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Carbapenem

Imipenem

Meropenem

Ertapenem

Dotipenem

Panipenem

OptD (vs OmpC)

Bind penicillin binding protein

Broad spectrum — GP; GN; Anaerobic

Stable to [3-lactamase

Main antibiotic for organism producing ESBL



Carbapenem Resistant
Enterobacteriaceae
CRE

B Resistance mechanism

1. Potin loss with [3-lactamase

www.pdbj.org/eprots/index_en.cgi?PDB%3A20DJ

2. Carbapenemase (MHT; combination disc,
PCR)

Other genera
3. Efflux
4. Change in penicillin binding protein


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

Carbapenemase genes

Carbapenemase genes.

Ambler Class 9 families (KPC, SME, NMC-A, IMI, PER, GES, SFO, SFC, IBC)

A
Ambler Class B 6 families (VIM, GIM, SIM, NDM, IMP, SPM)
D

Ambler Class 2 families (OXA, PSE)




World-wide
epidemiology



CRKP (carbapenem resistant Klebsiella pneumoniae)

m 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.

m Health-care--associated infections reported to CDC:
CRKP 1n all Klebsiella 1solates
- 2000 <1%
- 2007 8%0

m Difficult to treat & Increase in mortality
- Resistant to all beta-lactam

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



Eur Ope carbapenem-resistant Enterobacteriaceae

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

isolated carbapenemases

Opverall, 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 countties <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
Dpneumoniae 1n Greece.



Articles

Emergence of a new antibiotic resistance mechanismin > W
India, Pakistan, and the UK: a molecular, biological, and
epidemiological study

Karthikeyan K Kvmarasamy, Mark A Toleman, Timothy EWalsh, Jay Bagaria, Fafhana Butt, Ravibumar Balaksishnan, Uma Chaud hary
Miche! Dowmith, Christian G Giske, Seemalrfan, Padma Krishnan, Ani V Evmag, Sunil Maharjan, Shazad Mushtag, Tabassum Noovie,
DavidL Paterson, Andrew Pearson, Claire Perry, Rachel Pike, Bhargavi Roo, Ujjwayini Ray, Jayamta B Sarma, Madbw Sharma, Blizabeth Sheridan,

Mandayam & Thirenarayan, Jane Turton, Swpeiva Upadbyay, MarinaWame, William Wefare, David M Livermore, Neill Woodford

Summary
Background Gram-negative Enterobacterlaceas with resistance to carbapenem conferred by New Delhl metallo-P Lancetinfoct D 2010,
lactamase 1 (NDM-1) are potentially a major global health problem. We Investigated the prevalence of NDM-1, In 19557802

multidrug resistant Enterobacterlaceae In Indla, Pakistan, and the UK. Published Oniline
Lugust 11, 2010




Patient A Patient B

MIC (mg/L) Susceptibility™ MIC (mg/L) Susceptibility™
Imipenemt =32 R >32 R
Meropenem =32 R =32 R
Ertapenemt =32 R =32 R
Piperacillin-tazobactam =32, 4 R =32, 4 R
Cefuroxime =64 R =64 R
Cefotaxime =8 R =8 R
Ceftriaxone =16 R =16 R
Ceftazidim =32 R =32 R
Aztreonam =32 R =32 R
Ciprofloxacin =4 R =4 R
Gentamicin =16 R >16 R
Tobramycin >4 R >4 R
Amikacin =16 R =16 R
Cotrimaoxazole =8 R =8 R
Nitrofurantoin =64 R =64 R
Tigecyclin 0.25 ) 0-25 )
Colistin =1 S =1 S
Chloramphenicol <2 S 4 S

MIC=minimum inhibitory concentration. R=resistant. I=intermediate susceptible. 5=susceptible
*Susceptibility defined by the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
breakpoints. {Tested by Etest: carbapenem MICs were all more than 32 mg/L. Tested by microbroth dilution:
the MICs of strain A and B were for imipenem 2 (S) and 8 (1), meropenem & () and 16 (R), and ertapenem 2
(R) and 8 (R), respectively.

Table: Antimicrobial susceptibilities for NDM-1-positive Klebsiella pneumoniae isolated in

patientsAand B www.thelancet.com/infection Vol 10 December 2010




Medical Tourism

m 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 1n 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/



Lancet Infect Dis 2010;
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Figure 1: Numbers of carbapenemase-producing Enterobacteriaceae referred from UK laboratories tothe UK
Health Protection Agency’s national reference laboratory from 2003 to 2009

The predominant gene is blayg, , which was first identified in 2008, The other group includes diverse producers of
KPC, O¥A-48, IMF, and VIM enzymes.
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Data of count <30 may not be representative

Please vefer to medical microbiologist for interpretation
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Epidemiology in HK

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

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

m Carbapenemase - First detected case in 2009



International Journal of Antimicrobial Ageats 36 (2010) 205-210

Contents lists available at ScienceDirect

Antimlcrobiat
Agents

International Journal of Antimicrobial Agents

journal homepage: http://www.elsevier.com/locate/ijantimicag

Review

Guideline for phenotypic screening and confirmation of carbapenemases
in Enterobacteriaceae

James Cohen Stuart®*, Maurine A. Leverstein-Van Hall*-", on behalf of members

of the Dutch Working Party on the Detection of Highly Resistant Microorganisms'

' Department of Medical Microb ity Medical Centre Utreche, Utrechr, The Necherlands

Y Cenrre for Infectious Disvase Cv wal Insgieuce for Public Health and the Enviromment JRijksinscituue voor Volksgezondheld en Milleu (RIVM )], Blithoven, The Netherfands

Carbapenemase genes detected by
PHILC (nucleotide sequencing if PCR +)

Carbapenemase genes.

Ambler Class O families

Ambler Class 6 familie:

Ambler Class 2 families (OXA, PSE)




Carbapenemases in Enterobacteria,
Hong Kong, China, 2009

Table. Antimicrobial susceptibility results and ESBL detected for 4 carbapenemase-haboring enterobacteria isolates, Hong Kong,
2009"

Patient MIC, ng/mL (CLSI breakpoint for resistance)t ESBL/
age,y/  Patient IMP MEM ERT NA CIP NIT AK GN  SXT carbapenemase
Organism seXx location  Specimen (=4) (=4) (=1) (=32) (=4) (=128) (=04) (=16) (=80) detected

Citrobacter 69/M Hospital Sputum a =16 =8 =32 =4 128 =2 8 =320 IMP-4, CTX-M-9
freundii

Klebsiella 60/M Hospital Bedsore =16 =16 =8 =32 =4 =H12 16 =1 =320 IMP-4
pneumoniae

Enterobacter 68/F Hospital Urine =16 =16 =8 4 =025 64 =2 =1 =20 IMI-3
cloacae

Eschenichia 64/M  Outpatient Urine 4 2 4 =2 =025 <16 8 =16 <20 NDM-1
coli clinic

*ESBL, extended-spectrum B-lactamase; IMP, imipenem; MEM, meropenem; ERT, ertapenem; NA, nalidixic acid; CIP, ciprofloxacin; NIT, nitrofurantoin;
AK, amikacin; GN, gentamicin; SXT, co-timoxazole; NDM-1, New Delhi metallo-B-lactamase.
+CLSI, Clinical and Laboratory Standards Institute, updated June 2010.

Chu YW. EID Jan 2011




No. of receipt of specimen / isolate

10

Enterobacteriaceae with reduced susceptibility to carbapenems

mediated by various molecular classes of carbapenemases

2009 - 2010
0 2009
g W 2010
4
1 11
IMI ‘ KPC IMP ‘ NDM

Class A carbapenemases

Carbapenemase by PCR

Class B carbapenemases

2009 2010
4 13
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http://www.takemaps.com/en/map_of_hong_kong_en.php
http://www.factsabouthongkong.com/hongkongmaps.htm

Clinical Features

m Many from clinical specimen of hospitalised
patient

m Specimen types include urine, bile, wound,
sputum

B Mostly colonisation
m KPC, IMP no recent history of travel
m NDM-1 history of travel to India



Health %
tection

Health Protection Report

weekly report

Volume 3 Number 4 Published on: 30 January 2009

Current News

b Case of viral haemorrhagic fever in traveller recently returned from Nigeria
» National Resistance Alert: carbapenemases in Enterobacteriaceae

B Call for applications for European intervention epidemiology fellowships

Microbiologists should be suspicious of any Enterobacieraceae isolate with resistance or reduced
suscepfibilify fo carbapenems _except for Profeys and Morganella spp. with borderline resistance 1o

imipenem only (an inherent trait of these genera) and Enterobacter spp., eight with borderline resistance
to ertapenem only (usually associated with high level chromosomal p-lactamase expression). Suspect
Isolates should be sent to ARMRL for further investigation. Based on current experience, most will prove
to have resistance contingent on combinations of an ESEL or AmpC B-lactamase together with
impermeability but a minority will be confirmed as carbapenemase producers. Where these enzymes are
found we urge the need for stringent infection control and the Centre for Infections Laboratory of
Healthcare-Associated Infection will be happy to advise on this aspect. It should be stressed that
producers can be difficult to recognize. The K. pneumoniae clone with the KFPC carbapenemase is
typically susceptible only to gentamicin, tigecycline and polymyxins and has clear resistance to all
carbapenems, but many other producers have only low-level resistance and variable (though usually
considerable) resistance to other agents. Laboratories should be especially alert to carbapenem-resistant

Isolates from patients with a history of hospitalization in countries where carbanenemase-producing

Enterobacteriaceae are prevalent — particularly Greece, Turkey, Israel and the USA, as these have been a
repeated source of introduction to the UK.

Y F{Callh Protection Report Vol 3 No. 4 - 30 January 2009



We describe two patients—one man
aged 30 years and one woman aged
66 years—who were _

New Delhi metallo-B-lactamase-1
(NDM-1)-producing Klebsiella
pneumoniae isolates after a journey
to India during which they had no
contact with health-care services.’

In 2009, both patients returned
from a low-budget holiday trip to

India, where they visited, among

other places, New Delhi. The patients
ate and drank at local restaurants.

The did not visit any medical-care

facility but did take ciprofloxacin
against enteritis. On their return,

www .thelancet.com/infection Vol 10 December 2010



patient A was admitted to the
hospital with urosepsis caused by
an extended-spectrum [3-lactamase
(ESBL)-positive Escherichia coli, and
patient B was admitted for treatment
of a perianal abscess caused by a
Staphylococcus aureus and an ESBL-

positive E coli. The rectal screening
cultures from both patients yielded
carbapenem-resistant K pneumoniae.
These strains caused no infections
in the patients and there was no
secondary transmission to other

Patient A
Urosepsis
ESBL+ E. coli

Patient B

Perianal abscess
MSSA
ESBL+ E. coll

Both
Rectal screening
CRKP

www .thelancet.com/infection Vol 10 December 2010



In many_low-endemic_countries,
measures are taken to prevent the
in-hospital spread of multiresistant

strains by screening __ patients
who received previous medical

care in high-prevalence countries
and <Ubjecting them To barrier
precautions awaiting the screening
results. However, as shown in this
study, travellers might also acquire
carbapenemase-producing isolates
with no history of medical care

abroad; thus, this control strateqgy

: admission, patien
should therefore be asked whether
they have recently travelled to
IndiaorPakistanand, ifpositive,should
e screened for NDM-1-positive
enterobacteria. Additionally,
because travel history is often
unavailable, we advise screening
of all enterobacteria isolated in the

www .thelancet.com/infection Vol 10 December 2010



Tangden . 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. co/z before
travel.

of 100 participants with negative pre-travel samples
were

. (All CTX-M, mostly CTX-M-15). Co-resistance to

several antibiotic subclasses was common.



Hospital transmission

Preliminary evidence suggests that 13 of 77 patients

from Italy and the UK were possible secondary cases

linked to other hospitalised patients who had returned
from India (Table 1). In Italy, two cases with no travel

hospital, an endoscope-related outbreak affected nine
patients six month after a travel-associated case.




TABLE |. Suggested action plan for rapid implementation
of infection control measures in settings with sporadic
occurrence or complete absence of carbapenemase-produc-

ing Gram-negatives

Screening of all patients in contact with an index case

Epidemiological investigation with root cause analysis in cases of nosocomial
cross-transmission events with more than two secondary cases

Measures to keep staff and hospital administration informed

Stringent infection control aimed at containment and ultimate eradication of
nosocomial clusters

Coordination and supervision by public health authorities

Carmeli Y. CMI 2010:16:102-111



HA CRE guideline

m Control

m Practical



Action - HA protocol

m Antibiotics

m [aboratory detection
= Clinical specimen

m Active surveillance screening
m [solation and precautions
m Contact tracing
m HEnvironmental cleansing

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



Laboratory protocol

m Clinical specimen

m All 1solates from all specimens — full range of ST
including carbapenem (ertapenem)

m Active screening in selected cases

m History of travel with hospitalisation outside
HK 1n recent 6 months

m Stool or rectal swab for CRE screening

m  (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

DEVAE

Inform ICT
Send isolate to PHLC

Day 4

E
Y
: X -~
| s A s TN X

CP when you send the swab

susceptibility testing



M100-S20-U
Vol. 30 No. I5 |

Performance Standards for Antimicrobial
Susceptibility Testing; Twentieth
Informational Supplement (June 2010

LCL.lNlCAL AND
// LABORATORY
STANDARDS
INSTITUTE

New Interpretive Criteria for Carbapenems and Enterobacteriaceae:

Disk diffusion (mm) MIC (pg/mL)
Susceptible  Intermediate Resistant Susceptible  Intermediate Resistant

Doripenem >23 20-22 <19 <1 2 >4
Ertapenem >23 20-22 <19 <0.25 0.5 > 1
Imipenem >23 20-22 <19 <1 2 >4
Meropenem >23 20-22 <19 <1 2 >4

Old Interpretive Criteria for Carbapenems and Enterobacteriaceae:

Disk diffusion (mm) MIC (pg/mL)

Susceptible  Intermediate Resistant Susceptible  Intermediate Resistant
Ertapenem =19 16-18 <15 <2 4 > 8
Imipenem > 16 14-15 <13 <4 8 > 16
Meropenem > 16 14-15 <13 <4 8 > 16




Modified Hodge Test

ILawn of E. coli ATCC 25922
1:10 dilution of a
0.5 McFarland suspension

Test isolates

Imipenem disk

Desciibied by Lee et al. CMT, 7,88-102. 2001.



Secondary Test

Modified Hodge Test (MHT) false Pos

Carbepenem disks (IMI, MEM, ERT) with
EDTA and phenylboronic acid (>5mm zone
different) JAC 2010;65:1664

It either positive, send to PHILC for specitic
genes by PCR for confirmation



(apply to patient with
carbapenemase producing CRE isolate and to be continued
when PCR positive)

.cancerhelp.org.uk/prod_consump/groups/cr_co
pcah/@gen/documents/image/crukmig_1000img-

Lab. send isolate to
PHLC for CRE PCR

www.infectioncontrolmanual.co.ni/pri
nciplesi/c...



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

ol |

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




http:

Inform the Chief
Infection Control
Officer’s (CICO) Office
- patient with PCR +ve
CRE

- when an outbreak of
CRE is suspected.

http://www.persond

Label in the CMS alert by ICT

' for
patient with CRE tested positive by the
MHT
- Revise CMS alert to “ "’

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.

JpPg



V Patient transfer / discharge arrangements

Patients from institutions (e.g. RCHE)
with CRE PCR +ve can be discharged:

1) When screening cultures taken consecutively
at 48 hours interval were negative
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3) Inform ICB
before discharging
the patient
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Active surveillance
culture



New Delhi metallo-f3-lactamase (NDM-1)

Year No. of case Patients’ background

Oct 2009 (GOPC)
2009 1 66-year-old man patient attending a

government out-patient clinic

1 Dec 2010
2010 (detected by active surveillance

cultute of rectal swab) History of hospitalization outside HK




Klebsiella pneumoniae Carbapenemase (KPC)

Year No. of case Patients’ background
2009 0
Nov 2010
06-year-old man with a history of previous hospital
admission in China in Oct 2010
i Nov 2010
2010 (2 detected by active

surveillance culture of
rectal swabs)

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

Dec 2010 (2 cases with history of hospitalization
outside HK)
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