89% (8 of 9 patients) of endoscopic procedures that involved
brushing also involved stent placement. Individuals who had
multiple duodenoscope exposures were significantly more
likely to have a positive test result for NDM-producing E coli
(10 of 14 patients with multiple exposures [71%] vs 18 of 41 pa-
tients without [44%]).

Infection Prevention
During October 2013, the hospital changed its duodenoscope
reprocessing procedure from automated high-level disinfec-
tion to gas sterilization with ethylene oxide. Additionally, the

Table 2. Comparison of Clinical Exposures for Case Patients and Control Patients Included in the Case-Control Study

Case-Control Analysisa

No. (%)

Odds Ratio (95% CI)b P ValueCase Patients (n = 8) Control Patients (n = 27)
Procedures

ERCPc 6 (75.0) 1 (3.7) 78 (6.0-1008) <.001

Other endoscopyd 2 (25.0) 3 (11.1) 2.7 (0.4-19.7) .34

Operating room (any surgical procedure) 5 (62.5) 11 (40.7) 2.4 (0.5-12.3) .29

Radiology

CT 7 (87.5) 20 (74.1) 2.5 (0.3-23.6) .44

MRIe,f 1 (12.5) 0 6.0 (0.1-308.6) .34

MRCP 5 (62.5) 1 (3.7) 43.3 (3.7-505.8) .003

Unit of stay

Interventional radiology 2 (25.0) 8 (29.6) 0.8 (0.1-4.8) .80

Medical ICU 3 (37.5) 8 (29.6) 1.4 (0.3-7.4) .67

Surgical ICU 3 (37.5) 10 (37.0) 1.0 (0.2-5.2) .98

Oncology 2 (25.0) 3 (11.1) 2.7 (0.4-19.7) .34

Neurology 2 (25.0) 7 (25.9) 0.95 (0.2-5.9) .96

Surgical care 3 (37.5) 4 (14.8) 3.5 (0.6-20.5) .17

Other exposures

Antibioticsf,g,h 8 (100.0) 15 (55.6) 9.5 (1.0-304.4) .05

Anesthesia 7 (87.5) 12 (44.4) 8.8 (0.9-81.2) .06

Abbreviations: CT, computed tomography; ERCP, endoscopic retrograde
cholangiopancreatography; ICU, intensive care unit; MRCP, magnetic resonance
cholangiopancreatography; MRI, magnetic resonance imaging.
a Risk factors assessed between January 1, 2013, and date of New

Delhi-metallo-β-lactamase–producing Escherichia coli culture collection,
except otherwise noted.

b The odds ratio represents bivariable analysis.
c Timeframe for exposure to ERCP was 6 months prior to date of New

Delhi-metallo-β-lactamase–producing E coli culture collection.

d Excludes ERCP.
e Excludes MRCP.
f Calculations performed with a 0.5 correction for zero-cells.
g Timeframe for exposure to any antibiotics was within 3 months prior to

procedure (for case patients) and screening culture collection date (for control
patients).

h The lower 95% CI for antibiotic exposure was 1.03 but was rounded to 1.0 in
the table.
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hospital completed 3 rounds of postreprocessing cultures on
all duodenoscopes in service. All cultures were negative for
Enterobacteriaceae; as of August 22, 2014, no new case pa-

tients with duodenoscope-associated NDM have been identi-
fied among patients who only had a procedure with a duode-
noscope following the change to gas sterilization.

Laboratory Analysis
Isolates from all 39 case patients were sent to the CDC for iden-
tification and characterization; all were identified as E coli with
blaNDM present. Case patient isolates and the isolate recov-
ered from duodenoscope A were highly related (>92%) by PFGE
(Figure 2).12

NDM-producing E coli and KPC-producing K pneumoniae
were the only bacteria recovered from the terminal part of the
reprocessed duodenoscope A (around the enclosed elevator
mechanism) in August 2013, nearly 2 months following last use.
Other Enterobacteriaceae were not recovered from any other
environmental or duodenoscope samples.

Discussion
To our knowledge, this report describes the largest known clus-
ter of NDM-producing E coli in the United States to date; ap-
parent transmission was associated with exposure to duode-
noscopes. The large number of exposed patients that ultimately
had NDM-producing CRE isolated from clinical or screening
cultures suggests that duodenoscopes were an efficient source
of transmission. Unlike previously reported outbreaks of bac-
terial transmission related to these devices, there were no re-
processing breaches or duodenoscope defects identified. The
complicated design of duodenoscopes makes cleaning diffi-
cult. It appears that these devices have the potential to re-
main contaminated with pathogenic bacteria even after rec-
ommended reprocessing is performed.

Difficulties with duodenoscope reprocessing and the po-
tential for bacterial contamination and transmission of infec-
tious agents have been well documented. However, previous
reports of bacterial transmission via duodenoscopes in-
volved lapses in infection control, reprocessing deficiencies,
or a detectable device defect.13-26 In contrast with other en-
doscopes, duodenoscopes have an additional channel (eleva-
tor channel) that allows for the use and manipulation of a guide
wire. At the terminal end of the elevator channel is a mechani-
cal piece containing a cantilevered elevator mechanism; the
intricate design surrounding the elevator mechanism makes
accessing all surfaces during manual cleaning difficult. In ad-
dition, older models of duodenoscopes with an open elevator
wire channel may not be adequately reprocessed in an auto-
mated endoscope reprocessor, and manual flushing may be
required.21 To address the issue, newer duodenoscope mod-
els, like the one in the investigation, have an enclosed eleva-
tor wire channel that is not exposed to patient material and
does not require manual flushing. Review of duodenoscope
A by the manufacturer did not identify defects or evidence that
material had entered the enclosed channel that would have re-
sulted in persistent contamination.

Although sterilization is the definitive mechanism to eradi-
cate all microorganisms during reprocessing,27 high-level
disinfection is typically used for duodenoscopes. Although

Table 3. Demographic and Clinical Characteristics of All Case-Patients
Found to Have Positive Cultures for New Delhi Metallo-β-Lactamase
Escherichia coli (n=39)a

Characteristics No. (%)
Age (n = 38), median (range) 70.5 (34-101)

Women (n = 34) 24 (71)

Hospital readmission score (n = 32), mean (SD) [range]b 6.4 (3.8) [0-15]

No. of duodenoscope exposures (n = 39)c

0 4 (10)

1 22 (56)

≥2 13 (33)

Discharged from hospital to a long-term care facility
(n = 39)

Yes 14 (36)

No 25 (64)

Culture site (n = 39)d

Rectal screening 29 (74)

Clinical

Urine 3 (8)

Abscess 2 (5)

Blood 2 (5)

Catheter tip 2 (5)

Sputum 2 (5)

Wound 2 (5)

Time from initial duodenoscope exposure to positive
culture, clinical cases, median (range), dd

Overall (n = 8) 30 (5-141)

Sterile site (n = 3)e 40 (17-141)

Nonsterile site (n = 5) 19 (5-57)

Months of procedure (n = 35)f,g

January-February 8 (23)

March-April 12 (34)

May-June 11 (31)

July-August 7 (20)

September-October 0 (0)

a Analysis includes all case patients identified through clinical cultures or
screening cultures obtained by December 15, 2013. This includes 9 patients
from the initial field investigation (January 2013-July 2013), 2 from clinical
cultures in September 2013, 27 from screening cultures of patients exposed to
duodenoscopes, and 1 from screening of long-term care facility roommates.

b A risk prediction score used at the hospital to determine the likelihood of
readmission; subsequent interventions at the hospital are based on the score.
Components of the score include certain medical conditions (ie,
cranial/peripheral nerve disorders, depression, HIV, malignancy, pancreatitis,
red blood cell disorder, renal failure, or urinary or kidney infections), previous
hospitalization or emergency department visit within 12 months, insulin usage,
warfarin usage, Medicare or Medicaid status, and race. The range of possible
scores was 0-15; higher scores indicate increased risk.

c Since January 1, 2013.
d Patients could have more than 1 New Delhi metallo-β-lactamase–positive culture.
e Sterile site included blood cultures or central catheters or abscesses;

nonsterile sites included urine, sputum, or wounds.
f Patients could have procedures with more than 1 duodenoscope; therefore,

totals exceed the number of cases.
g Includes only duodenoscopes A, B, and C.
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Table 4. Analysis of Indications and Procedure Types for Patients Who Underwent a Procedure With
Duodenoscope A (n=55)a

Exposed Unexposed
Risk Ratio
(95% CI)

No. of Cases
(%) Total, No.

No. of Cases
(%) Total, No.

Indication

Abnormal liver function testb 11 (55) 20 17 (49) 35 1.1 (0.7-2.0)

Abnormal imagingc 11 (58) 19 17 (47) 36 1.2 (0.7-2.1)

Biliary stone suspected 13 (54) 24 15 (48) 31 1.1 (0.7-1.9)

Abdominal pain 6 (55) 11 22 (50) 44 1.1 (0.6-2.0)

Other indication 12 (60) 20 16 (46) 35 1.3 (0.8-2.2)

Procedurea

Biliary stent placement 16 (89) 18 12 (32) 37 2.8 (1.7-4.5)

Brushing 8 (89) 9 20 (43) 46 2.0 (1.4-3.1)

Multiple ERCP 10 (71) 14 18 (44) 41 1.6 (1.0-2.6)

Biliary stent removal 3 (50) 6 25 (51) 49 1.0 (0.4-2.3)

Sphincterotomy 21 (53) 40 7 (47) 15 1.1 (0.6-2.1)

Biopsy 2 (33) 6 26 (53) 49 0.6 (0.2-2.0)

Biliary stone removal 12 (52) 23 16 (50) 32 1.0 (0.6,1.8)

Other procedure 4 (33) 12 24 (56) 43 0.6 (0.3-1.4)

Abbreviation: ERCP, endoscopic
retrograde cholangiopancreatog-
raphy.
a Documented by the clinician in the

electronic medical record.
b Defined as elevations in aspartate

aminotransferase, alanine
aminotransferase, direct bilirubin,
or alkaline phosphatase.

c Defined as abnormal findings on a
computed tomography scan,
magnetic resonance imaging, or
abdominal ultrasound of the right
upper quadrant.

Figure 2. Pulsed-Field Gel Electrophoresis (PFGE) Dendrogram of Case Patients
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This figure provides the results of PFGE analysis for NDM-producing Escherichia coli isolates recovered from 39 case patients and duodenoscope A. All isolates have
greater than 92% similarity by PFGE and are considered highly related.
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sterilization might have contributed to controlling this out-
break, the limited experience from this investigation does not
provide sufficient evidence to recommend that all facilities
switch to sterilization. Furthermore, several issues surround-
ing sterilization potentially limit its widespread use includ-
ing long processing and aeration time, toxicity of some
sterilizing agents for staff and patients, and potential incom-
patibility with some endoscope devices.26,27

Another option for ensuring adequate duodenoscope re-
processing might be to conduct testing for residual contami-
nation during reprocessing. Many international professional
societies recommend periodic microbiological surveillance
testing of duodenoscopes after full reprocessing.28,29 In addi-
tion to cultures, the use of adenosine triphosphate biolumi-
nescence assays after manual cleaning has been used to de-
tect the presence of persistent organic material following
duodenoscope cleaning.30,31 Although nonculture methods
using adenosine triphosphate might be faster than culture,
more work is needed to validate these methods before they can
be widely recommended.

This cluster also demonstrates the challenge associated
with identifying and controlling the spread of novel carbap-
enemases. Although all carbapenemase-producing CRE are
epidemiologically important, special attention is afforded to
novel carbapenemases, like NDM, to prevent the emergence
of these organisms that are rarely identified in the United
States. However, at this time, few laboratories regularly per-
form CRE resistance mechanism testing and are therefore
unable to differentiate organisms producing novel carbapen-
emases from those producing KPC, which is the most com-
mon CRE carbapenemase in this region.3,32 The initial cluster
of NDM-producing organisms was identified in part because
the laboratory serving the hospital performed specialized
CRE resistance mechanism testing. Prospectively, improving
detection and prevention of CRE will require enhancing labo-
ratory capacities.

Efforts to control dissemination of these organisms will
also require a strengthened public health infrastructure.
State and local health departments should be capable of
responding to CRE in their region to ensure implementation
of appropriate infection control practices, improved commu-
nication among facilities upon patient transfer, and coordi-

nation of infection prevention efforts at regional and state
levels.33 In addition, the case-control study identified recent
antibiotic use was a risk factor for case status, consistent
with previous studies.34-36 Receipt of antibiotics might alter
the gastrointestinal flora and facilitate CRE colonization.
This finding highlights the fundamental role of antimicrobial
stewardship in CRE prevention.

There are several limitations to this investigation. Al-
though all patients with duodenoscope exposure were noti-
fied, only half returned for screening cultures. Duodeno-
scope reprocessing was reviewed by the field team after the
majority of case patients had been exposed, so we cannot com-
ment on practices that might have occurred prior to this. How-
ever, reprocessing was reviewed by several groups prior to the
field investigation and at least 2 case patients had duodeno-
scope exposure after our assessment, suggesting observa-
tions during the field investigation likely represented actual
hospital practice. Due to the small number of cases, multivari-
able analyses were not conducted in the case-control and co-
hort evaluations; these evaluations do not assess indepen-
dent associations. Finally, the controls were selected during
an urgent public health response from a group of patients al-
ready known to be CRE-negative (rehabilitation ward). Al-
though this control group may not have been ideal, we did not
identify significant differences between cases and controls with
respect to demographic characteristics and severity of ill-
ness. The controls may not have had equal opportunity for ex-
posure to ERCP compared with cases, which may have biased
this analysis.

Conclusions
In this investigation, exposure to duodenoscopes with bacte-
rial contamination was associated with apparent transmission
of NDM-producing E coli among patients at 1 hospital. Bacte-
rial contamination of duodenoscopes appeared to persist de-
spite the absence of recognized reprocessing lapses. Facilities
should be aware of the potential for transmission of antimicro-
bial-resistant organisms via this route and should conduct regu-
lar reviews of their duodenoscope reprocessing procedures to
ensure optimal manual cleaning and disinfection.

ARTICLE INFORMATION

Author Affiliations: Division of Healthcare Quality
Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia (Epstein, Hunter, Guh,
Laufer, Moulton-Meissner, Rasheed, Avillan, Kitchel,
Limbago, MacCannell, Lonsway, Noble-Wang,
Kallen); Epidemic Intelligence Service, Division of
Scientific Education and Professional Development,
Centers for Disease Control and Prevention,
Atlanta, Georgia (Epstein, Hunter, Arwady); Illinois
Department of Public Health, Chicago, Illinois
(Arwady, Tsai, Conway, Conover); Advocate
Lutheran General Hospital, Park Ridge, Illinois
(Stein, Gribogiannis); Cook County Department of
Public Health, Oak Forest, Illinois (Frias, Vernon);
Chicago Department of Public Health, Chicago,
Illinois (Black, Pacilli).

Author Contributions: Drs Epstein and Hunter as
co–first authors contributed equally to this article,
had full access to all of the data in the study, and
take responsibility for the integrity of the data and
the accuracy of the data analysis.
Study concept and design: Epstein, Hunter, Arwady,
Guh, Laufer, Limbago, MacCannell, Kallen.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Epstein, Hunter,
Arwady, Frias, Guh, Pacilli, Kitchel,
MacCannell.
Critical revision of the manuscript for important
intellectual content: Epstein, Hunter, Arwady, Tsai,
Stein, Gribogiannis, Guh, Laufer, Black, Moulton-
Meissner, Rasheed, Avillan, Kitchel, Limbago,
MacCannell, Lonsway, Noble-Wang, Conway,
Conover, Vernon, Kallen.

Statistical analysis: Epstein, Hunter, Arwady, Tsai,
Laufer, MacCannell, Vernon.
Administrative, technical, or material support:
Hunter, Arwady, Tsai, Stein, Gribogiannis, Frias,
Moulton-Meissner, Avillan, Kitchel, Limbago,
MacCannell, Conover, Vernon.
Study supervision: Guh, Laufer, Rasheed, Lonsway,
Noble-Wang, Conover, Kallen.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Disclaimer: The findings and conclusions in this
report are those of the authors and do not
necessarily represent the official position of the
Centers for Disease Control and Prevention.

Research Original Investigation NDM-Producing CRE Associated With Duodenoscope Exposure

1454 JAMA October 8, 2014 Volume 312, Number 14 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Imperial College London User  on 10/08/2014



Copyright 2014 American Medical Association. All rights reserved.

Additional Contributions: We acknowledge Dean
Silas, MD, Robert Citronberg, MD, Leo Kelly, MD,
Barb Weber, MSN, MBA, MHRM, RN, Lidia Raslau,
RN, Norah Connelly, RN, Evonne Woloshyn, MA,
Pam Hyziak, RN, PhD, Cindy Mahal-Van Brenk, RN,
BSN, MS, CNOR, Chad Calabria, MHA, MBA, Beth
Quinones, RN, Beth Hickey, CPA, Judith
Rosenblum, RN, Anthony Armada, MHA, MBA,
Valarie Diaz, RN, BSN, and Mike Wiegel, MS,
Dusanka Bjelan, Evangheline Feldiorean, Marcel
Trutza, Vicki Marriott, Joanna Werling, and Lee
Joesten, MDIV, BCC (all from Advocate Lutheran
General Hospital), for clinical, epidemiological, and
administrative support at the hospital. We also
acknowledge Mike Costello, PhD, and Janet Havel,
BS, MT (both from Aurora Consolidated
Laboratory), as well as Karen Anderson, BS, Tatiana
Travis, BS, Thiphasone Kongphet-Tran, MS (all from
Centers for Disease Control and Prevention [CDC]),
for laboratory support. We also acknowledge Lynne
Sehulster, PhD (CDC), for her expertise and advice.
These contributors received no compensation for
their work other than their usual salary.

REFERENCES

1. Centers for Disease Control and Prevention. Vital
signs: carbapenem-resistant Enterobacteriaceae.
MMWR Morb Mortal Wkly Rep. 2013;62(9):165-170.

2. Gupta N, Limbago BM, Patel JB, Kallen AJ.
Carbapenem-resistant Enterobacteriaceae. Clin
Infect Dis. 2011;53(1):60-67.

3. Won SY, Munoz-Price LS, Lolans K, Hota B,
Weinstein RA, Hayden MK. Emergence and rapid
regional spread of Klebsiella pneumoniae
carbapenemase-producing Enterobacteriaceae.
Clin Infect Dis. 2011;53(6):532-540.

4. Centers for Disease Control and Prevention.
Notes from the field: New Delhi metallo-β-
lactamase–producing Escherichia coli associated
with endoscopic retrograde
cholangiopancreatography—Illinois, 2013. MMWR
Morb Mortal Wkly Rep. 2014;62(51-52):1051.

5. Doyle D, Peirano G, Lascols C, Lloyd T, Church
DL, Pitout JD. Laboratory detection of
Enterobacteriaceae that produce carbapenemases.
J Clin Microbiol. 2012;50(12):3877-3880.

6. Bond WW. S. S. Microbiologic assay of
environmental and medical device surfaces. In:
Isenberg HD, ed. Clinical Microbiology Procedures
Handbook. 2nd ed. Washington, DC: American
Society for Microbiology Press; 2004.

7. Miner N, Harris V, Ebron T, Cao TD. Sporicidal
activity of disinfectants as one possible cause for
bacteria in patient-ready endoscopes.
Gastroenterol Nurs. 2007;30(4):285-290.

8. Centers for Disease Control and Prevention.
Multiplex real-time PCR detection of Klebsiella
pneumoniae carbapenemase (KPC) and New Delhi
metallo-β-lactamase (NDM-1) genes. http://www
.cdc.gov/HAI/settings/lab/kpc-ndm1-lab-protocol
.html. Accessed September 2, 2014.

9. Centers for Disease Control and Prevention.
Standard operating procedure for PulseNet PFGE of
Escherichia coli O157:H7, Escherichia coli non-O157
(STEC), Salmonella serotypes, Shigella sonnei, and

Shigella flexneri. http://www.cdc.gov/pulsenet/PDF
/ecoli-shigella-salmonella-pfge-protocol-508c.pdf.
Accessed September 2, 2014.

10. Hennekinne JA, Kerouanton A, Brisabois A, De
Buyser ML. Discrimination of Staphylococcus aureus
biotypes by pulsed-field gel electrophoresis of DNA
macro-restriction fragments. J Appl Microbiol.
2003;94(2):321-329.

11. US Food and Drug Administration. FDA-cleared
sterilants and high-level disinfectants with general
claims for processing reusable medical and dental
devices—March 2009. http://www.fda.gov
/medicaldevices/deviceregulationandguidance
/reprocessingofsingle-usedevices/ucm133514.htm.
Accessed September 2, 2014.

12. Tenover FC, Arbeit RD, Goering RV, et al.
Interpreting chromosomal DNA restriction patterns
produced by pulsed-field gel electrophoresis. J Clin
Microbiol. 1995;33(9):2233-2239.

13. Alfa MJ. Monitoring and improving the
effectiveness of cleaning medical and surgical
devices. Am J Infect Control. 2013;41(5)(suppl):S56-
S59.

14. Aumeran C, Poincloux L, Souweine B, et al.
Multidrug-resistant Klebsiella pneumoniae outbreak
after endoscopic retrograde cholangiopancreatog-
raphy. Endoscopy. 2010;42(11):895-899.

15. Carbonne A, Thiolet JM, Fournier S, et al.
Control of a multi-hospital outbreak of
KPC-producing Klebsiella pneumoniae type 2 in
France, September to October 2009. http://www
.eurosurveillance.org/images/dynamic/EE/V15N48
/art19734.pdf. Accessed September 2, 2014.

16. Doherty DE, Falko JM, Lefkovitz N, Rogers J,
Fromkes J. Pseudomonas aeruginosa sepsis
following retrograde cholangiopancreatography
(ERCP). Dig Dis Sci. 1982;27(2):169-170.

17. Fraser TG, Reiner S, Malczynski M, Yarnold PR,
Warren J, Noskin GA. Multidrug-resistant
Pseudomonas aeruginosa cholangitis after
endoscopic retrograde cholangiopancreatography.
Infect Control Hosp Epidemiol. 2004;25(10):856-859.

18. Gastmeier P, Vonberg RP. Klebsiella spp. in
endoscopy-associated infections. Infection. 2014;
42(1):15-21.

19. Kovaleva J, Meessen NE, Peters FT, et al. Is
bacteriologic surveillance in endoscope
reprocessing stringent enough? Endoscopy. 2009;
41(10):913-916.

20. Low DE, Micflikier AB, Kennedy JK, Stiver HG.
Infectious complications of endoscopic retrograde
cholangiopancreatography. Arch Intern Med. 1980;
140(8):1076-1077.

21. Muscarella LF. Investigation and prevention of
infectious outbreaks during endoscopic retrograde
cholangiopancreatography. Endoscopy. 2010;42
(11):957-959.

22. Nelson DB. Infection control during
gastrointestinal endoscopy. J Lab Clin Med. 2003;
141(3):159-167.

23. Ofstead CL, Wetzler HP, Snyder AK, Horton RA.
Endoscope reprocessing methods. Gastroenterol
Nurs. 2010;33(4):304-311.

24. Struelens MJ, Rost F, Deplano A, et al.
Pseudomonas aeruginosa and Enterobacteriaceae
bacteremia after biliary endoscopy. Am J Med.
1993;95(5):489-498.

25. Thornhill G, Bommarito M, Morse DJ.
Monitoring the manual cleaning of flexible
endoscopes with an ATP detection system. Am J
Infect Control. 2012;40:e184-e5.

26. Petersen BT, Chennat J, Cohen J, et al.
Multisociety guideline on reprocessing flexible
gastrointestinal endoscopes: 2011. Gastrointest
Endosc. 2011;73(6):1075-1084.

27. Rutala WA, Weber DJ; Healthcare Infection
Control Practices Advisory Committee (HICPAC).
Guideline for disinfection and sterilization in
healthcare facilities, 2008. http://www.cdc.gov
/hicpac/pdf/guidelines/disinfection_nov_2008.pdf.
Accessed September 2, 2014.

28. Taylor A, Jones D, Everts R, Cowen A, Wardle E.
Infection control in endoscopy. http://www.gesa
.org.au/files/editor_upload/File/DocumentLibrary
/Professional/Infection_Control_in_Endoscopy
_Guidelines_2014.pdf. Accessed September 2, 2014.

29. Beilenhoff U, Neumann CS, Rey JF, Biering H,
Blum R, Schmidt V; ESGE Guidelines Committee.
ESGE-ESGENA guideline for quality assurance in
reprocessing. Endoscopy. 2007;39(2):175-181.

30. Alfa MJ, Fatima I, Olson N. The adenosine
triphosphate test is a rapid and reliable audit tool to
assess manual cleaning adequacy of flexible
endoscope channels. Am J Infect Control. 2013;41
(3):249-253.

31. Bommarito M, Thornhill GA, Morse DJ. A
multisite field study evaluating the effectiveness of
manual cleaning of flexible endoscopes with an ATP
detection system. Am J Infect Control. 2013;41:S24.

32. Lin MY, Lyles-Banks RD, Lolans K, et al. The
importance of long-term acute care hospitals in the
regional epidemiology of Klebsiella pneumoniae
carbapenemase-producing Enterobacteriaceae.
Clin Infect Dis. 2013;57(9):1246-1252.

33. Centers for Disease Control and Prevention.
2012 CRE toolkit—guidance for control of
carbapenem-resistant Enterobacteriaceae (CRE).
http://www.cdc.gov/hai/organisms/cre/cre-toolkit
/index.html. Accessed September 3, 2014.

34. Gasink LB, Edelstein PH, Lautenbach E,
Synnestvedt M, Fishman NO. Risk factors and
clinical impact of Klebsiella pneumoniae
carbapenemase-producing K. pneumoniae. Infect
Control Hosp Epidemiol. 2009;30(12):1180-1185.

35. Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S,
Schwartz D, Leavitt A, Carmeli Y. Predictors of
carbapenem-resistant Klebsiella pneumoniae
acquisition among hospitalized adults and effect of
acquisition on mortality. Antimicrob Agents
Chemother. 2008;52(3):1028-1033.

36. Swaminathan M, Sharma S, Poliansky Blash S,
et al. Prevalence and risk factors for acquisition of
carbapenem-resistant Enterobacteriaceae in the
setting of endemicity. Infect Control Hosp Epidemiol.
2013;34(8):809-817.

NDM-Producing CRE Associated With Duodenoscope Exposure Original Investigation Research

jama.com JAMA October 8, 2014 Volume 312, Number 14 1455

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Imperial College London User  on 10/08/2014


