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abstract. Since 2006, Israel has been confronting an outbreak of carbapenem-resistant Enterobacteriaceae (CRE), and in 2007 Israel
implemented a national strategy to contain spread. The intervention was initially directed toward acute-care hospitals and later expanded to
include an established reservoir of carriage in long-term-care hospitals. It included regular reporting of CRE cases to a central registry and daily
oversight of management of the outbreak at the institutional level. Microbiological methodologies were standardized in clinical laboratories
nationwide. Uniform requirements for carrier screening and isolation were established, and a protocol for discontinuation of carrier status was
formulated. In response to the evolving epidemiology of CRE in Israel and the continued need for uniform guidelines for carrier detection and
isolation, the Ministry of Health in 2016 issued a regulatory circular updating the requirements for CRE screening, laboratory diagnosis,
molecular characterization, and carrier isolation, as well as reporting and discontinuation of isolation in healthcare institutions nationwide.
The principal elements of the circular are contained herein.
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Since 2006, Israel has been confronting an outbreak of
carbapenem-resistant Enterobacteriaceae (CRE). In 2007,
Israel implemented a national strategy to contain its spread.1,2
At the time of implementation of the national intervention,
more than 1,000 patients were known to be infected, and it is
estimated that more than 10,000 were colonized.3 The intervention was initially directed toward acute-care hospitals and
was later expanded to include an established reservoir of carriage in long-term-care hospitals.4
The intervention included regular reporting of CRE cases to a
central registry and daily oversight of management of the outbreak at the institutional level (Supplementary Figure 1). To
accomplish comprehensive detection of cases, microbiological
methodologies were standardized in clinical laboratories nationwide. In addition, uniform requirements for carrier screening
and isolation were established, directed at carbapenemaseproducing Enterobacteriaceae (CPE), and implementation was
overseen daily. The accumulation of knowledge and experience
enabled the differentiation of isolation requirements according to
patient population5 and the formulation of a protocol for discontinuation of carrier status.
During the initial 5 years of the outbreak, the predominant
CRE strain was Klebsiella pneumoniae clonal complex (CC)
258, and KPC was practically the exclusive carbapenemase.6

During the past several years, the epidemiology of CRE in
Israel has evolved, with a marked reduction in incidence of
CC258, the appearance of additional carbapenemases
(primarily NDM and OXA-48) and increasing predominance
of non–carbapenemase-producing CRE. Among the reasons
for this shift in epidemiology are the successful containment of
spread of CC258 as well as medical tourism, humanitarian aid
provided by Israeli hospitals, and global trends.7,8
In response to the evolving epidemiology of CRE in Israel and
the continued need for uniform guidelines for carrier detection
and isolation, the Ministry of Health (MOH) issued a regulatory
circular updating the requirements for CRE screening, laboratory
diagnosis, molecular characterization, and carrier isolation, as
well as reporting and discontinuation of isolation in healthcare
institutions nationwide. The principal elements of the circular,
issued in 2016, are contained herein.
Guidelines for Preventing the Spread of CRE
“Carbapenem-resistant Enterobacteriaceae” is deﬁned as any
Enterobacteriaceae isolate not susceptible to meropenem (MIC
>1 µg/mL or disk diffusion diameter <23 mm) or having a
carbapenemase-coding gene. A standardized protocol for microbiological identiﬁcation and molecular characterization of CRE
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ﬁgure 1. Algorithms for performing carbapenemase tests. 1) Indications for testing; 2) Carbapenemase tests for isolates from clinical
specimens; 3) Carbapenemase tests for isolates from screening specimens.

isolated from clinical and screening cultures has been issued. This
protocol leads to the determination of which CRE isolates contain
a carbapenemase-producing gene (carbapenemase-producing
Enterobacteriaceae, CPE). Algorithms guiding the workup of
suspected CRE isolates in clinical and screening cultures are presented in Figure 1. Because of the heightened public health threat
posed by CPE as compared with non–carbapenemase-producing
CRE (non-CP CRE), national infection control efforts are focused
on preventing the spread of CPE.
The infection prevention staff in the hospital is responsible
for identifying contacts. Timely identiﬁcation of CPE
carriers is pivotal to the success of interventions aimed at
preventing spread, when linked to effective isolation measures.
Therefore, populations at risk of carriage, by recent contact
with a carrier or an endemic environment, must be screened as
early as possible. Early screening carries the risk of falsenegative results in patients with recent CPE acquisition.
Therefore, infection prevention staff in each facility should

consider the need for repeat screening if the initial screening
is negative.
Populations at risk of carriage by recent contact with a
carrier. Contacts include patients who share a room with a
newly identiﬁed carrier or were cared for by the same staff
(eg, same primary nurse), as well as other patients at high risk
of being colonized and/or infected by the new carrier,
according to individual staff judgment. Screening should be
carried out within 24 hours of the detection of carriage in the
index patient. Whenever a new carrier is detected by contact
screening, all of the patient’s contacts should also be screened,
according to the same criteria applied in the initial round of
screening. Contacts who have since been transferred to other
wards in the hospital should be located and screened.
In certain circumstances, the entire ward should be
screened following detection of a new CPE case. These include
(1) wards with a CPE cohort area and an area for noncarriers;
(2) high-risk units (eg, intensive care and/or step-down units,
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table 1. Israeli National Guidelines for the Care of Patients with Carbapenem-Resistant Enterobacteriaceae in Acute-Care Versus PostAcute-Care Hospitalsa
Post-Acute-Care Hospitals
Variable

Acute-Care Hospitals

Skilled Nursing/Chronic Ventilated/
Subacute Wards

Rehabilitation Wards

Room assignment

Private or cohorting with
other CRE carriers
Required

Private or cohorting with other CRE
carriers
Not required

No regulation regarding room
assignment
Not required

Mandatory on room
entrance
Required

Mandatory on room entrance

According to standard precautions

Required

Not required, except in outbreak setting

Required

Required

Required

Prohibited

Allowed

Allowed

Yes

Yes

Yes

Yes

Yes

Yes

Dedicated nursing staff for
CRE carriers
Use of gloves and gowns in
care of CRE carriers
Admission CRE screening of
high-risk groupsb
CRE screening of patient
contacts
Participation in group
activities
Standard protocol for
discontinuation of contact
isolation
Regular mandatory census
reporting to NCIC

NOTE. CRE, carbapenem-resistant Enterobacteriaceae; NCIC, National Center for Infection Control.
a
Reproduced from Ben-David et al.5
b
High-risk groups were deﬁned as patients transferred from other facilities or patients with earlier hospitalization within the previous 6 months.

hematology-oncology, bone marrow transplant, solid organ
transplant, pediatrics, and preterm newborns); and (3) any
unit in which, during screening, a high prevalence of carriage is
discovered.
Populations at risk of carriage by recent contact with an
endemic environment. The infection prevention staff in each
hospital should set a policy for screening populations at risk
for carriage. Speciﬁc policies must be set for screening patients
upon hospital admission and/or in units with a high risk of
cross-transmission or morbidity, according to the hospital’s
data, including the following populations: (1) patients
admitted directly from hospitals in other countries or who
were treated in hospitals in other countries (to be screened
upon admission); (2) patients admitted directly from other
hospitals or institutions, including nursing homes, or patients
who resided in a hospital or other healthcare facility in the past
6 months (to be screened upon admission); and (3) patients
who were transferred within the hospital from a high-risk unit
(to be screened upon transfer). Policies must also address
the management of screened patients (ie, hospitalization
conditions such as preemptive isolation) from the time of
screening until results are received, and of patients whose
preliminary culture results are positive.
Hospitalization Conditions for CPE Carriers in General Hospitals
Carbapenemase-producing Enterobacteriaceae carriers should
be placed under contact isolation precautions in a delineated

area clearly separated from other patients. This area should be
supplied with equipment dedicated for use in this CPE cohort
area only. Nursing staff assigned to care for CPE carriers
should not be assigned care duties outside the CPE cohort area
during the same shift. The entry of other staff and visitors to
this area should be supervised to ensure strict adherence to
required protocols for gowning, gloving, removal of gowns
and gloves and hand hygiene. Carriers of CPE should be
separated by room and equipment within the cohort area
according to carbapenemase produced to limit mixing of
reservoirs of different genotypes of CPE. Carriers of non-CP
CRE should be maintained on contact precautions but not
within the CPE cohort area.
Required hospitalization conditions for CPE carriers in
long-term-care facilities (LTCFs) are less stringent than those
for carriers in acute-care hospitals, and these vary according to
patient population based on relative risk of cross-transmission.
These conditions have been described elsewhere, and are
summarized in Table 1.5
Discontinuation of CPE Carrier Status in Known Carriers
Detection of CPE has signiﬁcant implications for patients
because it necessitates isolation throughout their hospitalization. CPE carriage may resolve spontaneously, but in most
cases it is likely to last >1 month.9–11 While it is in a carrier’s
interest to be reassessed for continued carriage and removed
from isolation if testing is negative, premature removal from
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isolation (ie, during the period when the patient is at ongoing
risk of carriage) may result in cross transmission of CPE.
Therefore, it is necessary to understand the causes of prolonged carriage, which lower the chances that CPE carrier
status will be discontinued, and to deﬁne appropriate methods
for discontinuing carrier status.
Most available data on duration of carriage and sensitivity
of detection methods refer to KPC-producing Klebsiella
pneumoniae.5,9–11 Extrapolation to other CPE should be done
with caution. There is considerable variability among carriers,
with many factors potentially inﬂuencing duration of carriage.
The following general guidelines aim to help staff make informed
choices about the process of discontinuing carrier status.
Among the factors that increase the risk of ongoing CPE
carriage are living in a long-term-care facility, poor functional
status, residence on a ward on which the incidence of
CPE acquisition is high, previous antibiotic therapy and
<3 months elapsed since the last positive CPE culture. Given
the obvious importance of location (general hospital vs longterm-care facility; healthcare facility vs home), the following
recommendations are divided accordingly:
1. General guidelines for the process of discontinuing
carrier status
1.1. The duration of carriage is >1 month in most cases.
Therefore, negative results within <1 month after a
positive culture may reﬂect insufﬁcient test sensitivity.
1.2. As a rule, CPE testing for the purpose of discontinuing
carrier status should not be undertaken <1 month after
the positive culture.
1.3. The infection prevention staff in each facility is
responsible for making decisions about individual
cases and for setting the general policy regarding
discontinuation of carrier status.
2. Selecting patients for discontinuation of carrier status in the
community
2.1. Patients who live permanently at home, especially
those who have good functional status and do not
require repeated hospitalization, have a high likelihood
of resolution of CPE carriage.
2.2. The outpatient healthcare provider should commence
the process of discontinuing carrier status 3 months
after the last positive culture.
3. Selecting patients for discontinuation of carrier status in
general hospitals
3.1. Discontinuing carrier status during a hospitalization in
which CPE carriage is documented is generally not
recommended.
3.2. Among readmitted carriers, the discontinuation process should be undertaken immediately upon hospital

admission, if the patient resides in the community and
at least 3 months have passed since the last positive
culture.
3.3. Candidates for discontinuation of carrier status should
be cared for under contact precautions, in a private
room, outside of the CPE cohort area, until test results
are available.
4. Selecting patients for discontinuation of carrier status
in LTCFs
4.1. This population is at highest risk for prolonged
carriage and for having a repeat positive test
following the discontinuation process. At the same
time, this is the most signiﬁcant population of
carriers that stand to beneﬁt from discontinuation of
carrier status, and in most cases, repeat carriage is
not documented.
4.2. It is recommended to begin the discontinuation process
in all patients hospitalized in LTCFs provided at least
3 months have passed since the last positive culture.
4.3. In patients with many risk factors for prolonged
carriage, including poor functional/physical status
(eg, chronically ventilated patients), frequent antibiotic
treatment, and hospitalization in a ward with a high
prevalence of carriage, consider avoiding or delaying
the start of the discontinuation process beyond the
deﬁned time frame of 3 months.
4.4. It is important to carry out the discontinuation process
fully and to conduct follow-up testing for recrudescence
of detectable carriage after the process is completed.
Process and Methods for Discontinuation of Carrier Status
In determining the process for discontinuing carrier status,
it is important to consider the intermittent nature of carriage
detection,10 which is also inﬂuenced by the sensitivity of
different testing methods. Therefore, we require 3 consecutive
negative tests: 2 screening cultures and 1 polymerase chain
reaction (PCR) test for the relevant carbapenemase-encoding
gene. This protocol, which has greater sensitivity than culture
alone, is required to minimize false-negative results in a
population with a high pretest probability of continued
carriage.12,13
If CPE was isolated from a clinical (ie, nonscreening) site in
which carriage is likely (eg, urine, respiratory tract, wound),
then at least once during the discontinuation process a culture
should be taken from the same site, if relevant (eg, there is no
need to repeat a culture from a wound that has healed). The
laboratory should be notiﬁed that the culture is for the purposes of CPE screening.
The discontinuation process should be carried out over at least
1 week (ie, a span of 7 days between the ﬁrst test and the third), to
optimize the likelihood that a successfully completed process
truly represents absence of carriage (unpublished data).
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Follow-Up after Completion of the Discontinuation Process
Patients with presumed eradication of CRE carriage have been
found to have a 13% chance of reverting to carrier status, either
by recrudescence of prior carriage at again detectable levels, or
by reinfection14,15. Therefore, a test for CPE carriage should be
repeated upon each new admission to a healthcare facility.
For patients at high risk of carriage recurrence, or when the
patient is hospitalized in a ward in which recurrence is liable to
have severe consequences, testing for carriage should be
repeated periodically.
Information Transfer
An effective CPE containment strategy requires accurate and
timely dissemination of information. Therefore, a standard terminology has been designated (see Figure 1). CPE carriage status
should be reported in every hospitalization discharge summary
and letter of transfer to another institution, as well as to the
Ministry of Health.2 In patients whose carrier status has been
discontinued, the discontinuation of carrier status should be noted
in the discharge summary or transfer letter, and to the Ministry of
Health, and should become a permanent part of the patient’s
medical record. The infection prevention staff in each facility is
responsible for making decisions about individual cases. A
nationwide, web-based program to facilitate seamless data entry
and transfer to relevant providers, and to limit our present reliance
on speciﬁc, limited personnel is under development.
In conclusion, the guidelines summarized in this document
have been developed over a decade of confronting the nationwide CPE outbreak in Israel, and they reﬂect the epidemiology
of the Israeli outbreak and the structure and function of the
Israeli healthcare system. Our strategy has been successful in
containing the outbreak. We believe that the principles outlined here provide a framework for other healthcare systems
confronting CPE. While a centralized approach is necessary for
effective CPE control, differences between countries in terms of
available resources and healthcare system structures, as well as
variability in the biology and dynamic epidemiology of the CPE
strains and enzymes, will require adaptation and ongoing
assessment of our strategy’s suitability to locally prevailing
conditions.
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