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S U M M A R Y

Carbapenemase-producing Enterobacteriaceae (CPE) are a growing problem in UK hospi-
tals. Preventing transmission requires early detection. This study evaluates a new
screening policy for patients with a history of blaKPC-associated CPE (KPC-CPE) in a higher
incidence hospital. Previous policy assumed ‘once positive always positive’. New policy
uses rapid screening and risk assessment. Results show that most (76.5%) patients with a
history of KPC-CPE do not have detectable KPC-CPE on readmission or during their sub-
sequent hospital stay but that repeat screening after an initial negative result is required.
The new policy takes a risk-based approach while prioritizing isolation facilities in a higher
incidence trust.

ª 2019 Published by Elsevier Ltd on behalf of The Healthcare Infection Society.
Introduction

Enterobacteriaceae are a frequent cause of hospital-
acquired infection. Carbapenemase-producing Entero-
bacteriaceae (CPE) infections are challenging to treat and
therefore effective infection control strategies are important
[1].
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In England, detections of CPE have risen significantly over
the last decade [2]. Numbers in Greater Manchester are con-
siderably higher than elsewhere in England [3]. Parts of Man-
chester University NHS Foundation Trust (MFT), one of the
largest hospital trusts in North West England, have experienced
an ongoing multi-species blaKPC-associated CPE outbreak since
2009, with Klebsiella pneumoniae the most frequently isolated
organism [4]. Intensive local infection prevention and control
(IPC) measures, in line with national and international recom-
mendations, have been implemented in response [5,6].

Until April 2016, MFT policy assumed that all patients
admitted with a documented history of KPC-CPE colonization
remained positive and therefore required isolation. This was a
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precautionary measure owing to uncertainties regarding the
natural history of CPE carriage [7]. This created significant
demand on limited isolation capacity and impacted patient
flow.

From April 2016, MFT piloted a new KPC-CPE screening
policy at Manchester Royal Infirmary, a large general acute
hospital within MFT. Under the new policy, all patients pre-
viously identified as KPC-CPE positive are admitted to a side
room on readmission on the receiving ward and offered
screening for CPE using Cepheid Xpert Carba-R rapid screening
test, a highly sensitive and reliable molecular method for
detecting the presence of carbapenemase genes [8]. All sam-
ples found to be PCR positive for a carbapenemase gene are
subsequently cultured on chromogenic media and any suspect
colonies identified and susceptibility tested [9]. Patients with
an initial positive screen for KPC-CPE, and those who refuse
screening, are admitted to an isolation room or CPE cohort
ward for the duration of their inpatient stay. Patients with an
initial negative screen are classified as ‘CPE not detected’ and
a risk assessment is undertaken to establish the presence of
factors that may increase the risk of transmission such as
diarrhoea, incontinence, confusion, or non-compliance with
screening requirements. If low risk, the patient may be trans-
ferred to a general ward where they are monitored by a dedi-
cated member of the IPC team who repeats the screening test
and the risk assessment every 72 h. Dependent on the outcome
of the initial or subsequent risk assessments, additional infec-
tion control measures may be implemented such as nursing in a
side-room on a general ward or transfer to a CPE cohort ward.

Patients colonized with non-blaKPC carbapenemases are
managed outside of this policy. They are not re-screened on
admission and are nursed in a side-room for the duration of
their inpatient stay.

This study aimed to evaluate the outcomes of this new KPC-
CPE screening policy in a large general acute hospital with a
high incidence of CPE.

Methods

Patients with previously detected CPE at MFT are flagged on
the patient administration system for bed management pur-
poses. Data on all adult patient admissions to MFT between
April 1st, 2016 and August 15th, 2017 with a KPC-CPE flag
First readmission
        screen

     204/1194
(17.1%) tested
      positive

     990/1194
(82.9%) tested
      negative

1194 episodes where
    patients with a
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were screened under
     new policy on
readmission to MFT
 between 01/04/16
      and 15/08/17

Figure 1. blaKPC-associated carbapenemase-producing Enterobacte
patients who were readmitted to Manchester University NHS Foundat
(indicating a previous CPE detection) were extracted from the
hospital patient administration system and linked with the
laboratory information management system containing all CPE-
positive laboratory results for the same period. The analysis
included all admissions during the period for patients who had
been identified as KPC-CPE positive on a previous admission
and who, when readmitted, had been rescreened as part of the
KPC-CPE screening policy pilot. Patients with a history of CPE
other than KPC, and admissions to areas of the trust not
included in the screening policy pilot, were excluded from the
analysis.

We performed a descriptive analysis to assess:

(1) the proportion of readmission episodes where the patient
tested positive on the initial readmission screen;

(2) the proportion of readmission episodes where the patient
converted from ‘CPE not detected’ to positive during the
admission;

(3) the proportion of readmission episodes where the patient
had any KPC-CPE detection during the admission;

(4) the number of screens conducted before testing positive in
episodes where the patient had a subsequent positive
screen during admission.

Individual participant consent and research ethics commit-
tee approval was not required as this study used routinely
collected hospital admission and laboratory data for a service
evaluation. Data were anonymized prior to analysis.

Results

During the study period, there were 1194 readmission epi-
sodes (607 patients) where patients previously positive for KPC-
CPE were readmitted to the trust and screened under the new
KPC-CPE screening policy. Of the 607 patients, 273 (45%) had
multiple readmissions during the study period (median: 1;
range: 1e13).

Patients tested positive for KPC-CPE on their first read-
mission screen in only 204/1194 (17.1%) readmission episodes
(Figure 1). Of the 990 readmission episodes where the patient
had no detectable KPC-CPE on the initial readmission screen,
77 (7.8%) had a detectable level of KPC-CPE on a subsequent
screen during the admission (Figure 1).
  77/990 (7.8%) tested positive

Subsequent screens during admission

riaceae (KPC-CPE) screening outcomes for previously positive
ion Trust (MFT) between April 1st, 2016 and August 15th, 2017.
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Overall, there were 281/1194 (23.5%) readmissions where
the patient had detectable KPC-CPE at some point during
admission: 204/1194 (17.1%) had detectable KPC-CPE on initial
readmission screen and 77/1194 (6.4%) on subsequent screens
during admission.

For those readmissions in which the patient had detectable
KPC-CPE during admission, 204/281 (72.6%) were positive on
the initial readmission screen, 27/281 (9.6%) were positive on
the second screen (72 h), and 18/281 (6.4%) were positive on
the third screen (six days). Thirty-two (11.4%) were detected
after four or more screens (Figure 2). Of readmissions with
detectable KPC-CPE during the admission, 249/281 (88.6%)
were detected within three screens.
Discussion

In most (83%) readmissions the patient did not have
detectable KPC-CPE on initial screening. Only 7.8% of read-
missions with no detectable KPC-CPE on initial screening had
KPC-CPE detected on subsequent screens during the admission.
Most readmissions (76.5%) with a previous history of KPC-CPE
did not have detectable KPC-CPE at any point during the
admission. For those with detectable KPC-CPE at any time
during the admission, most (89%) were detected within three
screens.

The large proportion of readmissions that had no detectable
KPC-CPE on readmission, combined with the finding that only a
small proportion of these subsequently had a detectable level
during admission, supports the decision to adopt the new
screening policy at MFT. Under the new policy, many patients
who would previously have been placed in isolation or nursed
on a CPE cohort ward are nowmanaged within the general ward
environment. This allows isolation and cohort facilities, which
are used for both CPE and other requirements, to be appro-
priately prioritized. In addition, rapid turnaround times for the
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Figure 2. Number of screens to first positive result in read-
missions where the patient tested positive for blaKPC-associated
carbapenemase-producing Enterobacteriaceae during admission
(N ¼ 281).
PCR screening test facilitate efficient bed management and
improved patient flow.

There are, however, potential risks from the change in
policy. Some (7.8%) readmissions with no detectable KPC-CPE
on initial screening subsequently tested positive during their
admission. Nursing these patients on a general ward without
follow-up or subsequent screening may therefore pose a risk of
onward transmission to other patients. However, it is reassur-
ing that this proportion is small, and the frequent rescreening
and risk assessment of these patients allows timely detection
of patients reverting to positive and implementation of
appropriate control measures to reduce the risk of onward
transmission. In addition, 89% of readmissions with detectable
KPC-CPE at some time during admission were detected within
three screens. The potential value of serial screens found here
is in contrast to the lack of benefit of three serial culture-based
screens identified in a recent study in all admissions in a low
prevalence trust in London [10]. The different findings may be
in part due to the molecular testing used in MFT which is likely
to increase the sensitivity of the serial screens and to the
higher risk population assessed at MFT (admissions with a
previous history of CPE).

This was a pragmatic service evaluation using routine data.
The strength of the evaluation is the large number of patients
with a history of KPC-CPE screened on readmission. There are
several limitations. First, from the available data we were
unable to determine the reason why patients had no detectable
KPC-CPE on admission. Potential explanations include: they
were no longer carrying KPC-CPE, they had low level undetect-
able carriage, or a poor quality screening sample was taken,
although implementation of quality control based on visible
faecal matter on swabs should have reduced the risk of the latter
[9]. Second, we were unable to distinguish between continued
colonization from an endogenous source and new colonization in
patients who initially tested negative and subsequently tested
positive during admission. It is possible that some patients
acquired KPC-CPE following admission. Finally, we were unable
to quantify how many patients discharged shortly after their
initial negative screening test would have subsequently tested
positive had they undergone further screening.

This evaluation suggests that for most readmissions with a
history of KPC-CPE the risk of onward transmission is likely to
be small, but that there is a need to screen regularly after an
initial negative result. This screening policy provides a prag-
matic and risk-based approach to patients with previous KPC-
CPE carriage and enables the trust to prioritize the limited
isolation facilities. Though additional isolation facilities are
desirable in almost all healthcare facilities, the change in
policy allows a more appropriate use of existing isolation
facilities mitigating the difficulties of changing the current
infrastructure. A more detailed analysis is planned with a focus
on assessing the impact of the new policy on transmission of
KPC-CPE in the hospital and determining the risk factors asso-
ciated with reversion to a detectable level of KPC-CPE during
admission. Results of further studies will be used to inform
national, risk factor-based screening policies.
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