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Table 1. Characteristics of CRE/CPEs
CRE/CPE Characteristic

Metallo-f3-lactamase (Class B f-lactamase) -producing CRE/CPE

NDM-1 producers

* The major bacterial species of CRE/CPEs is Klebsiella pneumoniae followed by Escherichia coli. Various species are also

isolated as CRE/CPEs, although their isolation frequencies are low.

+ CRE usually co-produces CMY-type and/or CTX-M-type S-lactamases, and NDM-1-producers often show resistance to

piperacillin and aztreonam that can hardly be hydrolyzed by MBLs.

- Some CRE/CPE isolates do not necessarily show resistance (R) to carbapenems, and such strains are often “negative”

with the modified-Hodge test.

* NDM-1-producing CRE/CPEs frequently co-produce 16S rRNA methyltransferases such as ArmA and RmtC, and those

isolates demonstrate consistent and very high level of resistance (MIC, >512 xg/mL) to various aminoglycosides.

* Sepsis and/or meningitis in babies are also reported from the endemic areas of NDM-1-producers including India.

VIM-producers

* VIM-type MBL-producing CRE/CPEs are still relatively rare even in Europe, but an outbreak of VIM-producing K. pneu-

moniae has been reported from Greece.

* VIM-producing P. aeruginosa tends to be reported in Europe, but VIM-producing CRE/CPRs have been reported from

Korea and Taiwan.

IMP-producers

+ IMP-producing CRE/CPEs tend to be more isolated in Asian areas than in the European and American continents.
+ IMP-type MBLs tend to show higher carbapenem-hydrolyzing activity than VIM- and NDM-types, although IMP-6

shows low hydrolytic activity against imipenem.

* In Western Japan, imipenem-susceptible but meropenem-resistant CRE/CPEs have to date been frequently isolated.

Those isolates often produce IMP-6, a variant of IMP-1.

* PCR can not distinguish blavr-s from blavr-1, and nucleotide sequence analyses are required for their discrimination.

Serine-f-lacatamase-

type carbapenemase-producing CRE/CPE

KPC-producers

+ KPC-2-producing K. pneumoniae was widespread in the US by 2013, and it causes actual nosocomial infections and out-

breaks.

+ Almost all KPC-producers can be detected with the modified Hodge test (MHT), because KPC-2 has a high hydrolytic

activity against carbapenems especially ertapenem.

* MICs of piperacillin/tazobactam for KPC-producers tend to be very high, (MIC, >256 ug/mL).
+ Enzymatic activity of KPC-type carbapenemases is inhibited by 3-amynophenyl boronic acid.

OXA-48-producers

+ OXA-48-producers were first identified in K. pneumoniae isolated in Turkey, and are spreading mainly in Europe. In ad-

dition, several reports of OXA-48-producers have also been made from Asian, African, and American countries.

+ Some OXA-48-producers co-produce NDM-1.

+ The hydrolytic activity of OXA-48 against carbapenem is not so high as those of MBLs and KPC.

+ OXA-48-producers are sometimes negative in the MHT.

* MICs of piperacillin/tazobactam for OXA-48-producers are usually high, (MIC, >64 ug/mL).

+ CRE/CPEs that produce OXA-181, a variant of 0XA-48, have spread in India and its surrounding countries.

GES-5-producers

* GES-5-producing CRE/CPEs have been reported from South Africa, Brazil, Greece, Portugal, and Germany.

+ Carbapenem-hydrolyzing activity of GES-5 is not so high as those of KPC and MBLs.

- GES-5 producers are usually “negative” in the MHT and CarbaNP test.

* A GES-4-producing K. pneumoniae that shows augmented MIC of cephamycins and carbapenems has been identified in

Japan.
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Table 2. Important notice regarding CRE/CPEs
Principle

+ Early identification of CRE/CPEs and prompt performance of infection control measures are essential to contain CRE/CPEs in clinical set-
tings.
Characteristics of CRE/CPEs-colonizing people
+ CRE/CPEs do not cause any symptoms when they colonize the bowel in healthy people.
* CRE/CPE:s can live in the human intestine from several weeks to several months without administration of antimicrobials.
Important notice for the medical examination interview

+ Ask about recent foreign travel in the first medical checkup and before admission to the ward.

+ Patients who have been staying or passed through areas where CRE/CPEs are endemic should be checked for CRE/CPEs, and the patients
should be carefully treated as carries of CRE/CPE until the test results have come through. If it is possible, such patients should be admitted
to a private room or cohorting area until the test results are obtained.

Important cautions for screening culture and microbial testing

* When a CRE/CPE carrier is identified, screening culture for CRE/CPEs in the feces and/or urine of patients who have been admitted to the
same ward and/or clinical unit is mandatory. Surveillance culture of clinical environments surrounding the CRE/CPE-positive patients would
also be very important to block their transmission among patients.

+ If some Enterobacteriaceae isolates are recovered from patients who have been treated with a cephem or carbapenem, antimicrobial suscep-
tibility testing is very important to exclude the possibility of CRE/CPEs.

* Fluoroquinolone resistant Enterobacteriaceae, especially K. pneumoniae, should be subjected to an antimicrobial susceptibility test using car-
bapenems and cephems to rule them out as CRE/CPEs.

- Attention should be paid to the fact that some CRE/CPEs are not necessarily “resistant” to carbapenems.

* A “negative” result of bacterial culture does not guarantee “complete absence” of CRE/CPEs in the clinical specimen due to the limitation of
sensitivity of the culture method used. A trace amount of CRE/CPEs may well remain in the feces or other clinical sample.

- The patients who have been colonized with CRE/CPEs and once turned to “negative” by bacterial culture of clinical specimens should be
checked again when the antimicrobial therapy is restarted.

Important points for precise microbial analyses and cooperation among regional hospitals.

* Performance of PCR for detecting major antimicrobial resistance genes is recommended in each hospital.

* Precise genetic analyses for CRE/CPEs should be supported by the regional reference laboratories, if the hospital can not perform the precise
analyses by itself.

Clinical notice

- The f-lactams judged to be “S” or “I" for the CRE/CPE isolates causing infections are not necessarily effective in vivo.

* When CRE/CPEs are isolated from urinary specimens, the onset of acute bacterial pyelonephritis and subsequent bacteremia should be an-
ticipated.

Notice in infection control measures

* When CRE/CPE carriers have developed diarrhea caused by viral or bacterial infections, or the effect of antimicrobial administration, pollu-
tion of clinical environments with CRE/CPEs should be prevented.

* In the defecation support of CRE/CPE carriers, as well as in the changing of diapers contaminated with CRE/CPEs, performance of exact con-
tact precautions with appropriate hand hygiene should be recommended and encouraged.

* When a CRE/CPE carrier has once been judged to be “negative” for CRE/CPEs with routine bacterial culture, the risk of transmission of CRE/
CPEs to neighboring patients should be lowered to negligible levels, even if the patient still harbors a trace amount of CRE/CPEs in their di-
gestive tract. Thus, the patient can be released from isolation or cohorting care. However, periodical surveillance cultures of the patients
should be continued for several weeks especially after the recommencement of antimicrobial prescription, and isolation care would be worth
being continued if it is possible.

* When CRE/CPEs have been identified in a patient transported from another medical setting, the information should be held in common be-
tween the medical setting and utilized for improvement of infection control measures in both settings from the view point of regional coop-
eration on infection control.
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Fig. 1. Relationship between CRE and CPE.

CRE: carbapenem-resistant Enterobacteriaceae (usually used in the US where the KPC-producers became

endemic and predominant)

CPE: carbapenemase-producing Enterobacteriaceae (mainly used in Europe where various carbapene-

mase-producers have been emerging, and NDM-1 or VIM-2 producers sometimes show “susceptible” or

“intermediate-resistant” phenotypes to carbapenems)
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Fig. 2. A rough sketch of regional difference in the isolation
frequency of carbapenemases produced by CRE/CPEs.
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Fig. 3.

Global distribution of carbapenemases found in CRE/CPEs.

@ NDM, @ VIM, 9@ IMP, @ KPC, € 0XA-48 (including OXA-181), € GES ( @ The size represents the rough numbers of reported

cases by the end of Nov. 2014.)
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Fig. 4. Transmission modes of antimicrobial resistant microbes (ARMs) and their genetic

determinants at different 4 levels.
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Fig. 6. Comprehensive measures and operations to cope with MDR organisms.
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After the emergence of methicillin-resistant Staphylococcus aureus (MRSA) in the 1960s, vancomycin-
resistant enterococci (VRE) and ESBL (extended-spectrum f-lactamase)-producing Gram-negative bacteria
emerged in 1980s. In the 1990s, multidrug-resistant (MDR) Mycobacterium tuberculosis (MDR-TB) and MDR
Pseudomonas aeruginosa (MDRP) have also become a new clinical concern. In the 2000s, bacterial species be-
longing to the family Enterobacteriaceae that have acquired consistent resistance to various antimicrobials in-
cluding carbapenems have also emerged and spread worldwide, together with rapid dissemination of MDR
Acinetobacter species, particularly A. baumannii, in the clinical institutions outside Japan. Only a few antimi-
crobial agents are effective for infections caused by those MDR microbes and the prognoses of patients in-
fected with those MDR microbes are often very serious. In the EU and the US, therefore, the antimicrobial
resistance issues have come to be regarded as one of the political problems and comprehensive operations
have been started to cope with the clinical difficulties caused by multidrug-resistant pathogenic microbes.



