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S U M M A R Y

Carbapenemase-producing Enterobacteriaceae (CPE) are a significant challenge to
healthcare and infection prevention and control teams. In the UK, OXA-48-like carbape-
nemases are frequently reported. We describe an outbreak of OXA-48-like producing
Enterobacteriaceae and the control measures that proved effective in containing further
spread.
Aim: To describe epidemiologic and laboratory features of outbreak and highlight key
control interventions.
Findings: Following the introduction of an increased sensitivity CPE screening protocol,
OXA-48-like CPE were identified in screening and clinical samples from 96 patients across
five hospital wards between November 2017 and July 2018. Klebsiella pneumoniae and
Enterobacter cloacae were the most frequently isolated organisms, although a range of
OXA-48-like positive organisms were identified. The outbreak was contained utilising
certain key interventions, including the modification of laboratory screening processes,
engagement of hospital senior management, clear and frequent communication and a
strong ‘ward presence’ by the infection prevention and control team (IPCT).
Conclusion: Our report describes how a change in laboratory CPE screening process
unmasked a CPE outbreak. The range of bacterial species harbouring the OXA-48-like
mechanism suggested plasmid-mediated transfer of resistance. The timely implementa-
tion of interventions using a clinical, ‘ward-based’ approach to infection prevention and
control highlights the importance of behavioural change in infection control interventions
and enabled the termination of a large outbreak without recourse to environmental
sampling, major remedial construction work or extensive molecular strain or plasmid
typing.
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health and infection prevention and control teams (IPCT) as
CPE infections are associated with adverse outcomes [1]. In the
United Kingdom (UK), Public Health England (PHE) have pub-
lished a Toolkit providing guidance on the detection, man-
agement, and control of CPE [2] and published guidance on the
standards for microbiological investigations for carbapene-
mases (SMI B 60)3. However, there is recognised uncertainty in
the UK regarding several aspects of CPE screening and the
management of CPE colonised patients, with consequent var-
iability in practice related to screening methodology and pro-
tocols [4]. OXA-48-like carbapenemases belong to the Ambler
class D beta-lactamases. OXA-48 has been detected in a variety
of Enterobacteriaceae and may be transmitted between spe-
cies via plasmids [5]. The OXA-48-like family were the most
frequently reported carbapenemase in the UK in 2017,
accounting for 48.5% of confirmed CPE [6], however OXA-48-
like producers may be missed by routine antimicrobial sus-
ceptibility testing methods using clinical breakpoints [7], due
in part to their relative susceptibility to carbapenems and
cephalosporins compared with other CPE common in the UK
(e.g. New Delhi metallo-beta-lactamases and Klebsiella pneu-
moniae carbapenemases) [11].

Here we report an outbreak of OXA-48-like-producing
Enterobacteriaceae in a district general hospital in the UK. The
outbreak took place from November 2017 to July 2018. A total
of 96 cases were identified across five hospital wards. OXA-48
was detected in 10 different Enterobacteriaceae species.
Limited species specific molecular typing identified three
probable clusters of six to nine cases each. We aim to highlight
that control of the outbreak required modification of labo-
ratory detection methods and a bundle of infection prevention
and control interventions implemented across the hospital,
with involvement of staff “from board to ward”. These meth-
ods proved effective in controlling the outbreak without envi-
ronmental sampling, major environmental modification or
extensive molecular typing or sequencing of isolates.
Methods

Healthcare setting and affected patient population

The outbreak took place at Barnet Hospital (BH), a district
general hospital, with additional cases on a rehabilitation ward
at Chase Farm Hospital (CFH), which are both part of the Royal
Free London NHS Foundation Trust group of hospitals in Lon-
don, UK. The Trust group also includes the Royal Free Hospital
(RFH), an acute and tertiary referral specialist centre.

The population affected included hospital inpatients at BH
on the critical care unit (CCU) and surgical wards, and at CFH
on the rehabilitation ward. In December 2017, Barnet Hospital
microbiology and IPCT teams were alerted to a patient who had
been identified as CPE colonised with an OXA-48-like-producing
Klebsiella pneumoniae on a rectal swab screening culture fol-
lowing transfer to RFH from BH CCU. The patient had previously
had three negative CPE screens on BH CCU. At the onset of the
outbreak, admission and weekly screening was in place at BH
on the CCU and haematology ward. The microbiology labo-
ratory that processed BH and CFH samples used a different
screening method than the separate laboratory serving RFH.
Subsequently, the BH and CFH laboratory used a different CPE
screening method and further cases were detected resulting in
the declaration of an outbreak in January 2018. The outbreak
was concluded in July 2018.

Laboratory methods

Following the detection of the index case, laboratory
methods at BH and RFH were reviewed. The BH screening
method comprised inoculation of selective agar (CHROMagar
mSuperCARBA agar, CHROMagar, France) followed by anti-
microbial susceptibility testing (AST) using the clinical sus-
ceptibility breakpoint (the minimum inhibitory concentration
(MIC) in mg/L) for meropenem (2 mg/L) according to the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines (version 7.1)7. It was identified that RFH
utilised an increased sensitivity screening method for the
detection of the OXA-48-like resistance mechanism. This
method, which utilised phenotypic rules - resistance to
temocillin and coamoxiclav and piperacillin-tazobactam, or
third-generation cephalosporins prompted reflex testing for
carbapenemase presence by meropenem and ertapenem E-
test (bioMérieux UK)- and a lower, meropenem and ertapenem
screening MIC cut off (>0.125 mg/L) as parameters triggering
CPE testing by means of a lateral flow assay, the Resist3
O.K.N. K-Set test (Coris Bioconcept, Belgium) [15]. This
screening algorithm was subsequently adopted by the Barnet
Microbiology laboratory with some modifications. (Refer
Table I).

The UK SMI B 60 and EUCAST recommend the use of mer-
openem AST for CPE screening with a cut-off MIC of >0.12mg/
L2,7. However, OXA-48-like producers may be susceptible to
cephalosporins and carbapenems at the clinical breakpoints,
and may be missed by both classical and automated anti-
microbial susceptibility testing systems [9,10]. Consequently,
high level temocillin resistance (MICs�128mg/L) has been
proposed as a screening test for OXA-48 production [8].

Analytical methods

Cases were defined as patients from whom OXA-48-like-
producing CPE was isolated during an admission to BH or CFH,
or from whom these organisms were identified within twelve
months of admission to BH or CFH, in the absence of other risk
factors such as travel to and/or healthcare in a country outside
the UK or exposure to another known OXA-48 outbreak.

Casedetailswerecollectedprospectivelyduring theoutbreak.
In addition the IPC database was reviewed for additional cases
back to January 2017. Case details were collected from the lab-
oratory information system, electronic health record and patient
notes. Data was recorded and analysed on an Excel spreadsheet.

A retrospective cohort study was conducted to review the
epidemiology of the outbreak in relation to the control meas-
ures instituted. Percentages were used to evaluate the pos-
itivity rates of CPE screening.

Results

After the increased sensitivity screening method was intro-
duced, thenumberofpatientsdetectedwithCPEpositive screens
with OXA-48-like resistance mechanism began to increase. CPE
colonised patientswere identifiedon thecritical care unitweekly
screening; contact tracing and re-screening resulted in further



Table I

Updated CPE screening method at Barnet Hospital (February 2018)

Resist3 negative
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CPE not detected 
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Resist3 positive:

Resist3 negative

Presumptive CPE 
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patients being identified with CPE colonisation. Species specific
molecular typing was performed by the Antimicrobial resistance
and healthcare associated infections reference unit (AMRHAI) at
the PHE Bacteriology Reference Department, using pulsed-field
gel electrophoresis (PFGE) or variable number tandem repeat
(VNTR) analysis. Typing results demonstrated three clusters: on
the critical care unit and a surgical ward at Barnet Hospital and
the rehabilitation unit at Chase Farm Hospital. A CPE outbreak
was declared in January 2018.
Figure 1. CPE positive scree
During the period of the outbreak, (November 2017 to July
2018), 96 patients had positive cultures with OXA-48 CPE
across five wards. CPE screens were positive in 71 patients and
clinical samples returned CPE positive cultures in 25 patients;
this included blood culture specimens (n¼2), fluid (n¼3), urine
(n¼13), sputum (n¼3) and wound swab samples (n¼4)
(Figure 1). Screening numbers were monitored between April
and August 2018: 41 out of 2118 screens returned positive
(1.9%).
ns and clinical samples.



Table II

Organisms with OXA-48 resistance mechanism identified during the
outbreak (January 2018 to June 2018) (including organisms iden-
tified in mixed cultures)

Organism Number of isolates

Klebsiella pneumoniae 40
Enterobacter cloacae 34
Escherichia coli 19
Citrobacter freundii 3
Klebsiella variicola 2
Klebsiella oxytoca 2
Serratia marcescens 2
Citrobacter amalonaticus 1
Klebsiella aerogenes 1
Leclercia sp 1
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Klebsiella pneumoniae and Enterobacter cloacae were the
most frequently isolated organisms, although a range of
organisms carrying OXA-48-like carbapenemases were identi-
fied (Table II).

Meropenem MIC testing results were available for 72 iso-
lates: MIC values were <0.125 mg/L for seven isolates, 53
isolates had MIC values between 0.125 -0.5 mg/L, five isolates
had MIC values between 0.5 and 1 mg/L. Only seven isolates
had meropenem MICs >1 mg/L.
Outbreak interventions

At the onset of the outbreak, a range or IPCT interventions
were instituted including contact screening (weekly ward
screening on affected wards for four weeks following detection
Table III

CPE outbreak control measures using QI principles
of the most recently identified CPE colonised patient), iso-
lation of cases in single rooms with strict contact precautions,
enhanced environmental cleaning and increased hand hygiene
promotion. These measures were monitored, and reported
back to the IPC team during weekly outbreak meetings.

Despite this, as the number of cases continued to rise, it
became clear that a fresh approach was required. A combina-
tion of interventions using quality improvement (QI) principles
were then agreed and instituted, supported by the use of a
driver diagram (Table III).

Key interventions that were effective in outbreak control
(Figure 2) were:

- Modification of laboratory processes, enabling rapid
detection of CPE colonised and infected patients

- Engagement of hospital senior management from an early
stage. Hospital executive committee members were
updated weekly with outbreak reports and recom-
mendations. Senior level support made it possible to ini-
tiate timely interventions, such as terminal cleaning of
wards. A monthly report to the Executive Board and Patient
Safety Committee was provided in person by the IPCT along
with a narrative of the outbreak progress and any issues
related to resource provision or staff engagement were
raised for action. IPCT attendance at Executive Board
meetings continued for the duration of the outbreak.

- Clear and frequent communication by a range of meth-
ods. In the early phase of the outbreak, IPC team members
recognised that hospital staff needed support to build up
their knowledge and confidence in order to engage in dis-
cussions and answer questions posed by patients. In
response, an extensive teaching exercise was launched.
IPCT conducted frequent teaching sessions to a wide range



Figure 2. Timeline of interventions.
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of hospital staff, including paramedical staff and cleaners.
Sessions were undertaken out of hours to access staff
working different shift patterns. Content included general
information regarding the nature and epidemiology of CPE
and necessity for strict isolation measures as well as spe-
cific guidance related to the management of laundry,
waste, crockery and care equipment. Educational resour-
ces included information leaflets for staff and patients and
pocket cards with prompts to enable quick reference. This
was also undertaken in early mornings and late evenings to
include staff working on different ‘shift’ patterns.
Refresher sessions on basic IPC precautions were under-
taken, with the opportunity for face-to-face teaching
emphasised over mandatory electronic education
packages.

CPE updates were provided at Medical Grand Rounds, Divi-
sional Directorate meetings and medical teaching sessions.

- A strong ‘ward presence’ by IPCT: Of note, the trust has
established IPC nurses as ‘Clinical Practice Educators’ since
2007 to enable IPC specialists to engage in shift work and
patient care activities to educate by role modelling and by
one-to-one facilitation. Where ‘IPC link nurses’ had pre-
viously found problems attending IPC training and had
insufficient time for dedicated IPC activities within the
wards, the recruitment of IPC trained practice educators
within the IPC team who spent all their work hours within
the clinical ward area teaching and role-modelling best IPC
practice has paid dividends across the Trust sites. Clinical
areas with CPE colonised patients were visited on a daily
basis by IPC nurses, who discussed practical aspects of care
with nursing staff and doctors and highlighted any
improvements in practise from their ward inspection.

- Deep Cleaning protocols were used to focus stringent
cleaning following identification and discharge of colonised
patients. Emphasis was around the quality of the cleaning
and repeated cleaning of frequently touched surfaces such
as door handles, phones and light switches. The cleaning
protocol included the use of peracetic acid wipes (Clinell�
wipes, Gama Healthcare, UK) and was followed by hydro-
gen peroxide decontamination (Glosair 400 misting, Ethi-
con Inc, USA).

- PHE guidance: PHE representatives were closely involved
with outbreak management decisions. A PHE expert visit to
affected clinical areas was arranged and important envi-
ronmental interventions (including changing the direction
of opening of the intensive care unit sluice room doors to
allow ‘hands-free access) were undertaken following rec-
ommendations from the report.

- CPE management meetings: Monthly meetings dedicated
to driving improvements to end the outbreak were con-
tinued for six months after the outbreak was declared over.
This enabled continuous vigilance to detect new cases or
clusters and was a forum to review any pending long-term
actions from the outbreak management plan.

The outbreak was declared over in July 2018.
Discussion

OXA-48 carbapenemase producing strains have been
described as ‘the phantom menace’ [11]: they can be difficult
to identify, since meropenem MICs can be much lower than the
clinical breakpoint for resistance [3]. In recognition of this, the
current EUCAST screening cut off for carbapenem resistance is
based on the epidemiological cut off value (ECOFF) for mer-
openem, which is 0.125 mg/ml [7]. Our report describes how
adopting an alternative screening process, utilising both the
lower cut-off value and an assay independent of meropenem
MIC, unmasked a CPE outbreak and serves as a salutary warning
for laboratories to regularly review processes in light of rapidly
changing global and local epidemiology. Of note, seven isolates
had Meropenem MICs lower than the EUCAST ECOFF value and
were identified only as a result of our optimised screening
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process utilising the Resist3 O.K.N K-Set test for any bacterial
growth on the screening agar.

OXA-48-like carbapenemase was identified from several
bacterial isolates and VNTR typing enabled the detection of
three CPE clusters; however, the range of bacterial species
harbouring the OXA-48-like resistance determinant suggests
transmission via mobile genetic elements. One of the limi-
tations of our study is the lack of extensive molecular typing or
genotypic sequencing of isolates or plasmids, which makes it
difficult to ascertain exact routes of spread.

Using a quality improvement (QI) framework for inter-
ventions proved to be very effective in rapidly controlling this
large outbreak. Another aspect that is difficult to quantify and
can be overlooked in outbreak management by IPCTs is the
importance of behavioural science in Infection Prevention and
Control [12,13]. During the outbreak, there was an emphasis on
clear communication with clinical teams, managers and para-
medical staff. Several teaching sessions with small groups were
conducted and regular, frequent ward visits were undertaken.
This had a direct effect on organisational level awareness and
education related to CPE, from ward staff to trust board and
undoubtedly contributed to the overall recognition and man-
agement of CPE within the hospital. Rather than concentrating
on resource heavy measures that were difficult to implement, a
decision was made to focus on what the ideal measures would
be and what steps were possible to ‘start’ to implement them
and then take them forward. This is a key role of the QI process
[14].

In conclusion, we were successful in rapidly terminating a
large CPE outbreak by the timely implementation of inter-
ventions using a quality improvement framework and a clinical,
‘ward-based’ approach to infection prevention and control,
highlighting the importance of behavioural change in infection
control interventions.
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