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Carbapenem

 Imipenem

 Meropenem

 Ertapenem

 Doripenem

 Panipenem

 OprD (vs OmpC)

 Bind penicillin binding protein

 Broad spectrum – GP; GN; Anaerobic

 Stable to -lactamase

 Main antibiotic for organism producing ESBL



Carbapenem Resistant 

Enterobacteriaceae

CRE

 Resistance mechanism

1. Porin loss with -lactamase

2. Carbapenemase (MHT; combination disc, 

PCR)

Other genera

3. Efflux

4. Change in penicillin binding protein

www.pdbj.org/eprots/index_en.cgi?PDB%3A2ODJ

http://www.pdbj.org/eprots/index_en.cgi?PDB%3A2ODJ


Carbapenemase genes



World-wide 

epidemiology



CRKP (carbapenem resistant Klebsiella pneumoniae)

 Spreading & increasing

- CRKP first described in North Carolina in 1999

- Identified in 24 states and is recovered routinely in certain 
hospitals in New York and New Jersey now.

 Health-care--associated infections reported to CDC:

CRKP in all Klebsiella isolates

- 2000 <1% 

- 2007 8%

 Difficult to treat & Increase in mortality

- Resistant to all beta-lactam

- associated with increased mortality, length of hospital stay, and 
increased cost



Europe carbapenem-resistant Enterobacteriaceae 

 VIM-type MBLs and K. pneumoniae carbapenemases (KPC) are the most frequently 
isolated carbapenemases

 Overall, CRE are still rare causes of human infections in most parts of Europe, 
except for Greece and Cyprus

 2009 European Antimicrobial Resistance Surveillance Network 

(EARS-Net, formerly EARSS)

 carbapenem-resistance rates among invasive K. pneumoniae infections:

 Greece 43.5% 

 Cyprus 17.0%

 Italy 1.3%

 Belgium 1.2%

 other 23 countries <1%

 Despite generally low rates, CRKP - cause of country-wide epidemics of HCAI in 
Greece, Israel, USA, Latin American countries and China, and of local outbreaks 
in Poland and Italy 



Emerging CRE

 Many are colonisers and infection in community

 India Enterobacteriaceae ESBLs 70 - 90%, widespread use of 

antibiotics such as carbapenems necessary

 growing prevalence of ESBL producers

 drive a greater reliance on carbapenems. 

 selection pressure for carbapenem resistance in 

Enterobacteriaceae, 

 Klebsiella pneumoniae clones with KPC carbapenemase are a major 

problem in the USA, Greece, and Israel

 VIM metallo-carbapenemase have disseminated among K 

pneumoniae in Greece.







Medical Tourism

 an emerging trend worldwide

 all age groups traveling abroad to seek low-cost yet 
first-class medical treatments. 

 US and UK top the list of health tourists traveling to 
Brazil, Hong Kong and India for medical treatments

 ~ 500,000 US citizens traveled out of the country to 
seek medical and dental treatments in 2005. 

 the number is on a constant high

 getting treatments done at a fraction of cost

 also beating the long wait lists 

 get to explore an exotic destination

http://www.futureyears.com/health/medical-tourism/hong-kong/









Incidence 
MRSA

BSI
VRSA VRE

ESBL

+NR

CRE/

CRE  PCR 

+ve 

CRA/

MDRA

CRPA/

MRPA

2009

0.17

/1000 acute 

bed days

No 

0.2%

Sporadic 

outbreaks 

in 

hospitals

20-25%

0.05 to 

0.07% 

/ NA

39%

MDRA=

2.6 to 4%

4.75%

MRPA=

0.1%

2010
0.15 

/ 1000 acute 

bed days

No 

0.4%

( 3 

outbreaks 

involved 

28 

patients)

20-25%
0.19% 

/ 13 cases

39%

MDRA=

2.1%

4.62%

MRPA=

0.1%

Trend

Decreasing

(12%↓cf

2009; 21%↓ 

cf 2007)

No 

Slightly

increasin

g

stable

Low but 

increasin

g

CRA: 

Stable

MDRA:

Slightly 

decreasin

g

stable

MDRO situations in HA hospitals 2009 - 2010

MRPA=concomitant R to Imipenem, Ceftazidime. Amikacin and Ciprofloxacin
MDRA= concomitant R to Fluoroquinolones, Aminoglycosides, Cephalosporins and BL/BLase inhibitor combinations





Epidemiology in HK

 All along, routine test for carbapenem resistance in 
isolates from clinical specimen

 Carbapenem resistant noted in 2008, further test 
showed not related to carbapenemase

 Carbapenemase - First detected case in 2009



Carbapenemase genes detected by 

PHLC (nucleotide sequencing if PCR +)



Chu YW. EID Jan 2011



Enterobacteriaceae with reduced susceptibility to carbapenems

mediated by various molecular classes of carbapenemases

2009 - 2010
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www.factsabouthongkong.com/hongkongmaps.htm

2009-2010

http://www.takemaps.com/en/map_of_hong_kong_en.php
http://www.factsabouthongkong.com/hongkongmaps.htm


Clinical Features

 Many from clinical specimen of hospitalised

patient 

 Specimen types include urine, bile, wound, 

sputum

 Mostly colonisation

 KPC, IMP no recent history of travel

 NDM-1 history of travel to India







Patient A

Urosepsis

ESBL+ E. coli

Patient B

Perianal abscess

MSSA

ESBL+ E. coli

Both

Rectal screening

CRKP





Tängdén . Foreign travel is a major risk factor for colonization with 

Escherichia coli producing CTX-M-type extended-spectrum beta-

lactamases: a prospective study with Swedish volunteers. Antimicrob 

Agents Chemother. 2010 Sep;54(9):3564-8. Epub 2010 Jun 14.

thomas.tangden@gmail.com

 Healthy volunteers traveling outside Northern Europe 
were enrolled. 

 Rectal swabs and data on potential travel-associated risk 
factors were collected before and after traveling. 

 A total of 105 volunteers were enrolled. Four did not 
complete the study, one carried ESBL+ E. coli before 
travel. 

 24 of 100 participants with negative pre-travel samples 
were colonized with ESBL-producing E. coli after the 
trip. (All CTX-M, mostly CTX-M-15). Co-resistance to 
several antibiotic subclasses was common. 



Hospital transmission



Carmeli Y. CMI 2010:16;102-111



HA CRE guideline

 Control

 Practical



Action - HA protocol 

 Antibiotics

 Laboratory detection

 Clinical specimen

 Active surveillance screening

 Isolation and precautions

 Contact tracing

 Environmental cleansing

 Alert & reporting especially on patient with 
CRE PCR +ve discharged to elderly home



Laboratory protocol

 Clinical specimen

 All isolates from all specimens – full range of ST 

including carbapenem (ertapenem) 

 Active screening in selected cases 

 History of travel with hospitalisation outside 

HK in recent 6 months

 Stool or rectal swab for CRE screening
 (secondary screening of patients with chronic wounds/ indwelling urinary 

catheters or endotracheal intubation or on dialysis are not included at this 

stage)



CRE screening takes 5 days

CP when you send the swab

Day 1
Day 2

Day 3

susceptibility testing

Day 4

Day 5

Inform ICT

Send isolate to PHLC





Modified Hodge Test

Lawn of E. coli ATCC 25922

1:10 dilution of a

0.5 McFarland suspension

Imipenem disk

Test isolates

Described by Lee et al. CMI, 7, 88-102. 2001.



Secondary Test

1. Modified Hodge Test (MHT) false Pos

2. Carbepenem disks (IMI, MEM, ERT) with 

EDTA and phenylboronic acid (>5mm zone 

different) JAC 2010;65:1664

 If either positive, send to PHLC for specific 

genes by PCR for confirmation



http://www.cancerhelp.org.uk/prod_consump/groups/cr_co

mmon/@cah/@gen/documents/image/crukmig_1000img-

12206.jpg
http://jcm.asm.org/cgi/reprint/46/6/2028

www.infectioncontrolmanual.co.ni/pri

nciples/c...

III Infection control measures (apply to patient with 
carbapenemase producing CRE isolate and to be continued 

when PCR positive)

Lab. send isolate to 

PHLC for CRE PCR

http://www.infectioncontrolmanual.co.ni/principles/contact_precautions.html
http://www.infectioncontrolmanual.co.ni/principles/contact_precautions.html


http://greenwoodenvironmental.typepad.com/.a/6a01156f7046e5970c0115706cef41970b-800wi



http://www.mdrelay.org/images/CapTelphone.jpg

http://www.personal.psu.edu/aes284/twtc/images/computer.jpg

IV Alerts and Reporting

Inform the Chief 

Infection Control 

Officer’s (CICO) Office

- patient with PCR +ve 

CRE

- when an outbreak of 

CRE is suspected.

Label in the CMS alert by ICT
- „Carbapenamase producing 

Enterobacteriaceae detected‟ for 

patient with CRE tested positive by the 

MHT

- Revise CMS alert to “CRE PCR +ve” 

if PCR tested positive. 
The alert should be removed when the 

patient has been eradicated of CRE.

When CRE PCR +ve patient is re-

admitted, take appropriate infection 

control precautions and inform the ICT.



1 Jan 2011

CRE NEGATIVE

V Patient transfer / discharge arrangements

3 Jan 2011

CRE NEGATIVE

Patients from institutions (e.g. RCHE) 

with CRE PCR +ve can be discharged:

http://blog.galenhealthcare.com/wp-content/uploads/2010/10/NonDiscrete2.jpg

1) When screening cultures taken consecutively 

at 48 hours interval were negative 

3) Inform ICB 

before discharging 

the patient

2) With education pamphlet



Active surveillance 

culture



New Delhi metallo--lactamase (NDM-1)

Year No. of  case Patients’ background

2009 1 

Oct 2009 (GOPC)

66-year-old man patient attending a 

government out-patient clinic

2010 
1 

(detected by active surveillance 

culture of  rectal swab)

Dec 2010 

History of  hospitalization outside HK



Klebsiella pneumoniae Carbapenemase (KPC)

Year No. of  case Patients’ background

2009 0 

2010 

4 

(2 detected by active 

surveillance culture of  

rectal swabs)

Nov 2010 

66-year-old man with a history of  previous hospital 

admission in China in Oct 2010

Nov 2010 

24-year-old man admitted for abdominal pain with no 

travel history

Dec 2010 (2 cases with history of  hospitalization 

outside HK)



Thank You


