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Background: Carbapenemase-producing Enterobacteriaceae (CPE) are an emerging threat for healthcare providers
worldwide.

Objectives: To determine CPE carriage rates and risk factors in an unselected hospital cohort at the time of admission.

Methods: We approached 4567 patients within 72 h of admission to provide a rectal swab and answer a question-
naire on risk factors for carriage. Rectal swabs were cultured for carbapenem-resistant organisms on chromogenic
and non-chromogenic agar, and tested for carbapenemase production by PCR (Check-Direct CPE). The study was
approved by the NHS Research Ethics Committee.

Results: Only 6 CPE were cultured from 5 (0.1%) of 4006 patients who provided a rectal swab; only 1 was cultured
using non-chromogenic media. An additional 76 culture-negative rectal swabs were initially PCR positive, but none
grew a carbapenem-resistant organism despite enrichment culture and only two were positive when retested several
months later by Check-Direct and a second PCR assay (Cepheid GeneXpert® Carba-R). A modified Ct cut-off of <35
would have resolved these apparent false-positives. 40% of patients had a risk factor that should prompt screening
and pre-emptive isolation as defined by UK CPE guidelines but only 8.1% and 20.2% of these patients had been
screened and pre-emptively isolated by clinical teams, respectively. Overseas hospitalization was the only significant
risk factor for CPE carriage (P<<0.001, OR 64.3, 95% CI 7.3-488.5).

Conclusions: This study highlights a very low carriage rate of CPE. Hospitalization abroad is the most important risk
factor to guide admission screening in this low-prevalence setting.

Introduction

Carbapenemase-producing organisms (CPOs), including both
Enterobacteriaceae such as Klebsiella pneumoniae and non-
fermenters such as Acinetobacter baumannii, are emerging world-
wide.™? Although carbapenemase-producing non-fermenters
present important challenges in some hospital specialties,
especially ICUs and burns units, carbapenemase-producing
Enterobacteriaceae (CPE) are a threat across the healthcare and
potentially community setting, combining multidrug resistance,
virulence and the potential for rapid spread.’?

CPE is now endemic in some parts of the world, notably
South-East Asia and southern Europe, but has been comparatively
rare in the UK.?>~® For example, the diagnostic laboratory at our
institution in London identified only 25 carbapenem-resistant
Enterobacteriaceae from clinical samples between 2011 and

2013, during which time there was no formal screening policy.®
The prevalence of CPE elsewhere in the UK is unknown; it is of con-
cern that KPC-producing Klebsiella pneumoniae have become
endemic in the Manchester region, and there is evidence that
the prevalence of CPE is increasing in the UK.*®~® Outbreaks of
carbapenem-resistant A. baumannii are also reported from UK
critical care units.*'°

In response to this emerging threat, Public Health England (PHE)
published a CPE Toolkit for all NHS hospitals in 2013.*>*? It pro-
posed pre-emptive isolation and screening of patients who have
undergone overseas hospitalization in ‘high-risk’ countries abroad
or ‘high-risk’ UK hospitals, and patients who have had CPE previ-
ously.® However, these risk factors are not evidence based due to
limited UK epidemiological data on prevalence and risk factors
for CPE. The prevalence of CPE carriage at the time of hospital
admission varies widely'®~*° and this has implications for the
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cost effectiveness of admission screening.*® Another challenge is
the laboratory diagnosis of CPE,**/ particularly in a low-prevalence
setting. Conventional culture-based approaches, including chromo-
genic agar, have good sensitivity and specificity, but results take
24-48 h, which prolongs unnecessary isolation for the vast major-
ity of patients who will be negative.'”*® Meanwhile, PCR-based
methods, which can be applied directly to a rectal swab, have faster
turnaround times and may offer improved sensitivity;***° however,
few studies have compared PCR with culture for detecting CPE at
the time of hospital admission.

This universal adult admission screening study was performed
to obtain an accurate prevalence and risk factor profile for CPO
carriage, and to evaluate the performance of various laboratory
approaches to detection of CPO including carriage of carbapene-
mase genes. The study was intended to support an evidence-
based approach to introducing cost-effective CPO screening.

Patients and methods

Ethics

The study was approved by the Camberwell St Giles NHS Research Ethics
Committee (14/L0/2085).

Patients

A team of research nurses and healthcare assistants approached adult
patients within the first 72 h of their admission between February and
May 2015. We approached patients on all adult inpatient wards during
day shifts between Monday and Friday, though including some Saturdays.
Exclusions included paediatrics, the emergency department, daycare
wards and maternity wards. Subsequent episodes of admission for the
same patient were excluded. Consent was obtained and a rectal swab
was collected using an Eswab™ (Copan, Brescia, Italy). Eswabs have super-
ior recovery compared with traditional swabs, and provide a liquid suspen-
sion that can be used for multiple downstream tests.?>?2 During the
screening consultation, each patient was asked the questions detailed in
Table S1 (available as Supplementary data at JAC Online).

Swab treatment and culture

Rectal swabs were transported to the research laboratory on the day of col-
lection and stored at 4°C until processed. 10 pL aliquots from the Eswab
fluid were plated onto MacConkey with a 10 g ertapenem disc and incu-
bated at 35-37°C for 24 h, and both halves of chromID® CARBA SMART
(bioMérieux, Basingstoke, UK), and incubated at 35-37°C for 24 h. Broth
enrichment was performed for specimens that were negative by culture
but positive by PCR: 100 wL aliquots from the Eswab fluid were inoculated

into tryptone soya agar (TSA) broth plus 16 mg/L vancomycin (to inhibit
Gram-positive organisms) and 0.12 mg/L ertapenem, and TSA broth plus
16 mg/L vancomycin and 0.25 mg/L cefotaxime. Broths were incubated at
35-37°C for 24 h. Each broth was plated out onto MacConkey and CARBA
SMART and incubated at 35-37°C for 24 h. Presumptive colonies were iden-
tified using MALDI-TOF (Bruker, Coventry, UK) and antimicrobial susceptibil-
ity tested using a Vitek 2 (bioMérieux). CPE identified locally were confirmed
by the national reference laboratory.

CPE detection

Check-Direct CPE (Check-Points, Wageningen, the Netherlands) was per-
formed on the BD MAX™ platform (Becton Dickinson, Oxford, UK) on the
same day as setting up the agar plates using 25 ulL of the Eswab fluid.
Additionally, several months after the original specimen had been col-
lected, GeneXpert® Carba-R (Cepheid, Sunnyvale, CA, USA) was performed
on specimens that either grew a CPO or were positive by the Check-Direct
CPE PCR, in parallel with a repeat Check-Direct CPE test from the original
Eswab fluid (which had been stored at —20°C).

Data analysis

A patient-level database was constructed to include relevant details,
including laboratory test results, questionnaire data provided at the time
of specimen collection, clinical details such as medical specialty, reason
for admission, and patient demographics such as age, gender and under-
lying medical conditions. Risk factors for CPE carriage were determined
through x? tests for categorical variables and t-tests for continuous
variables.

The sample size was calculated for a range of expected proportions of
CPO carriage using the standard random sampling formula and assuming
0.01 precision, 95% confidence (Z=1.96) and 20% refusal to participate.
The rate of refusal to participate was estimated from previous studies
requiring rectal samples performed at Guy’s and St Thomas’ NHS
Foundation Trust (GSTT). The sample size calculation indicated a sample
of 4184 patients would provide an accurate measure of CPO prevalence
in patients admitted to GSTT. Therefore, we set a target sample size of
4500 patients to recruit to allow for incomplete sample or data collection
for some patients.

Results

4567 patients were approached to participate in the study: 4006
(87.7%) provided a rectal swab and answered the risk factor ques-
tionnaire; 561 (12.3%) did not provide a rectal swab (Figure 1). Of the
403 patients who did not submit a rectal swab and answer the
questionnaire, 76 (18.8%) declined because of the need for a rectal
swab, 93 (23.1%) for no given reason and 234 declined (58.1%) for
some other reason [of which 130 (55.3%) were due to feeling too

4567 patients approached

4006 (87.7%) provided
rectal swab and answered
risk factor questions

435 (9.5%) answered risk
factor questions but did
not provide a rectal swab

126 (2.8%) patients did not
answer risk factor questions
or submit a rectal swab

Figure 1. Study flow chart.
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Table 1. CPE: bacteria, carbapenemases and Ct values

Check-Direct (Ct) GeneXpert (Ct) Direct culture/PCR

OXA-48 (31.8) OXA-48 (30.2) E. coli OXA-48
OXA-48 (29.0) OXA-48 (27.8) E. coli OXA-48
NDM (23.1) NDM (25.6) E. coli NDM
Negative OXA-48 (34.1) C. freundii OXA-48
NDM (28.2) NDM (28.2) E. coli NDM

K. pneumoniae OXA-48

Table 2. Prevalence of risk factors (total number of patients 4441)

Risk factor Patients [n (%)]
Non-UK residents 57 (1.3)
Overseas travel in the past 12 months 1455 (32.8)
Overnight hospital stay in the past 12 months

GSTT 1381 (31.1)
Within M25 1644 (37.0)
North-West 8(0.2)
Any UK hospital (including London) 1862 (41.9)
Overseas hospital (CRE risk countries as defined by PHE®) 1(0.5)
Overseas hospital (any country) 5(1.0)
Antibiotics in the past 6 months—any 2404 (54.1)
Antibiotics in the past 6 months—one course 1295 (29.2)
Antibiotics in the past 6 months—more than one course 1107 (24.9)
At least one risk factor 3573 (80.5)
At least one risk factor (excluding antibiotics) 2865 (64.5)

unwell to participate, and 86 (36.6%) were not interested in the
study]. There were no significant differences in ethnic group between
patients who completed a risk factor questionnaire but did not sub-
mit a rectal swab, and those who completed a risk factor question-
naire and submitted a rectal swab (P=0.110, data not shown).

Six CPE were cultured from 5 (0.1%) of 4006 patients who sub-
mitted a rectal swab (Table 1); four were Escherichia coli and the
only carbapenemases detected were OXA-48 and NDM. 5/6 CPE
from 5/5 patients were detected by GeneXpert PCR, whereas 4/6
CPE from 4/5 patients were detected by Check-Direct. One hun-
dred and twenty samples (3.0%) were initially unresolved by
Check-Direct PCR but all resolved after one (hn=117), two (n=2)
or three (n=1) repeats. 5/6 CPE grew on the CARBA SMART chromo-
genic media, whereas only 1/6 were identified by the standard
laboratory protocol using MacConkey agar. None of the CPE culture-
positive samples had visible faecal matter. No carbapenemase-
producing non-Enterobacteriaceae were identified.

Samples from an additional 76 (1.9%) patients were PCR posi-
tive by Check-Direct but culture negative at the time of sample
collection. Eswab aliquots stored at —20°C were retested between
1 and 2 months after sample collection by Check-Direct and
tested for the first time by GeneXpert, but only 2/76 were positive,
both by Check-Direct and GeneXpert. The mean Check-Direct Ct
values were significantly lower for culture-positive samples com-
pared with culture-negative samples (29.3 versus 41.0; P=0.012).
The Ct values for culture-positive samples using the GeneXpert
tests was similar to Check-Direct (29.3 versus 28.3). If we applied

Table 3. Risk factors for CPE

%CPE+ with

CPE— without CPE+ with CPE+ without %CPE— with

CPE— with
risk factor

OR 95% CI

P value®

risk factor risk factor

risk factor risk factor

risk factor

Risk factors

Overnight hospital stay in the past 12 months

7.3-488.5
2.3-594.6

64.3

<0.001

40.0

1.0
0.4
47.1

3966
3993
2302

overseas hospital (any country)

57.5

0.002

20.0
80.0

overseas hospital (CPE risk countries®)
any UK hospital (including London)

within M25

GSTT

0.306
0.574

1704
1496
1253

20.0

424

2510
2753
4000
2695
3958

0.769

20.0

36.3

1.000
1.000
1.000

0.2

North-West

40.0

32,5

1311

Overseas travel in the past 12 months

1.2

48

Non-UK residents

Antibiotics in the past 6 months

0.128

100.0

56.2

1801
2814

2205
1192
1012

any

0.998

40.0

29.9

one course

0.228

60.0
100.0
100.0

2994 26.2

1376

more than one course

2630 67.7 0.287
3295

Risk factors excluding antibiotics

0.683

83.1

711

Any risk factor

9P values <0.05 are shown in bold text.

®As defined by the PHE Toolkit.2
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Table 4. Standard of care screens, and isolation (n=4441)

Number of approached  Patients in isolation Standard of care

Risk factors patients with risk factor [n (%)] screening [n (%)]1°

Number of patient with at least one risk factor (out of all approached patients) 2865 178 (6.2) 389 (13.6)
as defined by the PHE Toolkit®

Non-UK residents 57 3(5.3) 4 (7.0)

Overseas travel in the past 12 months 1455 71 (4.9) 151 (10.4)

Overnight hospital stay in the past 12 months
GSTT 1381 112 (8.1) 330 (23.9)
within M25 1644 129 (7.8) 377 (22.9)
North-West 8 1(12.5) 2 (25.0)
any UK hospital (including London) 1862 142 (7.6) 443 (23.8)
overseas hospital (CRE risk countries) 21 2 (9.5 11 (52.4)
overseas hospital (any country) 45 7 (15.6) 13 (28.9)

AWithin the first 48 h of admission.

a modified Ct cut-off of <35 to identify a PCR-positive sample
using Check-Direct,'®?° then 74 of the 76 would become
PCR-negative, and carbapenemase genes would be detected in
samples from all four patients that were detected using the man-
ufacturer’s recommended cut-off.

The prevalence of risk factors for the 4441 patients who
answered a risk factor questionnaire is summarized in Table 2.
41.9% of patients had an overnight stay in a UK hospital in the
12 months prior to their admission; 31.1% were re-admissions
from our hospitals and 37.0% were from within the Greater
London area. Only 1.0% of patients had an overnight stay in an
overseas hospital in the 12 months prior to their admission, and
1.3% were overseas residents. 54.1% of admissions had taken
antibiotics in the last 6 months, and 24.9% had taken more
than one course. 64.5% of admissions had at least one risk factor.

Despite the small number of culture-positive cases (n=5), hos-
pitalization abroad was significantly associated with CPE carriage
(Table 3). Hospitalization abroad was not significantly associated
with patients who were PCR positive/culture negative (Table S2).

Only 13.6% of 2865 patients with risk factors defined in the
PHE Toolkit were screened and 6.2% were isolated in single
rooms by the clinical services during the first 48 h of admission
(Table 4). Thirteen of 45 patients (28.9%) who had been hospita-
lized overseas in the 12 months before their admission were
screened within 48 h of their admission through the clinical ser-
vices, but only 15.6% were in single rooms.

Patients who participated in the study were significantly older
(median 58 versus 52 years), and more likely to be elective
rather than non-elective admissions (45.1% versus 25.5%),
but there were no significant differences in gender or ethnic
group (Table S3). The difference in age and admission method
probably reflects the way that patients were recruited, with
older patients admitted via elective pathways likely to stay longer
on inpatient wards.

Discussion

This study identified an extremely low prevalence of CPE carriage
in an unselected cohort of patients at the time of hospital

admission [5/4006 admissions (0.1%) who submitted a rectal
swab] and no non-Enterobacteriaceae CPOs. There was therefore
no hidden burden of CPE in this low-prevalence setting where only
sporadic cases are identified by routine clinical sampling, despite a
high level of risk factors frequently associated with CPE carriage.
This is comparable to screening studies that targeted high-risk
patients in low-prevalence settings at another London hospital
(0.3%)*° and in Seoul, South Korea (0.3%).2> In contrast, screen-
ing studies in CPE endemic settings have identified a much higher
level. For example, a study in New York found 5% of admissions to
a range of wards carried CPE,** and an even higher proportion of
carriers was identified in patients attending a military hospital in
Pakistan (18%)?° and post-acute care hospitals in Chicago,
USA (30%).%¢

An important focus of the study was to compare PCR with
culture-based detection of CPOs. PCR can offer more rapid
turnaround time, if logistics and laboratory processes are opti-
mized, but is more expensive on a per-test basis and does not pro-
vide data on organism identity and phenotypic susceptibility.
Furthermore, it requires modification to detect newly emerging
carbapenemase genes or potential genetic mutations. The sensi-
tivity of PCR direct from rectal swabs for the detection of CPE has
been 100% in most published studies.*®?%27 However, in our
study, Check-Direct missed a CPE-colonized patient (Citrobacter
freundii OXA-48) and both Check-Direct and GeneXpert correctly
identified an NDM, but failed to identify an OXA-48 CPE in the
same specimen, which is concerning.

We found that a further 76 patients were positive by a
Check-Direct PCR at the time of sample collection, but no
CPO could be cultured despite sensitive enrichment culture.
Curiously, when we re-tested the same specimens 1-2 months
later, all but two of these had reverted to negative and these
two samples were also PCR-positive by the GeneXpert system.
Whilst it is possible that sample degradation, laboratory error or
faulty reagents explain the initial positive result and subsequent
negative results on Check-Direct, other studies suggest that a
modified lower Ct value may be more suitable for this system.
Lau et al.'® found that only 7 of 43 positive samples that tested
positive by Check-Direct could be cultured, and all culture-positive
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samples had a Ct value of <35. Similarly, Huang et al.?° found that
38/394 patients tested positive by Check-Direct but only 17 CPE
were cultured. In this study, 5/21 “false positives’ had grown a pre-
vious CPO and 6/9 OXA-48 PCR-positive/culture-negative speci-
mens were from a centre that had experienced a recent
outbreak of OXA-48 CPE. These samples had a Ct value of <35,
whereas the other ‘false positives’ had a Ct value of >35. An
in vitro study of a panel of organisms found a high rate of false
positivity from the Check-Direct assay when using the manufac-
turer’s recommended Ct value, which was eliminated when a
modified Ct value of <31 was applied.?” The limit of detection of
Check-Direct has been found to be broadly comparable to culture
through in vitro serial dilution studies.'®® Importantly, we did not
identify any of the risk factors associated with culture-positive spe-
cimens for these PCR-positive/culture-negative samples (Table S2).
Whilst we cannot rule out the possibility that the PCR assay was
more sensitive than culture for detecting CPE, the combined
laboratory and epidemiological evidence supports recommending
a modified Ct value of <35 to reduce the rate of ‘false posi-
tives’.???% Further laboratory and epidemiological evidence is
required to make a firm conclusion of interpreting PCR-positive
results with a high Ct value using this molecular assay.

Hospitals need to develop polices to detect carriers in order
to guide infection control measures to prevent transmission.
Although outbreaks and increasing endemic levels are reported
in some hospitals in the UK and in many parts of the
world, most are currently likely to have low admission preva-
lence.®#232% The number of cases of CPE identified in our
study (five) was very low, but we were able to establish that over-
seas hospitalization was a significant risk factor for CPE, which has
been found in other studies.™® However, if this study had been per-
formed in a region of the UK where CPE was endemic, such as in
parts of the north-west,*® then the rate of carriage in patients
without overseas healthcare contact would be expected to be
higher. Thus, all organizations need policies that are proportion-
ate, effective and achievable and the ability to adapt to epidemio-
logical changes. In our setting, the very low carriage rate
questions the value of screening a large group of patients for
CPE, particularly using PCR, which is more expensive than culture
on a per-test basis.!® We therefore suggest, based on evidence
from this large universal screening study, that targeting patients
with recent overseas hospitalization is the most important group
for screening in organizations currently only identifying isolated
sporadic cases. However, it is also vital to remain vigilant for any
changes in local or national epidemiology. Furthermore, detailed
cost-effectiveness analyses are required using data from a range
of prevalence estimates.

Our study highlighted a number of important practical chal-
lenges. Although the hospital had introduced risk-factor-based
screening in line with the PHE Toolkit recommendations, we found
this would have required pre-emptive isolation of 64% of patients,
and only 13% of these were screened and 6% placed in pre-emptive
isolation. We also identified a number of key issues from a laboratory
perspective. Although some guidelines recommend that swabs
should be faecally stained,®*? we found that all of our CPE culture-
positive specimens were not faecally stained. Finally, the standard
method used by the laboratory at the time of the study identified
only one of the CPE, which is of considerable concern.

Our study has a number of important strengths. While most
published CPE screening studies focus on selected ‘high-risk’

patient groups, we screened and collected risk factor data from
all patients admitted to hospital from a diverse multiracial com-
munity that has a high level of risk factors with the potential for a
hidden burden of CPE carriage. We also evaluated culture-based
and PCR methods to detect CPO in parallel. However, limitations
include the very low rate of carriage, which limited the value of
our planned risk factor analysis. Also, the risk factor data that
we collected relied on patients remembering details of previous
healthcare contact and antibiotic use. It is also possible that the
carriage rate was underestimated because we took a single sam-
ple, rather than three 48 h apart as recommended in the PHE
Toolkit.® Although the sample size was unselected and there
were no differences in gender or ethnic group, patients who parti-
cipated in the study were older and more likely to be admitted via
an elective pathway. The carriage rate may have been different in
younger patients admitted through non-elective pathways, but
it seems likely that the carriage would be even lower in this
group, many of whom would lack traditional risk factors for
healthcare-associated multidrug-resistant organisms. Finally,
12% of patients approached did not submit a rectal swab, but
only 20% of these declined because of the need for a rectal
swab. Furthermore, there was no significant difference in ethnic
group between those patients who submitted rectal swab and
those who did not. This suggests that widespread rectal admis-
sion screening is practically feasible, and is unlikely to provide
skewed data due to patients from certain ethnic groups being
more likely to decline to provide a rectal swab.

Conclusions

CPE is an emerging threat to healthcare systems worldwide. Our
analysis of laboratory methods suggests that chromogenic
media are more useful than non-chromogenic media for detect-
ing CPE. Whilst PCR may provide a faster turnaround time, the cri-
teria for defining a positive specimen needs to be reviewed and
PCR may not be cost effective in a low-prevalence setting.
Implementing current UK guidelines would require screening
and isolation of around 40% of admissions, which may not be
feasible. We identified an extremely low rate of CPE carriage at
the time of hospital admission, with overseas hospitalization
the only significant risk factor. Therefore, the value of screening
a large group of patients aside from those hospitalized overseas
is questionable locally, but may be justified in regions of higher
prevalence.
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