
What are Extended Spectrum β-lactamases 

What are Carbapenem Resistant 
Enterobacteriaceae (CRE)  

Infections caused by bacterial organisms resistant to 
most available antibiotics are called multi-drug 
resistant organisms (MDROs), and have been on the 
increase over the last decade worldwide, and in Ireland. 
The most frequently found MDROs seen in hospitalised 
patients include: vancomycin-resistant Enterococci 
(VRE) and multi-resistant  Enterobacteriaceae (i.e. 
Carbapenem Resistant Enterobacteriaceae (CRE)/
Extended Spectrum β-Lactamases (ESBL)). 

In order to limit the spread of such pathogens, and to aid in the 
treatment of patients who may carry such isolates, it is 
imperative to undertake comprehensive screening procedures 
and to develop and implement appropriate infection control 
policies. 

Guidelines for the Prevention and Control of Multi-
drug resistant organisms excluding MRSA in the healthcare 
setting were issued by the HPSC in 20131, with an update 
issued in 20142. The Committee developing these 
guideline documents believe that similar efforts to 
those that have been implemented for the control of 
MRSA will need to be introduced for the control of 
other types of MDRO. 

VRE are Enterococcus  species that are resistant to 
vancomycin. The resistance to vancomycin in Enterococci  is 
mediated by van genes and can be intrinsic (found naturally) 
or acquired. While certain strains of Enterococcus 
demonstrate intrinsic resistance to vancomycin, acquired 
resistance is primarily found in Enterococcus faecium and 
Enterococcus faecalis and is typically encoded by the vanA 
and vanB genes. Strains that harbour the vanA gene display 
high levels of resistance to vancomycin and teicoplanin, 
whereas strains that harbour the vanB gene have variable 
levels of resistance to vancomycin only. Increased rates 
of VRE usually occur within environments where 
there is heavy use of glycopeptides, for  

example in renal, liver, haematology, oncology, transplant 
and critical care units. VRE have frequently been 
associated with outbreaks in these settings. Prior 
receipt of antimicrobials to which Enterococci are 
intrinsically resistant to (e.g., cephalosporins, 
macrolides) and readily acquire resistance to (e.g., 
fluoroquinolones) as well as glycopeptide use have also 
been described as risk factors for acquisition of VRE. 

ESBLs are Enterobacteriaceae that demonstrate resistance 
to β-lactams, including third and fourth generation 
cephalosporins. The first plasmid-mediated β-lactamase in 
Enterobacteriaceae , TEM-1, was described in the 1960s and 
had a narrow spectrum of hydrolytic activity directed mainly 
against penicillins. Since then, β-lactamase variants with 
expanded spectra of activity have been increasingly reported. 
ESBLs are generally located on plasmids, and are therefore 
easily spread between bacteria. ESBLs confer resistance to a 
range of β-lactam antimicrobials including broad spectrum 
third- and fourth-generation cephalosporins such as 
cefotaxime, ceftazidime, cefpodoxime and cefepime. They may 
also confer resistance to monobactams, such as aztreonam 
and to β-lactam/β-lactamase-inhibitor combinations such as 
amoxicillin-clavulanate and piperacillin-tazobactam.   

The term carbapenemase is used to mean any β-lactamase 
that hydrolyses carbapenems i.e. 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 in a few clinical bacteria, 
such as Stenotrophomonas maltophilia and  Aeromonas sp.
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It is however acquired carbapenemases that are of most 
clinical concern, many of which are plasmid mediated, 
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 clinically.  

Data from the HPSC reports a decrease in the occurrence 
of MRSA bloodstream infections (BSI) in Ireland from 2005 
to 2011. In contrast the numbers of BSIs caused by 
organisms, such as Escherichia coli and Enterococcus 
faecium  , a significant proportion of which are vancomycin 
resistant Enterococcus faecium (VRE) are continuously 
increasing and have now reached a level that exceeds 
MRSA. 

The HPSC surveillance report released in April of last year 
documents that in 2014 the proportion of E. faecium BSI that 
were vancomycin resistant (i.e., VRE) increased to 46.3% and 
Ireland remains the only EU country with a VRE proportion in 
excess of 25%3.

Furthermore the proportion of BSI caused by multi‐drug 
resistant (MDR) E. coli (displaying resistance to three or more 
antimicrobial classes) increased to 15%3.

As is the case with MRSA, research has shown that infection 
due to multi-drug resistant Gram-negative organisms 
and vancomycin-resistant enterococci result in an 
increased length-of-stay in hospital and higher total 
hospital costs. Adequate screening for such isolates can 
thereby result in improved patient outcome and reduce costs.

Although CRE outbreaks have been reported in Ireland, CRE 
does not yet appear to be endemic in Ireland. However the 
number of cases being reported are increasing year on year, 
with 82 confirmed CRE cases in 2014.  In order to prevent CRE 
from becoming endemic in Ireland, prompt laboratory 
detection of CRE in any clinical isolate is required, followed by 
an appropriate targeted active surveillance policy of patients 
deemed to be at-risk of CRE rectal carriage. 

A rectal swab is the recommended specimen for the purpose 
of surveillance for resistant Enterobacteriaceae and 
Enterococcus  . One bacterial swab, such as a charcoal swab, is 
sufficient for processing, with MDR screening clearly marked 
on the request form. The swab should be sent to the laboratory 
as quickly as possible and within 48 hours. 

Turnaround times:

• 48 hours for negative results.
• 72/96  hours for positive results.

• Patients admitted to high risk areas (ICU,
haematology/oncology, transplantation) with weekly
screening thereafter.

• Patients known to be previously VRE positive, upon
re-admission to hospital to facilitate an infection
control risk assessment.

• Patients transferred from another Irish hospital or
patients transferred from any hospital abroad.

• Where appropriate, ‘at risk’ patients who have been
contacts of known VRE positive patients during an
outbreak of VRE

ESBL/CRE 

Taking the local antimicrobial resistance epidemiology and 
available resources into account, patients admitted to high risk 
areas (ICU, haematology/oncology, organ transplantation) 
should be considered for routine surveillance for the carriage 
of resistant Enterobacteriaceae (including ESBL and CRE) on 
admission and weekly thereafter. 

In addition routine CRE screening is advised for the following 
at-risk patient groups :

• Any patient with a history of admission for more than
48 hours to a named Irish healthcare facility
reporting an outbreak of CRE in the past 12 months.
See below for the most recent list of such facilities:
http://www.hpsc.ie/hpsc/A-Z/
MicrobiologyAntimicrobialResistance/
StrategyforthecontrolofAntimicrobialResistanceinIrel
andSARI/
CarbapenemResistantEnterobacteriaceaeCRE/
ScreeningforC REinIreland/

• Any patient with a history of admission for more than
48 hours to a foreign healthcare facility in the past 12 
months.

• Any patient transferred/repatriated from a
healthcare facility in any foreign country.

• In a patient who has attended either (i) an Irish
healthcare facility reporting a CRE outbreak or (ii) a
foreign healthcare facility for less than 48 hours or
as a day case, the decision to perform CRE screening 
should be undertaken by the local infection
prevention control team (IPCT) following risk
analysis.

• Any patient previously identified as colonised or
infected with CRE, upon readmission to hospital.

The Statistics 
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Who to Screen 

VRE 

Considering the high proportion of VRE among Enterococcal 
BSI, the colonisation pressure for VRE in Irish hospitals and 
the vulnerability of high-risk patients to VRE infection, 
National Guidelines advise active surveillance cultures on 
admission and weekly screening thereafter for the 
following patient groups:



In an outbreak due to resistant Enterobacteriaceae, protocols 
should be in place for screening patients epidemiologically 
linked to patients positive for resistant Enterobacteriaceae.

In a situation where carbapenemase-producing CRE has been 
isolated from a clinical specimen in an index case, rectal 
surveillance for CRE is recommended for patients 
epidemiologically linked to the index case within the ward/unit. If 
there is evidence of CRE cross-transmission, 
weekly surveillance in the unit should be performed until 
no further cases have been identified and the local IPCT is 
satisfied that cross-transmission has ceased.   

It is important to consider that antimicrobial resistance is a 
continuously evolving process. The emergence of CRE is 
clearly associated with increasing carbapenem use and the 
resulting selective pressure. The increasing carbapenem use 
is due in part to an increase in ESBL producing 
Enterobacteriaceae  , therefore, to halt the spread of 
CRE, it is crucially important to also address the 
spread of ESBL.

1. http://www.hspc.ie/A-Z/Microbiology/AntimicrobialResistance/InfectionControlandHAI/GUidelines/File,12922,en.pdf
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