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Objective: Assess the potential of hospital-wide routine screening by determining the
prevalence and incidence of carbapenemase-producing organisms (CPOs) isolated from
rectal screens at Barnet and Chase Farm Hospitals.
Methods: 3,553 samples were collected between 01/12/2018 and 31/08/2019: from adult
critical care wards (universal screening - admission, discharge and weekly), from medical
wards with risk-factor based screening according to the prevailing Public Health England
(PHE) carbapenemase-producing Enterobacteriaceae (CPE) screening guidelines, or on an
ad hoc basis. Prevalence was defined as previously documented positive CPO colonisation,
or new positive status, as a proportion of all eligible samples. Incidence was defined as all
newly positive patients per 1,000 patient-days.
Results: Overall CPO prevalence was 2.1% (95% CI: 1.61e2.58%). Inpatient prevalence was
significantly higher at 2.6% vs outpatient at 0.5% (p < 0.001). Incidence was 0.44 per 1,000
patient-days (95% CI: 0.33e0.57), with a rate ratio between Barnet and Chase Farm of 4.9
(p ¼ 0.013). Incidence was highest where universal screening strategy was applied (3.9 per
1000 patient-days, 95% CI: 2.4e5.91). This was 2.5 times higher than risk-factor based
screening (p ¼ 0.005) and 23.5 times that of wards without routine surveillance imple-
mented (p < 0.001).
Conclusion: Surveillance remains a cornerstone in controlling CPO transmission. Our local
incidence, lacking hospital-wide screening, significantly exceeded the reported UK aver-
age. Universal screening could help to uncover the true prevalence and incidence of CPO,
thereby providing the necessary information to properly control transmission, reducing
nosocomial outbreaks and ultimately reducing the overall cost to healthcare.
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Introduction

Antimicrobial resistance (AMR) threatens the foundation of
modern medicine. The situation is particularly grave in the
case of multi-drug resistant Gram-negative infections, notably
carbapenemase-producing organisms (CPOs) which render
agents of last resort (carbapenems) useless [1e3]. Carbape-
nemase genes, often found on mobile genetic elements (e.g.
plasmids), spread from host cell to donor cells efficiently by
way of horizontal transfer. This property is key to the con-
tinued success of CPOs, compounding fears of a new “Post-
antibiotic Era” [1,2].

Concerted efforts have been made by healthcare pro-
fessionals, policymakers and industry to slow its progression,
whilst novel treatment strategies are being developed [3]. A
robust CPO surveillance and screening programme is a cor-
nerstone of any healthcare institution’s plan to combat AMR. It
provides both an epidemiological marker of AMR and informs
infection prevention and control teams of potential clusters
and outbreaks. In the UK, implementation of CPO screening
programmes is decided locally by individual institutions, with
wide-ranging heterogeneity of practice.

A national survey of carbapenemase prevalence and inci-
dence carried out in 2014 as part of the wider European survey
of carbapenemase-producing Enterobacteriaceae (EuSCAPE)
project, estimated CPE prevalence in the UK (from clinical
samples submitted by 21 sentinel laboratories across the
country) to be 0.02%, and CPE incidence was 0.007 per 1000
patient-days nationwide, with the incidence in London almost
double at 0.012 per 1000 patient-days [4]. A cost effectiveness
study of CPO screening conducted by Lapointe-Shaw et al. [5]
concluded that screening was not cost effective when CPO
prevalence was below 0.015%, conversely, savings were pre-
dicted with universal screening when prevalence rates excee-
ded 0.3% [5].

Barnet and Chase Farm Hospitals are located in north Lon-
don, serving a population of approximately 700,000. The Bar-
net site (BH) is a district general hospital offering acute
medical care, whilst the Chase Farm site (CFH) mainly caters
for elective surgical patients. CPO prevalence at the time was
estimated to be low (sporadic cases only), as was the majority
of the rest of England, and whilst a plan for CPO surveillance
was recommended by Public Health England (PHE), universal
screening for CPO was not mandatory [6]. At our institutions,
only 5 wards had any form of active surveillance in place at the
time of the study, and we sought to assess the impact of active
surveillance programmes on CPO incidence and transmission.
Methods

All rectal swabs sent to the laboratory for CPO screen from
Barnet and Chase Farm Hospitals between 01/12/18 and
31/08/19 were included in this retrospective observational
study. CPO screening was performed by first inoculating a
selective and differential chromogenic agar (Colorex�
mSuperCarba�, E & O Laboratories Ltd, Bonnybridge, UK),
which was incubated aerobically for 18e24h at 37�C. Isolated
Enterobacteriaceae, Acinetobacter spp. and P. aeruginosa were
screened for the presence of OXA-48-like, NDM and KPC carba-
penemase enzymes with RESIST3-O.K.N. K-SeT lateral flow assay
(Coris BioConcept, Gembloux, Belgium) in Enterobacteriaceae,
or ROSCO KPC, MBL and Oxacillinase detection kit assay in Aci-
netobacter spp. or P. aeruginosa (Rosco Diagnostica, Taastrup,
Denmark). If carbapenemase tests were negative, and the
antibiogram alluded to the presence of a possible carbapene-
mase (i.e. isolates with a meropenem MIC > 0.125 mg/L), the
isolate was sent to the reference laboratory for further con-
firmatory tests by molecular methods.

Universal screening was performed for all critical care
patients (Barnet site only) e on admission, weekly on Mondays
during their inpatient stay, and on discharge to other inpatient
wards or care facilities.

Risk-factor based screening was performed on admission to
twomedical wards at the Barnet site and one at the Chase Farm
site, as per the prevailing Public Health England (PHE) carba-
penemase acute care toolkit guidelines in 2018e2019 [6].
Briefly, any patient fulfilling the following criteria within the
preceding 12 months were screened e hospital stay abroad
(regardless of CPO acquisition risk profile), or in a UK hospital
with known nosocomial transmission of CPOs; previous history
of CPO colonisation and/or infection; close contact of an
individual with a history of CPO colonisation and/or infection.

All other inpatient wards did not have a specific routine CPO
screening programme in place during the study period. All
wards were subjected to ad-hoc contact screening (patients
with epidemiologically defined exposure to a confirmed case of
CPO were identified for CPO screening by the infection control
team) when a single CPO positive case was identified. An out-
break was defined as having at least one contact colonised and/
or infected with a CPO harbouring a similar resistance
determinant.

Contact precautions were taken upon confirmation of CPO-
positive status, in single-patient isolation rooms where possi-
ble, and at the time of the study, there was no hospital policy
for pre-emptive isolation unless they were a previously known
case, or a contact of a patient with, CPO colonisation or
infection.

Statistical analyses were performed in R (version 3.6.3).
Fisher’s exact test was used to compare relative prevalence of
CPO colonisation, and poisson regression for pairwise compar-
ison of incidence rates. For analysis of prevalence and inci-
dence, samples from patients colonised with CPOs were only
included once (i.e. deduplicated).
Results

A total of 3,553 CPO screening samples were included in this
study. Overall prevalence of CPO across both sites was 2.1%
(95% confidence interval: 1.61%e2.58%; n ¼ 73). Inpatient
prevalence was 2.6%, which was significantly higher than
prevalence in outpatient settings (0.5%) with a rate ratio of 5.1
and two-tailed p< 0.001 (95% confidence interval: 2.1e16.47).

CPO incidence rate across both sites was 0.44 per 1,000
patient-days (95% confidence interval: 0.33e0.57). The inci-
dence rate was higher at the Barnet site (0.5 per 1000 patient-
days; 95% confidence interval: 0.37e0.66), compared with the
Chase Farm site (0.1 per 1000 patient-days; 95% confidence
interval: 0.01e0.37), with a rate ratio of 4.9 (p ¼ 0.013). CPO
incidence rate at the Barnet site was highest amongst inpa-
tients in wards where a universal screening strategy was in
place, with a rate of 3.9 per 1,000 patient-days (95% confidence
interval: 2.4e5.91; n ¼ 21). The incidence rate in universal



Figure 1. CPO incidence rates at BH by screening programme.
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screening wards was significantly higher compared with risk-
factor based (n ¼ 18) screening wards (rate ratio of 2.5; p ¼
0.005) and with wards without any routine CPO surveillance
programme (rate ratio of 23.5; p < 0.001). See Figure 1 for
details of differential CPO incidence rates by prevailing routine
surveillance strategy. Of note, all pairwise comparisons of
incidence rates were statistically significant (p < 0.01).

The mean age of patients with CPO colonisation was
72.4 � 16.2 years, compared to those without at 68.6 � 18.1
years. There was no significant difference between mean age
of newly identified OXA-48 colonised patients (71.4 � 16.8
years) compared with the next most common carbapenemase,
NDM (76.7 � 13.9 years). Colonised patients were older,
regardless of the type of CPO determinant, with only a few
patients being under the age of 50. Although the age differ-
ences were not statistically significant (p> 0.05) between OXA-
48 and NDM colonised patients, OXA-48-like carbapenemase
were the only type of CPO determinant identified amongst
younger patients (age < 50), whilst NDM colonisation tended to
be observed in the older patients, perhaps signifying the col-
onisation potential of OXA-48-like carbapenemases in the
wider local community. See Figure 2 for details.
Discussion

The dual crises of rapid global expansion of CPOs and the
dearth of novel effective therapeutic agents, has led to con-
certed efforts by both policymakers and healthcare pro-
fessionals. The inaugural U.K. guidance for managing CPOs [6],
Figure 2. OXA-48 incidenc
including advice on detection and surveillance, was published
as part of the government’s broader 5-year plan to tackle
antimicrobial resistance [7]. Surveillance remains a key stra-
tegic focus in the latest report (AMR plan for 2019e2024) and
active monitoring of CPOs was specifically mentioned [8]. PHE
has consequently revised its recommendations on CPO sur-
veillance strategies, casting a far wider net for admission
screening, and acknowledging the increased risk of CPO colo-
nisation with prolonged hospital stay and antibiotic therapy
[9].

Risk-factor based admission screening is still recommended
by the updated PHE CPO guidance and includes host factors
(multiple hospital treatments e.g. haemodialysis), admission to
high-risk units (e.g. critical care, transplant wards, burns units)
and recognition of possible CPO acquisition during inpatient
stay at any hospital anywhere in the world [9]. This should
augment recording of accurate surveillance information,
thereby enhancing pre-emptive infection control measures.
This guidance also advises each healthcare institution to
understand their own local epidemiology, and step up screen-
ing efforts in patients or wards where there may be additional
risk factors (e.g. exposure to broad-spectrum antibiotics, host
immunosuppression, admission from non-acute settings with
higher-than-background population risk of CPO colonisation)
[9]. The risk-factor based screening wards at Barnet were
medical wards where patients were mostly elderly, with mul-
tiple comorbid factors. Risk-factor based screening has since
been extended to all wards, apart from critical care where
universal screening remains.

The higher CPO incidence observed at the Barnet site
compared to the Chase Farm site, may be due in part to the
lack of universal CPO screening at Chase Farm during the study
period, however, there were also differences inherent to the
patient population served by each site. During the study
period, Barnet was an acute care district general hospital,
whilst Chase Farm largely served as a hub for elective surgical
patients, with fewer CPO risk factors (e.g. exposure to broad-
spectrum antibiotics, prolonged stay on high-risk units).
Moreover, the main inpatient ward at Chase Farm comprised
largely of single-occupancy rooms, further reducing the risk of
patient-to-patient transmission.

The application of the revised and more inclusive PHE guid-
ance could perhaps enable earlier and more comprehensive
e rate by age groups.
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detection of new cases of CPO, and hopefully curtail nosocomial
spread. Even though 5 timesmore screens were being performed
on universal screening wards (0.3 screens/patient-day) versus
risk-factor based screening wards (0.06 screens/patient-day),
the CPO incidence were similar (21 versus 18 cases respec-
tively). Routine surveillance identified 19 out of the 21 new CPO
cases in universal screening wards, compared with just 6 out of
18 in risk-factor based screening wards. The rest of the new
cases were identified during active screening of exposed con-
tacts. The difference in proportion of new CPO cases identified
by active surveillance compared with contact screening was
statistically significant, p < 0.001. The period prevalence (for
the duration of the study) of CPO in universal screening wards
was 1.7%. All patients were screened on a weekly basis for the
duration of their stay in the universal screening wards in addition
to admission screens, whereas risk-factor based screening was
only performed at the point of admission.

The prevailing surveillance programme in our universal
screening wards, whilst more inclusive than the earlier PHE
guidance, has been validated by the updated 2020 version. The
expansion of active CPO surveillance programmes in acute
trusts, could garner more accurate information regarding our
CPO epidemiology, and help to understand the nature of CPO
carriage (acquisition versus unmasking of long-term carriage).
Most importantly it may reduce time to detection, enabling
effective infection prevention and control measures to be
instituted, optimising resources and reducing potential harm.

A complex protocol, including screening questions for CPO
risk factors, reduces the likelihood that staff will understand or
adhere to the guidelines. Consideration of a universal screen-
ing programme may result in better compliance.

This was an observational study with the main purpose of
consolidation of the CPO colonisation rates encountered at our
institution with the then prevailing practice for both surveil-
lance and infection control measures. As routine surveillance
(universal admission and weekly screening, risk-factor based
screening) was only performed in a limited number of wards
during the study period, prevalence and incidence rates pre-
sented here may only serve as a estimate. A hospital-wide
prospective period prevalence study would be required to
obtain a more accurate picture comparing the CPO detection
rates using different strategies.

Conclusion

The importance of a robust active surveillance programme
to effectively control the spread of CPO cannot be under-
stated. It must be the cornerstone of any successful CPO
management strategy.

The local CPO incidence rate, despite the lack of a hospital-
wide screening policy, was significantly higher than the
national average (which itself is likely to be an under-
estimation). It would be reasonable to suspect that the true
incidence rate is higher still. Universal admission screening
could help to better understand our local epidemiology. The
application of targeted ongoing screening of inpatients may
additionally enable pre-emptive infection control measures to
be instituted. This will reduce nosocomial outbreaks and ulti-
mately reduce the overall cost to healthcare whilst minimising
risk to patients.
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