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SUMMARY

Background: Carbapenemase-producing Enterobacteriaceae (C&apa&merging infection
control problem in hospitals worldwide. Identifyiegrriers may help reduce potential spread
and infections.

Aim: To assess whether testing hospital wastewaterPé&r €an supplement patient-based
screening for infection prevention purposes in spital without a recognized endemic CPE
problem.

Methods: Wastewater collected from hospital pipework on téasions during
FebruaryMarch 2014 was screened for CPE using chrdffMBRBA agar and chrom(®
CPS agar with a 10 pg ertapenem disc and combmdise testing. Minimum inhibitory

concentrations were determined using British Sgdmt Antimicrobial Chemotherapy



methodology and carbapenemase genes detectedymgarake chain reaction or whole-
genome sequencing. Selected isolates were typpdlbgd-field gel electrophoresis.
Findings: Suspected CPE were recovered from all 16 wastewataples. Of 17 isolates sent
to the Antimicrobial Resistance and Healthcare Bsded Infections Reference Unit, six
(four Citrobacter freundii and twoEnterobacter cloacae complex) were New Delhi metallo-
B-lactamase (NDM) producers and the remaining X Kkgbsiella oxytoca and five
Enterobacter cloacae complex) were Guiana-Extended-Spectrum-5 (GES<&juyxers, the
first to be described among Enterobacteriacedee®JK. The four NDM-producing.
freundii, two NDM-producinge. cloacae complex, and four out of five GES-5-produciag
cloacae complex were each indistinguishable isolates efstlime three strains, whereas the
six GES-5-producing(. oxytoca overall shared 79% similarity.
Conclusion: CPE are readily isolated from hospital wastewaséng simple culture methods.
There are either undetected carriers of CPE exgratio the wastewater, or these CPE
represent colonization of the pipework from othmurses. Surveillance of hospital
wastewater for CPE does not appear helpful forctida control purposes within acute
hospitals.
Keywords:
Guiana-Extended-Spectrum-5 (GES-5)
Metallof-lactamase
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Surveillance
Introduction

The emergence of carbapenemase-producing Enteeoiaaeiae (CPE) is a concern
for hospitals worldwidé:? Isolation of an organism that exhibits carbapenesistance from
an infected site may require the use of less efieentibiotics and poses an infection control
risk to other patients. Patients who are asymptonfecal carriers of these organisms also
pose an infection control riskin most UK hospitals, CPE are only isolated spicaily,
most often from patients who have recently recelvealthcare in countries where CPE have
become endemic. However, a few UK hospitals, motdbiy in the north-west of England,
have had endemic CPEs for several years, which matvieeen eradicated despite strenuous
screening and isolation programnidsational guidance has been issued by Public Health
England (PHE) to reduce the risk of further spr@duds advice rejects screening all
admissions for the presence of CPE as this woultbbly and time-consuming, and
recommends that ‘high-risk’ patients, includingsbavith a history of foreign travel and
those transferred from hospital units with a knd®E problem, should be screeried.



Confirmation that this selective approach is adé&guraany single hospital would require a
prolonged period of comprehensive screening, ttuca@ny cases missed by risk factor-
based screening. Testing hospital wastewater éoptbsence of CPE offers a potential
alternative approach, based on the assumptiorcdnaérs would excrete CPE into the
hospital wastewater and that CPE would be presentlatectable level there with isolates not
dissimilar to those from patients. Potentially ttmethod could provide hospital infection
control teams with assurance that a latent end@RIE problem is not present if testing were
negative, and do so at much lower cost than ura¥srseening of all admissions.

In this study, samples of wastewater collected evevo-month period from a single
UK hospital, without a known endemic CPE problemravscreened for CPE in order to
determine whether there was an unrecognized CPEemee within the hospital.
Methods
Sudy setting

The study was conducted at Royal Preston Hospité9-bed hospital in north-west
England offering secondary care to an immediateifadjon of ~140,000 and a range of
tertiary care services to the population of Lanzraséind South Lakeland, ~1.5 millién.
There is substantial ethnic diversity within thécbanent, with ~13% of the local population
having family ties with the Indian subcontinéince May 2011 there has been a screening
programme to detect carriage of CPE, with rectalmsnacollected in all patients with a history
of hospitalization overseas or within a healthdacdity in the UK with CPE problems.
Patients who have had contact with a confirmed,a@seho have previously been infected or
colonized, are also screened. The programme wagegbch line with PHE guidance issued
in 2013° The hospital has comprehensive antibiotic guidahaeimposes tight restrictions
on the use of carbapenems and fluroquinoloneslimitd cephalosporin use.
Sample collection and processing

Wastewater samples were collected twice a weekgudebruary and March 2014,
producing a total of 16 samples. Sampling wasitat#ld by the introduction of a tap into the
wastewater pipework in the basement directly béntest wards. The wastewater sampled
was from operating theatres, critical care unigdiatrics, orthopaedics, cardiac ward, cardiac
catheter laboratory, oncology, and a staff toiletk. The wastewater had not undergone any
treatment prior to the sampling point. The firs@X0L was run off and discarded to reduce
risk of cross-contamination between samples. Fifiigrolitres of each sample were
inoculated on to chromf®CARBA agar and chromI®CPS agar (both bioMérieux,
Basingstoke, UK) plus a 1@y ertapenem disc (Mast Group Ltd, Bootle, UK). Grds were
incubated for 1824 h at 3537°C.



I'solate identification

Blue, green, or pink colonies growing withi@7 mm of the ertapenem disc on the
chromID CPS agar or on the chromID CARBA agar weesumed to be CPE isolates. All
presumptive CPE colonies from both media were @rtimalysed. Oxidase-negative, Gram-
negative isolates were subcultured from both medito cysteine lactose electrolyte-deficient
(CLED) agar (E&O Laboratories Ltd, Bonnybridge, U&)d incubated at 387°C for
18-24 h. Bacterial identification was determined bytnmaassisted laser
desorptiorionization mass spectrometry (MALDI-TOF MS; Bruk2altonik GmbH,
Bremen, Germany) as previously describésblates from the Enterobacteriaceae family
were further characterized to determine carbapesemaduction.
Antibiotic susceptibility determination

Isolates were tested for resistance to meropenener@apenem using the British
Society for Antimicrobial Chemotherapy (BSAC) ddiffusion method and zone sizes
interpreted using BSAC guidelinBssolates were also screened for synergy between
meropenem and dipicolinic acid [for presumptivenitafecation of metallop-lactamases
(MBLSs)], phenylboronic acidK{lebsiella pneumoniae carbapenemase (KPC)] and
phenylboronic acid and cloxacillin (AmpC) using tkBC/MBL and OXA-48 confirmation
kit (Bioconnections, Knypersley, UK). The first isdlates recovered in the study were
referred to Public Health England’s Antimicrobia¢$tstance and Healthcare Associated
Infections (AMRHAI) Reference Unit as they showedistance to ertapenem and
meropenem with unclear but presumptive carbapereprasiuction using the methods
described above. Additional carbapenem-resistaygrosms were recovered as the study
continued; however, only those that were presuraftidentified as MBL producers were
referred (due to limited resources) to AMRHAI irder to confirm the resistance mechanism.
Therefore, 17 isolates were referred and minimumbitory concentrations (MICs) were
determined by BSAC agar dilution using AMRHAI's stkard Gram-negative antibiotic
panel, including ertapenem, meropenem and imipdtizenatter tested with/without
320 mg/L EDTA to detect likely MBL producers). Mi@sere interpreted using BSAC
breakpoints where available. Isolates were alsees@d for carbapenemase activity using the
Rosco Rapid Carb test (Bioconnections) and the fieddHodge test.
Molecular detection of carbapenemases

In-house polymerase chain reaction (PCR) was wsedreen for class A (KPC and
IMI), class B (NDM, IMP, VIM, GIM, SIM, SPM), andlass D (OXA-48-like)
carbapenemase gerie§ Whole-genome sequencing (WGS) of three isolatéls wi
unexplained carbapenem resistance was performaed adliSeq sequencer (lllumina, Little
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Chesterford, UK) and data were analysed usingdnouse bioinformatics pipeline.
Resistance genes were identified in WGS data bypmgpeads against a library of known
resistance genes curated in-house and assembiegérolicly accessible databagés.
Typing

The 17 isolates submitted to the reference laboratere typed by pulsed-field gel
electrophoresis ofbal-digested genomic DNA. Gel images were analysebcampared
using Bionumerics software, version 6.1 (Appliedtha Sint-Martins-Latem, Belgium).
Results

Suspected CPE isolates were recovered from alladiewater samples. The 55
colonies recovered (35 from chromID CARBA agar @ddrom chromID CPS agar +
ertapenem disc) included Klebsiella oxytoca, 21 Enterobacter cloacae complex, nine
Citrobacter freundii, threeCitrobacter braakii, and oneCitrobacter youngae. BSAC disc
diffusion determined that all 55 were intermediateesistant to meropenem or ertapenem.
Combination disc testing identified 16 presump#iC producers, six presumptive MBL
producers, and seven isolates gave indeterminsiétseCarbapenemase activity was not
detected in the 26 isolates as determined by teepretation of the combination discs. In
total, 17 suspected CPE (as described earlier) seareto AMRHAI for further
characterization.

Minimum inhibitory concentrations are shown in Tabl All isolates were resistant to
the three carbapenems tested (ertapenem MB8G8g/L; meropenem and imipenem MICs
>32 mg/L). At least eight-fold synergy between inmipen and EDTA was noted for six
isolates (fourC. freundii and twoE. cloacae complex), all of which had been identified as
presumptive MBL-producing isolates by the KPC/MBidaDXA-48 confirmation kit, and
blaxom genes were detected by PCR in these isolates. @ yithese isolates showed that
both the twdE. cloacae complex and fou€. freundii isolates were each genetically
indistinguishable within each group (data not shpwn

The remaining siX. oxytoca isolates (four presumptively identified as KPC-
producers and two as AmpC producers) andHBveoacae complex isolates (three
presumptively identified as KPC producers, and itwevhich no carbapenemase activity was
detected) were highly carbapenem-resistant (ereapevilCs>=8 mg/L, meropenem;
imipenem MICs>32 mg/L) with no significant imipenem/EDTA syner@lable I). However,
these 11 isolates were negative using in-housaparnemase PCRs, and no carbapenemase
activity was detected using the Rosco Rapid Cataiemodified Hodge test. Whole-genome
sequencing of three of these isolates identifiedntbn-metallo-carbapenemdsaces.s

which was subsequently identified through PCR atgiencing in the remaining eight



isolates. Typing of the siK. oxytoca isolates showed that they had similar but nottidah
profiles, sharing 79% genetic similarity. Four bétfiveE. cloacae isolates were
representatives of a single strain, whereas thtiehidd a distinct pattern (Table 1).
Discussion

Carbapenem-resistant organisms were readily detecthe wastewater of the
hospital. This was unexpected as only a small nurmbeonfirmed CPE had been detected
between 2010 and 2014 from screening (430 scremasglinical isolates within the hospital
(six KPC, one NDM, and four OXA-48-like CPE sind@l®; AMRHAI, unpublished data).
The absence of KPC-producing organisms in the wadér was also surprising given their
relatively high incidence in north-west Englarid&PC-producing Enterobacteriaceae form
the majority of the carbapenemase-producing orgaieferred to PHE, with ~75% of KPC
producers coming from clinical or screening speaisn@ken from hospitals in north-west
England>%*’

Local circumstances may affect the presence of @RIEe wastewater. Overuse of
carbapenems may promote the recovery of CPE. Cqutsamof carbapenem antibiotics in
2013 within this hospital was 10.9 defined dailye® (DDD) per 100 admissions per day
compared with 8.0 DDD per 100 admissions per daffmland'® Most carbapenem
prescriptions require infection specialist approwath only a few indications (e.g. post-
neurosurgical meningitis) bypassing this strictime2011, 13.7% of the local population had
connections with the Indian subcontinent and tleeeefnay have travelled frequently to areas
with endemic CPE and become colonized. Howevey, 5% of admissions with recorded
ethnicity data are within this grodp.

This study has several limitations. The samplimgdew covered only two months.
However, consistent recovery of CPE from all sasgleggests that this is an ongoing
problem, and, from a sample collected in March 2@&Bbapenem-resistant organisms of the
same species were isolated. The method used extahd test the wastewater is not formally
recognized, as this involves filtration. The airmwever, was to produce a simple and
inexpensive method, so that any hospital’s infecpcevention team could realistically
request monitoring of the wastewater for the presai CPE. The small sample volume may
reduce CPE but each sample recovered carbapeneatanésrganisms, indicating not only
success but also potential underestimation. A éuriimitation is that only 17 out of 55
isolates were sent to AMRHAI for confirmatory testi The remaining 38 isolates yielded
varied results (extended-spectrraactamase, KPC, AmpC, or undetermined) using the
ROSCO discs, similar to those seen in 11 GES-Zipessolates referred. We cannot
confirm that these are further isolates of the sarganisms; however, this seems likely given
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their consistent detection in earlier samples,taecsimilar range of species and resistance
profiles found.

There have been several studies indicating thanhtld CARBA agar is highly
sensitive for the detection of CPE. Pegryl. determined 100% sensitivity and 93%
specificity for a prototype of the CARBA agar; howee, this was only for detection of NDM-
1 carbapenemase producers whereas Veaali showed 92.4% sensitivity and 96.9%
specificity for a prototype CARBA agat?’ A more recent study in Greece determined a
sensitivity of 96.5% and specificity of 91.2% (befdsram staining) and 100% (after Gram
staining) for the final chromID CARBA product, irditing that this is a good choice for a
screening methot!. Unfortunately the chromID CARBA plate has beerorégd to not
reliably detect OXA-48-like producers, which mayretate with the zero recovery in this
study?® Whereas OXA-48-like carbapenemases are becomimeg widespread in the UK,
until 2012 they were identified less frequentlyrthéPC, NDM, and VIM carbapenemas@s.
Agar plates allowing more sensitive detection ofA3X8-like carbapenemases are now
available and may need to be considered in futudies®*2°

A total of 55 isolates were recovered across hpses over a two-month time period.
It is possible that isolates were counted twicerdfeing detected on both media. A biofilm
may have built up in the tap with the repeat isdatcovered from here rather than a
continuing presence in the wastewater itself. Toimize this, a 100 mL run-off was
performed and discarded before sampling. In fustmeies a tap-cleaning brush could be used
to reduce any physical build-up. However, the afrthis study was to determine whether
carbapenem-resistant organisms could be idenufsaay this method and whether CPE were
present (rather than how many were present), whitds succeeded in doing. The protocol
allows scope for further investigation using movaugitative methods to determine the extent
of the presence of carbapenem-resistant organistnswur hospital.

The presence of GES-5-producing Enterobacteriaoghe wastewater did not
equate, in this hospital, with a clinical problegmmilarly, although NDM producers were
recovered from the hospital wastewater, the ontiepaisolate with an NDM carbapenemase
detected at the hospital’s laboratory had beknmneumoniae isolated from a community
urine specimen in 2010. We therefore found no liekween isolates causing colonization or
infection of inpatients and those present in waatew However, since screening is limited to
those patients with risk factors, in accordancé wirrent PHE guidance, the possibility that
unidentified carriers within the hospital may beeaervoir for GES-5 and NDM-1

carbapenemase-producing organisms cannot be desmiss



The typing results indicated that the same stramre recovered on several occasions
over the two-month time period: the six NDM-positigolates o€C. freundii and the twde.
cloacae complex isolates represented just two strainadbtition, four out of fiveE. cloacae
GES-5-producing isolates were indistinguishables Baggests that these particular strains
may be persisting in the wastewater environmeherahan having been excreted repeatedly
by patients, and may not be of clinical significanBrior to this study, GES-5-positive
Enterobacteriaceae had not been described in thd&Ebt€robacteriaceae producing the GES-
5 carbapenemase have been isolated from cliniegirsgens in Korea and Southern
Brazil °*" Wastewater is a potential habitat for the horiabtransfer of resistance genes, and
the presumptive presence of excreted antimicrolriais patients into the wastewater allows
for the selection of resistant bacteffadospital wastewater is not routinely tested folEC8o
the prevalence of GES-5 or other carbapenemasexcteria from this source is unknown.
Manageiroet al. found GES-5-producinkf. pneumoniae in water streams in Portugal,
highlighting aquatic environments as a potentiaéreoir for resistance mechanisfiis.

This study also highlights the uncertainty as t@thler GES-5-producing isolates can
be reliably confirmed using the phenotypic methasisd to confirm suspected CPE. As noted
in this and previous studies, GES carbapenemasgsiobde reliably detected by
colorimetric tests such as the Rosco Rapid Carlsante CarbaNP tests, and selected
isolates from this study were negative in the miediHodge test® The identification of GES
carbapenemase activity is not covered specifigallgombination disc tests, although seven
out of 11 were flagged as KPC producers, so woaltllther investigated. KPC and GES-5
are class A carbapenemases and thus both aretathily phenylboronic acid. All isolates
were, however, highly resistant to carbapenemslamsiwould warrant sending to a reference
laboratory, even if local testing failed to showlmgpenemase production. Although there is
potential for underdetection of GES-5, AMRHAI haglmo previous isolates of
Enterobacteriaceae from UK laboratories with gasbapenem resistance in the absence of
one of the more widespread carbapenemase genes (R NDM, VIM, IMP).

In conclusion, a simple culture method was abliedtate CPE from hospital
wastewater. However, there appears to be littleetation between the carbapenemases found
and the hospital’s experience of CPE-positive samfsfom patients. This suggests that the
isolates may be adapted to the environment andstensly present within the pipework.
Whereas comprehensive screening of both patientstaff would be needed to accurately
describe the correlation between human isolatepeasence of CPE in wastewater, the
possible presence of CPEs of environmental origuerely limits the role of this approach
for CPE surveillance at a hospital level.
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Tablel

Susceptibility patterns and genes identified fer 17 isolates referred to the Antimicrobial Resiseaand Healthcare Associated Infections
Reference Unit, UK

Isolate sample date (all 2014)
Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Feb Mar Mar
3rd 6th 6th 10th 10th 10th 10th 14th 14th 17th 17th 20th 20th 27th 18th 18th 24th

Bacterial ID KOX ECL KOX ECL ECL ECL CFR KOX ECL KOX KOX KOX ECLO CFR ECL CFR CFR

O @) @) @) @) O
CarbapenemasGES- GES- GES- NDM GES- GES- NDM GES- GES- GES- GES- GES- GES- ND ND NDM NDM
e 5 5 5 5 5 5 5 5 5 5 5 M M
PFGE profile P1K P1EB P1K P1EB P1EB P1EB P1CB P1K P1EB P1K P1KL P1K Uniqu P1C P1E P1CB P1CB
L-1 -3 L-17 -2 -3 -3 -1 L-1 -3 L-1 -1 L-1" e B-1 B2 -1 -1
ATM 8 8 8 16 8 16 0.5 025 4 8 8 8 >64 <01 1 0.25 0.25
25
CTX-CLOX 16 0.5 32 64 1 32 256 1 025 32 32 32 64 562 128 256 256
CTX 64 4 64 >256 32 128 256 2 4 128 128 64 64 25628 1 256 256
CTX-CLA 2 8 2 >32 >32 16 >32 2 16 2 2 2 8 >32 >32 32> >32
CAZ 16 16 16 >256 64 32 >256 4 8 16 16 16 256 >25@56 >256 >256
CAZ-CLA 8 8 16 >32 8 8 >32 2 16 16 8 8 8 >32 >32 2>3 >32
FEP 16 025 32 32 1 16 64 0.5 025 32 32 16 16 644 6>64 64
FEP-CLA 1 025 2 >32 1 0.5 >32 0.5 025 1 1 1 1 >3232 >32 >32
IPM-EDTA >16 16 >16 2 >16 >16 1 >16 >16 >16 >16 >16>16 1 2 1 1

IPM 128 32 128 32 64 64 64 128 64 128 128 128 1284 6 32 64 64
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MEM >32 32 >32 32 >32 32 32 >32 32 >32 >32 >32 >32>32 >32 >32 >32

ETP >16 8 >16 >16 >16 >16 >16 >16 >16 >16 >16 >1616 > >16 >16 >16 >16
COL <05 2 <05 >32 >32 16 <05 <05 <05 <05 <05 <05 <05 <05 =>32 1 1
AMK 4 2 4 1 4 4 2 4 4 8 8 4 2 2 2 2 2
GEN >32 >332 >32 1 >32 >332 >32 >32 >32 >32 >32 >3232> >32 05 >32 >32

KOX, Klebsiella oxytoca; ECLO, Enterobacter cloacae complex; CFRCitrobacter freundii; NDM, New Delhi metalloB-lactamase; PFGE,
pulsed-field gel electrophoresis; ATM, aztreonamXa8CLOX, cefotaxime/cloxacillin (100 mg/L); CTX, éataxime; CTX-CLA,
cefotaxime/clavulanate (4 mg/L); CAZ, ceftazidingAZ-CLA, ceftazidime/clavulanate; FEP, cefepimeF-ELA, cefepime/clavulanate; IPM-
EDTA, imipenem/EDTA (320 mg/L); IPM, imipenem; MEMjeropenem; ETP, ertapenem; COL, colistin; AMK, lkeamin; GEN, gentamicin.
P1KL-1, P1KL-1 and P1KL-Z1, shared 79% genetic similarity.
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