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UK SMI#: Scope and Purpose
Users of SMIs
Primarily, SMIs are intended as a general resource for practising professionals
operating in the field of laboratory medicine and infection specialties in the UK. SMIs
also provide clinicians with information about the available test repertoire and the
standard of laboratory services they should expect for the investigation of infection in
their patients, as well as providing information that aids the electronic ordering of
appropriate tests. The documents also provide commissioners of healthcare services
with the appropriateness and standard of microbiology investigations they should be
seeking as part of the clinical and public health care package for their population.

Background to SMIs
SMIs comprise a collection of recommended algorithms and procedures covering all
stages of the investigative process in microbiology from the pre-analytical (clinical
syndrome) stage to the analytical (laboratory testing) and post analytical (result
interpretation and reporting) stages. Syndromic algorithms are supported by more
detailed documents containing advice on the investigation of specific diseases and
infections. Guidance notes cover the clinical background, differential diagnosis, and
appropriate investigation of particular clinical conditions. Quality guidance notes
describe laboratory processes which underpin quality, for example assay validation.
Standardisation of the diagnostic process through the application of SMIs helps to
assure the equivalence of investigation strategies in different laboratories across the
UK and is essential for public health surveillance, research and development activities.

Equal Partnership Working
SMIs are developed in equal partnership with PHE, NHS, Royal College of
Pathologists and professional societies. The list of participating societies may be
found at http://www.hpa.org.uk/SMI/Partnerships. Inclusion of a logo in an SMI
indicates participation of the society in equal partnership and support for the objectives
and process of preparing SMIs. Nominees of professional societies are members of
the Steering Committee and Working Groups which develop SMIs. The views of
nominees cannot be rigorously representative of the members of their nominating
organisations nor the corporate views of their organisations. Nominees act as a
conduit for two way reporting and dialogue. Representative views are sought through
the consultation process. SMIs are developed, reviewed and updated through a wide
consultation process.

Quality Assurance
NICE has accredited the process used by the SMI Working Groups to produce SMIs.
The accreditation is applicable to all guidance produced since October 2009. The
process for the development of SMIs is certified to ISO 9001:2008. SMIs represent a
good standard of practice to which all clinical and public health microbiology
laboratories in the UK are expected to work. SMIs are NICE accredited and represent
#

Microbiology is used as a generic term to include the two GMC-recognised specialties of Medical Microbiology (which includes
Bacteriology, Mycology and Parasitology) and Medical Virology.
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neither minimum standards of practice nor the highest level of complex laboratory
investigation possible. In using SMIs, laboratories should take account of local
requirements and undertake additional investigations where appropriate. SMIs help
laboratories to meet accreditation requirements by promoting high quality practices
which are auditable. SMIs also provide a reference point for method development. The
performance of SMIs depends on competent staff and appropriate quality reagents
and equipment. Laboratories should ensure that all commercial and in-house tests
have been validated and shown to be fit for purpose. Laboratories should participate
in external quality assessment schemes and undertake relevant internal quality control
procedures.

Patient and Public Involvement
The SMI Working Groups are committed to patient and public involvement in the
development of SMIs. By involving the public, health professionals, scientists and
voluntary organisations the resulting SMI will be robust and meet the needs of the
user. An opportunity is given to members of the public to contribute to consultations
through our open access website.

Information Governance and Equality
PHE is a Caldicott compliant organisation. It seeks to take every possible precaution
to prevent unauthorised disclosure of patient details and to ensure that patient-related
records are kept under secure conditions. The development of SMIs are subject to
PHE Equality objectives
http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317133470313.
The SMI Working Groups are committed to achieving the equality objectives by
effective consultation with members of the public, partners, stakeholders and
specialist interest groups.

Legal Statement
Whilst every care has been taken in the preparation of SMIs, PHE and any supporting
organisation, shall, to the greatest extent possible under any applicable law, exclude
liability for all losses, costs, claims, damages or expenses arising out of or connected
with the use of an SMI or any information contained therein. If alterations are made to
an SMI, it must be made clear where and by whom such changes have been made.
The evidence base and microbial taxonomy for the SMI is as complete as possible at
the time of issue. Any omissions and new material will be considered at the next
review. These standards can only be superseded by revisions of the standard,
legislative action, or by NICE accredited guidance.
SMIs are Crown copyright which should be acknowledged where appropriate.

Suggested Citation for this Document
Public Health England. (2014). Laboratory Detection and Reporting of Bacteria with
Carbapenem-Hydrolysing β-lactamases (Carbapenemases). UK Standards for
Microbiology Investigations. P 8 Issue 1.1. http://www.hpa.org.uk/SMI/pdf
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Scope of Document
This SMI describes the gives recommendation on the detection of ‘carbapenemases’
(carbapenem-hydrolysing β-lactamases). It should be read in conjunction with any
local documents and the Antimicrobial Resistance and Healthcare Associated
Infections Reference Unit / PHE Guidance, which is available at
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/CarbapenemResistanc
e/GuidanceOnCarbapenamProducers/.
This SMI should be used in conjunction with other SMIs.

Introduction
The term carbapenemase is used to mean any β-lactamase that hydrolyses
carbapenems ie any or all of doripenem, ertapenem, imipenem and meropenem. Of
clinical concern, many carbapenemases confer resistance or reduced susceptibility to
all or nearly all members of the β-lactam class, not just to carbapenems.
Carbapenemases are intrinsic (found naturally) in a few clinical bacteria, such as
Stenotrophomonas maltophilia, Aeromonas sp., and ‘chryseobacteria’, including
Elizabethkingia meningoseptica. Acinetobacter baumannii also has the gene for an
intrinsic carbapenemase (OXA-51-like), but this confers reduced susceptibility or
resistance to carbapenems only when its expression is up-regulated by genetic
reorganisation.
In addition, non-susceptibility or resistance to specific carbapenems is an intrinsic
characteristic of some Gram negative bacteria: most non-fermenters are naturally
resistant to ertapenem (but not to other carbapenems); Serratia sp. and Proteeae
have intrinsically poor susceptibility or low-level resistance to imipenem.
This document focuses on acquired carbapenemases. Accurate identification of
bacteria to genus or species level will allow laboratories to recognise the producers of
intrinsic carbapenemases detailed above.
Acquired carbapenemases are diverse (see http://www.lahey.org/studies) and include
members of three of the four β-lactamase families1-3.
•

Class A enzymes: The most problematic here are the KPC enzymes, which are
now endemic in parts of the USA, Greece, Italy, Israel and China, and are
increasingly encountered elsewhere, including in the UK2-5. Other, lessfrequently-encountered class A carbapenemases include some GES types,
IMI/NMC (in Enterobacter), and SME (in Serratia). Of these, only IMI /NMC has
been detected (and very rarely) in the UK during the last 10 years

•

Class B enzymes: Also known as metallo-β-lactamases (MBLs) or metallocarbapenemases1-3. These differ fundamentally from all other β-lactamases
because they require zinc ions for activity. Consequently they are inactivated by
metal ion chelators, such as EDTA. The major MBL families encountered in the
UK are the NDM, VIM and, less commonly, the IMP types. Other types include
AIM, DIM, GIM, SIM, and SPM enzymes, but these have not yet been detected
in the UK
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•

Class D enzymes: This class comprises many diverse enzymes, few of which
are carbapenemases1-3,6. Important carbapenemases within the family include
OXA-23, -40, -51 and -58 and their variants from Acinetobacter species, OXA48 and related enzymes in Enterobacteriaceae; other rarer carbapenemhydrolysing types include OXA-198 in Pseudomonas species

Many acquired carbapenemases are plasmid-mediated (especially when found in
Enterobacteriaceae), giving potential for spread between strains, species and genera.
Carbapenemases are not the only mechanism of acquired resistance to carbapenems
but are the most important. Other mechanisms include:
•

Enterobacteriaceae with ESBL or AmpC enzymes may lose outer membrane
porins (through mutations or other disruptions in chromosomal genes), reducing
carbapenem uptake7. In contrast to carbapenemases, these combinatorial
mechanisms of carbapenem resistance are not transferable between strains
(though the contributing ESBL might be) and the porin-deficient mutants may
have reduced fitness and be less likely to spread in healthcare settings. This
mechanism is seen most often in Enterobacter sp. and Klebsiella spp., but also
occurs in E. coli and other genera. It most markedly affects ertapenem; isolates
may remain susceptible to other carbapenems, but often show some degree of
reduced susceptibility or resistance, with the level contingent upon the amount
of ESBL / AmpC activity and the precise nature of the porin lesion(s)

•

P. aeruginosa, by far the commonest mode of carbapenem resistance is loss of
OprD porin, and isolates only resistant to imipenem, but not other β-lactams are
certain to have this mechanism. Meropenem, though not imipenem, is also
affected by upregulated efflux in P. aeruginosa

•

Non-carbapenemase mechanisms have been claimed in Acinetobacter, but
may reflect failure to detect weak OXA carbapenemases, rather than their
absence

Carbapenemases are clinically important because they destroy and so may confer
resistance to carbapenems (and usually most other β-lactams). Delayed recognition
and inappropriate treatment of severe infections caused by carbapenemase producers
is associated with increased mortality8. Many producers are multi-resistant to non-βlactam antibiotics including quinolones and aminoglycosides.
A simple ‘Carbapenemase: Yes or No’ result is sufficient for most diagnostic
laboratories and infection prevention and control teams, with positive isolates referred
for further investigation. All carbapenems are substrates for all carbapenemases, but
resistance is often low level, complicating detection and interpretation.
The ranges of carbapenem MICs for Enterobacteriaceae producing each of the ‘big
five’ carbapenemases (KPC, OXA-48, IMP, NDM and VIM) span from below the
susceptible breakpoints to high-level resistance and, when combined with the diversity
of carbapenemase types, this means that few, if any, strategies reliably detect all
carbapenemase producers. Nevertheless, the MICs of carbapenems for most
carbapenemase-producing bacteria will be above the epidemiological cut-off (ECOFF)
values defined by EUCAST even if some isolates are not clinically resistant (ie MICs
remain equal to or below the clinical breakpoints). ECOFFs mark the limit of the wildtype population by a statistical definition, and isolates with higher MICs/lower zone
diameters represent non-wild-type isolates.
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When seeking carbapenemases, clinical laboratories should have a high index of
suspicion and be alert to two confounders:
(i) not all carbapenem-resistant isolates produce a carbapenemase
(resistance can be mediated by other mechanisms, such as the combination
of ESBL/AmpC plus impermeability, as above),
(ii) not all carbapenemase producers are resistant to carbapenems.
The level (or lack) of carbapenem resistance displayed by some carbapenemase
producers is a genuine cause for concern. Higher MICs are observed when producers
also lack major porins, but this indicates potential for carbapenemase genes to spread
undetected among normally-permeable strains. This concern is greatest with OXA-48like enzymes in Enterobacteriaceae, which can give very low level carbapenem
resistance, without cross-resistance to cephalosporins. KPC enzymes and MBLs tend
to confer broader effects on the resistance profile of the host strain.
Concerns about carbapenemases mean that all clinically-significant Gram negative
bacteria should be screened routinely for susceptibility to at least one carbapenem.
Although ertapenem is the most sensitive indicator of likely carbapenemase
production, it is also the analogue most affected by porin-mediated mechanisms and
so is the least specific; it is also inappropriate for use with non-fermenters.

1 Overview of the Strategy for Recognizing
Potential Carbapenemase Producers
•

The aims are: (i) to recognize all carbapenemase producers effectively; and (ii)
to distinguish them from isolates that are resistant to carbapenems by virtue of
other mechanisms

•

In the face of the diversity of enzyme types, the considerable variation in levels
of phenotypic carbapenem resistance (eg in MIC evaluations), and the added
complexity of non-carbapenemase-mediated carbapenem resistance, there is
no universally applicable method able to realize these aims

•

The ideal indicator carbapenem is one to which all carbapenemases confer
resistance, even when production is scanty. No single carbapenem satisfies
this criterion for all host species (Enterobacteriaceae and non-fermenters)

•

This SMI seeks to document current opinion and best options available,
however imperfect. The strongest advice is for laboratory staff to have a
high index of suspicion when observing reduced carbapenem susceptibility or
resistance

•

As a general principle, frontline diagnostic methods must have high sensitivity
(ability to detect carbapenem resistance), even at the expense of specificity
(ability to distinguish true carbapenemase producers)

•

Recognition of carbapenem resistance should be followed up with
supplemental tests (see 3.2 and 3.3), locally or in a specialist or reference
laboratory (eg PHE – AMRHAI – Colindale)

UK Protocols | P 8 | Issue no: 1.1 | Issue date: 08.05.14 | Page: 9 of 25
UK Standards for Microbiology Investigations | Issued by the Standards Unit, Public Health England

Laboratory Detection and Reporting of Bacteria with Carbapenem-Hydrolysing β-lactamases
(Carbapenemases)
Figure 1. The problem with spotting the carbapenemase producers

1.1

Enterobacteriaceae

•

Test a carbapenem against all clinically-significant isolates. Ertapenem has the
best sensitivity among the available analogues, but poor specificity for
carbapenemase producers. Meropenem and imipenem may have better
specificity, but reduced sensitivity

•

Do carbapenemase confirmatory tests (below) on isolates found resistant to the
indicator carbapenem

•

Identification to genus/species level is highly desirable for the interpretation of
resistance patterns. Identify all isolates found resistant to the indicator
carbapenem

•

Consider whether the isolate should be submitted to the reference laboratory
(section 5)

1.2

Non-fermenters

•

Acquired carbapenemases are also encountered in Acinetobacter sp,
Pseudomonas sp (most commonly, though not exclusively in P. aeruginosa)
and in other non-fermenters1-3,6

•

Test imipenem, meropenem or doripenem against all clinically-significant
isolates. Do not use ertapenem because these species are intrinsically resistant
to this carbapenem

•

Decide whether supplemental tests are needed (see 1.2.1 and 1.2.2 below)

•

Identification to genus/species level is highly desirable for the interpretation of
resistance patterns. Identify at least to genus level all isolates found resistant to
any of these indicator carbapenems, and to species level if the genus is not
known to produce an intrinsic carbapenemase

•

Consider whether the isolate should be submitted to the reference laboratory
(section 5)
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1.2.1 Acinetobacter species
•

Carbapenem resistance in Acinetobacter sp. most often results from the
production of one or more OXA-type carbapenemases (eg OXA-23-like, OXA40-like, OXA-58-like, OXA-143-like). These can only be distinguished by
molecular tests. In addition, all isolates of A. baumannii have the gene for an
intrinsic OXA-type carbapenemase (OXA-51-like), which can confer reduced
susceptibility or resistance to carbapenems (usually low-level) only if its
expression is up-regulated by genetic reorganisation.

•

The OXA enzymes of Acinetobacter sp. have rarely been reported in other
genera and horizontal spread to other strains, species or genera is not
considered a significant risk.

•

Need for supplemental tests: Carbapenem-resistant Acinetobacter sp. can
usually be reported as likely OXA-carbapenemase producers without
supplemental tests, unless the affected patient has been hospitalized overseas
recently (eg in the Middle-East or Indian subcontinent) in which case imipenemEDTA synergy should be sought to rule out presence of an NDM-type metalloenzyme.

•

Strong EDTA synergy (>8-fold) correlates well with MBL production in
Acinetobacter sp., although many OXA carbapenemase producers show a
weaker false synergy probably because metal ions are needed to maintain
some OXA enzymes in an active conformation.

•

KPC has also been recorded in A. baumannii in Central America, though not
recorded in Europe9,10.

1.2.2 Pseudomonas species
• Carbapenem resistance in P. aeruginosa arises most often through mutation.
Loss or reduced expression of the OprD (D2) porin leads to imipenem
resistance, while up-regulation of the MexAB-OprM efflux pump combined with
OprD loss leads to meropenem resistance.
•

Isolates with broader resistance most often have OprD loss combined with
other mutational mechanisms (up-regulated efflux and derepressed AmpC), but
may have acquired carbapenemases.

•

Need for supplemental tests: Isolates resistant only to carbapenems can be
inferred to have porin loss and need not be investigated further. However,
isolates resistant to carbapenems and also to ceftazidime and piperacillintazobactam should be tested for imipenem-EDTA synergy. Most will be
negative. However false-positive ‘MBL’ synergy results are common. These
probably reflect the disorganising effects of EDTA on the outer membrane of
some strains.

•

Susceptibility to aztreonam combined with resistance to carbapenems and
other β-lactams is the ‘classic’ MBL phenotype, but many MBL producers are
resistant to aztreonam owing to additional mechanisms meaning that the
‘classic’ pattern is not always seen.
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•

Most acquired carbapenemases in the genus are MBLs; KPC has also been
recorded in P. aeruginosa in Central and South America, USA, China, and the
Caribbean, though not, at the time of writing, in Europe10-14.

2 Laboratory Detection: Screening, and
Confirmation
The basic strategy to detect carbapenemase producers, outlined in section 2 above, is
to use an indicator carbapenem to screen for resistance, and then to undertake
supplementary tests (see 2.2 and 2.3) to distinguish carbapenemase producers from
those that have other carbapenem resistance mechanisms.

2.1

Screening

2.1.1 Which Specimens and Isolates to Screen
The potential for spread of acquired carbapenemases means that an indicator
carbapenem should be tested against all clinically-significant Gram-negative bacteria.

2.1.2 How to Screen for Carbapenem Resistance
The indicator drugs should be included in primary susceptibility testing eg by the
method of the British Society for Antimicrobial Chemotherapy (BSAC;
http://bsac.org.uk/susceptibility/guidelines-standardized-disc-susceptibility-testingmethod/) or the European Committee on Antimicrobial Susceptibility Testing
(EUCAST; http://www.eucast.org/antimicrobial_susceptibility_testing/).
Species identification is highly desirable to allow proper interpretation of results.
Table 1. Current BSAC and EUCAST clinical breakpoints for carbapenems
Antibiotic

Bacteria

Zone breakpoints (mm)
MIC (mg/L)

(10µg disc
content)

Doripenem

Ertapenem

BSAC

EUCAST

R<

S>

R<

S>

Enterobacteriaceae

18

24

18

24

Acinetobacter

14

22

15

21

Pseudomonas

24

32

19

25

Enterobacteriaceae

15

28

22

25

Enterobacteriaceae

16

21

16

22

Imipenem
Acinetobacter

13

25

17

23
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1
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Meropenem

Pseudomonas

16

23

17

20

Enterobacteriaceae

19

27

16

22

Acinetobacter

12

20

15

21

Pseudomonas

15

20

18

24

4

8

2

EUCAST’s ECOFFs mark the limit of the wild-type population (by a statistical
definition), meaning that isolates with higher MICs/lower zone diameters represent
non-wild-type isolates. EUCAST has proposed the following screening cut-off values
for detecting putative carbapenemase-producing Enterobacteriaceae. It should be
noted that for imipenem and ertapenem the screening cut-off MIC values have been
set one-dilution step higher than the currently-defined ECOFFs to increase specificity.

Table 2. Proposed EUCAST screening cut-off values for possible carbapenemaseproducing Enterobacteriaceae*
Carbapenem

MIC (mg/L)

Zone diameter (mm)

>0.125

<25

Imipenem

>1

<23

Ertapenem

>0.125

<25

Meropenem

*Consultation document available at:
http://www.eucast.org/eucast_news/news_singleview/?no_cache=1&tx_ttnews%5Btt_
news%5D=54.
Laboratories should have a high index of suspicion and should undertake further tests
if:
•

The zone diameter around a carbapenem disc indicates non-susceptibility (in a
bona fide susceptibility test or a screen using MacConkey or CLED agar)

•

Colonies are obtained on any commercially-available agar for detecting
carbapenem-resistant bacteria (see section 3.1 below)

•

Automated systems should flag non-susceptibility to any carbapenem,
irrespective of the expert interpretation given (unless it’s explained by intrinsic
resistance)

•

In-house or commercial molecular tests yield a positive 'hit'

2.2

Confirmatory Tests for Carbapenemases: inhibitor-based

Bacterial isolates resistant to any indicator carbapenem in the screening tests above
(Section 2.1) should be subjected to confirmatory tests. Many of these depend on
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demonstrating synergy between an indicator carbapenem and various β-lactamase
inhibitors.
Synergy is defined by a significant (>5mm) expansion of the carbapenem zone size or
significant (≥8-fold) reduction in carbapenem MIC in the presence of the inhibitor.
Synergy is sought using in-house or commercially-available methods (including
combination disc tests, gradient tests or automated systems).
Table 3. Interpretation of inhibitor-based phenotypic tests.
Carbapenem
resistance
mechanism

Synergy between
Carbapenem
+
clavulanate*

ESBL or
AmpC + porin
loss
MBL (IMP,
NDM, VIM)
KPC
OXA-48

Carbapene
m
+
cloxacillin*

Resistance to

Carbapene
m + boronic
acid

Carbapene
m + EDTA /
dipicolinic
acid

Aztreonam

Temocillin
(MIC ≥64mg/L
or no zone
around 30µg
disc)

+/-

+/-

+/-

-

R

-

-

-

-

+++

S

++

+/-

-

+++

-

R

+/-

-

-

-

-

S

+++

Caveats:
•

This table illustrates ‘classic’ phenotypic patterns, but Gram-negative clinical
isolates are becoming more complex and co-resident mechanisms lead to
exceptions. There is an increasing need for molecular methods (PCR, arrays)
to detect and identify any carbapenemase present. In particular many isolates
with MBLs are resistant to aztreonam owing to coproduction of ESBLs or
AmpC, and many with OXA-48 are resistant to cephalosporins for the same
reason.

•

Synergy tests are most effective for members of the Enterobacteriaceae.

•

Although EDTA/dipicolinic acid synergy tests may also be useful for nonfermenters, they give a high proportion of false-positive results for these
organisms.

•

EUCAST and CLSI advocate that supplemental tests to confirm
carbapenemase production are unnecessary for individual patient
management; you only need MICs. This stance is contentious.

•

The risk of onward spread may vary with underlying resistance mechanisms or
combinations of those (see also ‘Reporting for Carbapenemase Producers’
below). Hence, both EUCAST and CLSI indicate the value of supplemental
testing for infection prevention and control purposes, and for local
epidemiological investigations.

•

Automated or semi-automated systems generally can be used to detect
carbapenem resistance though the ability of software to infer and warn correctly
of the presence of carbapenemases is variable, especially for OXA-48-like
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enzymes15. For this reason, the underlying resistance mechanisms inferred by
expert algorithms should be viewed with caution; some warn of potential
carbapenemase production by every carbapenem-resistant isolate (good
sensitivity and poor specificity) while others attempt to distinguish true
carbapenemase producers from those with other mechanisms, which reduces
their sensitivity. Studies on isolates with KPC carbapenemases indicate poor
agreement between the MICs found by Etest and Vitek.

2.3

Confirmatory Tests for Carbapenemases: other methods

In addition to inhibitor-based supplemental tests, other methods may also be
considered for detecting likely carbapenemase producers. These include:
Modified Hodge Test (MHT) or ‘Cloverleaf’ test: a bioassay to assess the ability of
a test strain to hydrolyse carbapenems, as judged by indentations of the inhibition
zones for an indicator strain of E. coli. Maximum sensitivity is achieved by using 10µg
discs of ETP, IPM and MEM, but the test remains subjective and lacks specificity
(especially with AmpC producers, which show weak positive results). Concerns have
also been raised over its sensitivity, with several proven carbapenemase producers
giving consistently negative results.
Figure 2. Example of a Modified Hodge test (MHT) or clover-leaf test

MALDI-ToF: Increasingly available to diagnostic laboratories, MALDI-ToF also offers
the potential to detect carbapenemase production16-19. The assay detects mass
changes that follow hydrolysis of a carbapenem molecule. This assay is not yet
commercially available and requires pre-incubation of a carbapenem with the test
organism, but can be completed in less than 2 hours. The test gives a ‘Yes / No’
result, but needs validation before it can be recommended as a diagnostic method, to
determine its sensitivity vs. all carbapenemase types and its specificity vs. isolates
with large amounts of AmpC enzyme.
'Carba-NP': a recently described test in microtitre tray format. It is based on the
classical acidometric penicillinase test and has a colorimetric endpoint (phenol red
indicator turns yellow if the indicator carbapenem is hydrolysed). This assay has been
reported to work well for detecting carbapenemases in Enterobacteriaceae and
Pseudomonas sp20-23. It requires pre-incubation of a carbapenem with the test
organism, but can be completed in less than 2 hours. The test can give a ‘Yes / No’
result or, by testing carbapenems alone and in the presence of inhibitors, can also be
used to assign any detected carbapenemase to its appropriate β-lactamase class
(class A, B or D). As with MALDI-ToF, it needs validation before it can be
recommended as a diagnostic method, to determine its sensitivity vs. all
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carbapenemase types and its specificity vs. isolates with large amounts of AmpC
enzyme.
Molecular tests: There are numerous block-based or real-time PCR assays in the
literature, either using simple or multiplex formats24-29. Some are commercially
available. These vary in their scope (ie the range of genes sought) and the extent to
which they can be customized by the end-user. There are also commercial microarrays to detect and distinguish the ‘big five’ carbapenemases30-34. Some commercial
systems will give a ‘Yes / No’ result, while others identify the carbapenemase type
(KPC, OXA-48, IMP, NDM or VIM). Molecular tests are the only reliable means of
detecting production of multiple carbapenemases by an isolate.

2.4

Controls for Carbapenemase Tests

Quality control of the carbapenem discs used in the primary screening should follow
standard BSAC or CLSI recommendations.
Positive controls should be used to ensure the performance of carbapenemase
confirmatory tests. Various strains with known carbapenemases are available from
NCTC
(http://www.hpacultures.org.uk/media/793/06/M015.20121119.v2_AntimicrobResMech
_A4.pdf).
Table 4. Control strains producing carbapenemases available from the NCTC

Either E. coli NCTC 10418 or ATCC 25922 should also be used as a negative control
in confirmation tests.

3 Screening of Stool Samples or Rectal Swabs for
Carbapenemase-producing Enterobacteriaceae
3.1

Selective Culture Media

There is no ‘gold standard’ method for detection of carbapenemase-producing
Enterobacteriaceae in stool samples or rectal swabs but a range of different culture
media has been proposed. Such media incorporate antimicrobials for the inhibition of
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other microorganisms and biochemical markers to differentiate species or groups of
species using either chromogenic substrates or fermentable carbohydrates with a pH
indicator. Their exact composition is often undisclosed. Due to a lack of published
studies, it is not yet possible to provide firm recommendations to use (or avoid)
specific media but a review of the published literature can help laboratory staff to
make an informed choice.
Table 5 documents studies involving such media that were published either in print or
online in English up until the end of 2012. Only studies that have included clinical
samples from colonized patients are included. Readers are advised to be cautious in
the interpretation of these data. In all such studies, the calculation of sensitivity and
specificity is based on the supposition that all isolates of carbapenemase-producing
Enterobacteriaceae will be successfully detected by at least one of the methods under
evaluation – although this may not actually be the case. The performance of a
particular method may also be exaggerated if it is assessed alongside a relatively poor
comparator. Finally, most studies are performed in a single location where a single
type of carbapenemase may predominate, and different media may show different
performances in different geographical locations. It is likely that most methods have
been optimised for KPC carbapenemases, as these predominate in several of the
larger markets.
CHROMagar KPC (also available as pre-poured plates under the ‘Colorex’ brand) was
the first commercially available chromogenic medium designed for isolation of
carbapenem-resistant Enterobacteriaceae. In three early studies it showed good
performance when compared with in-house preparations of MacConkey agar
incorporating imipenem (or MacConkey with carbapenem discs)35-37. Others have
shown that isolates of carbapenemase– producing Enterobacteriaceae (CPE) with low
carbapenem MICs (eg ≤ 2mg/L meropenem) may not grow on this medium38,39.
chromID CARBA (or its prototype ID CARBA) has been the subject of two evaluations
in Pakistan and one in Greece39-41. In the first study in Pakistan, chromID CARBA
detected significantly more isolates of Enterobacteriaceae with NDM-1 than Colorex
KPC – but despite this, only one additional colonized patient was detected39. The
second study in Pakistan compared chromID CARBA with Brilliance CRE, and
significantly more colonized patients were detected using chromID CARBA40.
However, the authors speculate that the relatively poor performance of Brilliance CRE
may have been due to deterioration of selective agents during transport of media to
Pakistan, so further studies are required40. Nordmann et al., have advocated the use
of SUPERCARBA medium for isolation of all carbapenemase producers including
those producing OXA-48, which may be particularly problematic to detect42,43.
However, there are no published evaluations of SUPERCARBA with samples from
colonized patients at this time.
Other media that have been recommended include chromogenic media developed for
detection of ESBL-producers e.g. CHROMagar ESBL and chromID ESBL38,44,45, but
these are likely to be less specific, particularly in areas where ESBL producers are
commonplace and no advantage has yet been demonstrated in trials with clinical
samples41-46. Enrichment broths supplemented with carbapenems have also been
advocated, eg in guidelines from the Centers for Disease Control47. However, the
current limited evidence suggests an inferior performance to commercially available
chromogenic agars with the added disadvantage that an extra day is required to
obtain colonies for further testing41-46.
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In light of the limited available evidence we would currently recommend that if stool
samples or rectal swabs require screening for CPE, the method chosen should have
demonstrated performance at least equivalent to plating on to a commerciallyprepared chromogenic agar medium specifically recommended for this purpose. It is
essential that suspect colonies are then subjected to confirmatory tests as previously
described (eg see sections 2.2 and 2.3).

3.2

Molecular Methods

PCR has been successfully utilized for the detection of single or multiple
carbapenemase genes directly from clinical samples26,36,44,48. Obvious advantages
include a greater speed of detection and potentially a higher sensitivity than that
offered by culture44. Disadvantages include a higher cost for processing samples and
the need for specialized equipment and/or expertise. Given the range of
carbapenemases that may be encountered in the UK it would be necessary to target a
range of genes to rule out the presence of carbapenemase-producing
Enterobacteriaceae. Even then, this approach will not detect new or rare
carbapenemases and will not provide information regarding the host species or its
susceptibility.
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Table 5. Published evaluations of media / methods for detecting carbapenemase-producing Enterobacteriaceae in various patient
populations
Reference

CHROMagar KPC
MacConkey plus carbapenem discs
MacConkey plus imipenem (1 mg/L)

Sensitivity
(%)
84.9
75.8
84.9

Specificity
(%)
88.7
89.6
94.3

36

CHROMagar KPC
MacConkey plus carbapenem discs.

100
92.7

37

CHROMagar KPC
MacConkey plus imipenem (1 mg/L)

39

40

35

41

Media / Method tested

Study
location

No. of positive
Samples/Total Samples

Comments

Israel

33 / 139

All isolates of CPE had KPC enzyme.

98.4
95.9

Israel

41 / 122

Sensitivity and specificity of both media were calculated relative to
PCR testing of samples. All isolates of CPE had KPC-3 enzyme

97.8
78.3

NDa
ND

Greece

46 / 126

Predominant carbapenemases were KPC and VIM

Colorex KPC
chromID CARBA

97
100

96
93

Pakistan

37 / 200

Prototype version of chromID CARBA tested. All CPE had NDM-1

chromID CARBA
Brilliance CRE

100
62.5

98
34

Pakistan

32 / 175

All CPE had NDM-1

TSB plus ertapenem (2 mg/L)
chromID ESBL
chromID ESBL (plus enrichment)
chromID CARBA
MacConkey plus meropenem (1
mg/L)

89.1
92.4
92.4
92.4

86.4
93.3
84.7
96.9

Greece

73 / 200

Predominant carbapenemases were KPC and VIM

89.1

85.2

77.3

100

77.3

100

USA

66 / 95

97

96.6

CHROMagar ESBL
44

b

VACC

PCR for blaKPC
Not determined or not reported.

a
b

Selective agar with vancomycin, amphotericin B, ceftazidime, and clindamycin (VACC).
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4

Reporting of Carbapenemase Producers

4.1

Carbapenems

There is a division of opinion about the reporting of carbapenem susceptibility for
carbapenemase producers. There has been expert opinion for several years that all
carbapenemase producers should be reported resistant to all carbapenems,
irrespective of susceptibility test results. However, the merit of this approach is not as
clear as for cephalosporins vs. ESBL producers, since there is no obvious ‘next’ drug
vs. carbapenemase producers49.
Recently, EUCAST and CLSI have taken the view that, with the low breakpoints now
adopted by both organisations, carbapenem susceptibility results can be taken at face
value, and that carbapenems can be used as therapy so long as carbapenemase
producers appear susceptible in vitro.
There is a need for more evidence of clinical success for carbapenems against lowMIC carbapenemase producers. Furthermore, ‘susceptible’ MIC and zone test results
for carbapenemase producers often have poor reproducibility with discrepant results
between methods. There is need to improve the quality of laboratory testing and
reporting49.
The best advice is to apply utmost caution if carbapenems are to be used in severe
infections due to known carbapenemase producers, and to avoid using them as
monotherapy8.
New β-lactamase inhibitors (avibactam, MK-7655, RPX7009) are under development
and have activity against some carbapenemases (principally KPC types, not MBLs).
None is currently licensed and, while these may offer future options, their ability to
‘cover’ the diversity of acquired carbapenemases and range of host species will
depend on the partnering β-lactam(s).

4.2

Other antibiotics

Many carbapenemase producers are multi-resistant to fluoroquinolones and
aminoglycosides, but these are options if the patient’s isolate is susceptible.
Most carbapenemase producers (c. 90%) are susceptible to polymyxins (eg colistin),
although there are notable reports of resistance eg in some variants of the ST258
K. pneumoniae clone with KPC enzyme.
Tigecycline may remain active against carbapenemase-producing
Enterobacteriaceae, at least in vitro, but Pseudomonas sp. are intrinsically resistant,
there are no specific breakpoints vs. Acinetobacter sp., and there are cautions about
the drug’s efficacy in severe infection (see:
http://www.ema.europa.eu/docs/en_GB/document_library/Medicine_QA/human/00064
4/WC500102228.pdf).
Colistin and/or tigecycline may be considered as combination therapy alongside a
carbapenem.
Nitrofurantoin and fosfomycin are active against most carbapenem-resistant E. coli
isolates, but have variable activity against other genera. Fosfomycin is not marketed in
the UK and requires importation by a pharmacist. They are suitable only for lower
UTIs.
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Empirical treatment strategies and antibiotic policies may need to be re-thought in
settings and locales where carbapenemase producers are prevalent (see ARHAI/PHE
guidance on the Infection Prevention and Control issues in such circumstances:
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/CarbapenemResistanc
e/GuidanceOnCarbapenamProducers/. Empirical treatment strategies may need to be
re-thought where patients are considered to be ‘high risk’ (eg previous colonization or
infection with a carbapenemase producer, history of recent travel to a country with an
endemic problem, prior hospitalization in a UK centre with a known carbapenemase
problem).

5 Which Carbapenem-Resistant Bacteria to Send
to the Reference Laboratory?
The reference laboratory at PHE, Colindale seeks:
•

All Enterobacteriaceae suspected to produce a carbapenemase.

•

All Pseudomonas sp. suspected to produce a carbapenemase ie isolates
resistant to carbapenems, ceftazidime and piperacillin-tazobactam AND with
strong imipenem-EDTA synergy (irrespective of susceptibility or resistance to
aztreonam). There is no need to send isolates resistant only to carbapenems
and susceptible to other β-lactams.

•

All Acinetobacter sp. suspected to produce a metallo-carbapenemase i.e. with
strong imipenem-EDTA synergy.

•

Microbiology laboratories are encouraged to have a high index of suspicion, at
least for Enterobacteriaceae, and, for reasons outlined in this SMI, it is
accepted that the reference laboratory will not find a carbapenemase in all
referred isolates.

•

In addition, we seek representatives of any carbapenem-resistant strains
(irrespective of suspected mechanism, and including species with intrinsic
carbapenem resistance) that are associated with clusters or outbreaks of
infection or colonization.

See:
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/CarbapenemResistanc
e/GuidanceOnCarbapenamProducers/.
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