
The monitoring system of 
antimicrobial resistance and control 

outbreaks of polyresistant 
pathogens: Lessons from Israel  

Yehuda Carmeli, MD, MPH 
National Center for Antibiotic 

Resistance and Infection Control,  
Tel Aviv Medical Center, Israel 



• First report of KPC (later corrected to be KPC-
2) 

• Isolated from a patient with nosocomial 
infection in and ICU  in a North-Carolina 
hospital (1996?) 
– No particular attention to the isolate initially  

• Examined when collection of isolates was 
tested in the CDC as part of the ICARE project 
(routine surveillance) 

AAC 2001 



AAC 2004 
KPC-3 

The outbreak contained by vigorous infection control and surveillance 

2000-2001 

24 cases in 

A single hospital: 

33% CFR 



Outcomes 

• Crude Mortality 
– Resistant Klebsiella – 44% 

• Adjusted impact of CRKP on mortality: 
– Compared with hospital controls – OR 5.0 (1.7-14.8), 

p=0.004 

– Compared with susceptible Klebsiella – OR 3.9 (1.1-13.6), 
p=0.03 

• Meta-analysis of 985 patients:   
• attributable mortality 26-44% 

• Mortality with bacteremia >70% 
 

Schwaber , AAC, 2008 

Finkelstein, ECCMID 2007 

Borer, ICHE 2009 

Falagas, EID 2014 



• Too late 

• Too little 



USA  TODAY  Sept 2010 

NHSN report 2009-2010: 12.5% of all Klebsiella reported from HAI are CRE   

Silvert DM.  ICHE 2013 



Press Release 
For Immediate Release: March 5, 2013 
CDC: Action needed now to halt spread of deadly bacteria 
 
“CRE are nightmare bacteria. Our strongest antibiotics don’t work 
and patients are left with potentially untreatable infections,” said 
CDC Director Tom Frieden, M.D., M.P.H.  



March 28th, 2011  
Superbug found in California hospitals 

A deadly superbug, thought to be rare on the West Coast, is appearing in large 
numbers in Southern California, according to a new study. 

Estimated fatalities in 7 months:   356 X 35% = 125 

http://www.cnn.com/HEALTH/
http://thechart.blogs.cnn.com/2011/03/28/superbug-found-in-california-hospitals/


Natural history of CPE spread 

Year of the outbreak EARSS DATA 
Vatopoulus A. Eurosurveillance 2008 
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Israeli epidemic KPC-3 producing Klebsiella 
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Meeting of the IC society Early Feb 2007 

data from several hospitals showing similar 

epidemic curve 



Carbapenem resistant Klebsiellae 
Pneumonia BSI - Israel 
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EARSS report 

Schwaber M. AAC 2008 

700 cases 

44% mortality 

Estimated:  
Incidence: 1600 cases 

Mortality: 700 fatalities (100 per million) 
 



7/3/07 8/3/07 



• Surgeon General meets with all Hospital Directors, 
deputies and head nurses 
– informs them on the seriousness of the problem  
– Nominate a group of professionals as the task 

force to manage the outbreak 
• Adopts the IC guidelines as regulations that goes into 

immediate effect 
 

• Israeli government presented with the plan and 
decides to form the “National Institute for Antibiotic 
Resistance & Infection Control” 
– Regulatory and intervening center 
– Reference laboratory 
– Informatics Center 

 



Mode of action 
• CRE outbreak threaten the ability of the 

healthcare system to provide care 
– Elective surgery, Transplant, Chemotherapy 

• Refer to the hospital CEO’s as the responsible 
for control of CRE 
– All formal communications are with the CEO’s 

• Collaborative effort of the entire IC community 
• Daily reports and feedbacks 
• Laboratory capacity building 
• Visits at all sites 



Israeli Nationwide Intervention  

– To provide regional coordination and 
supervision 

– National guidelines 

– Strict isolation with dedicated staff 

– Rapid identification of carriers  

– by flagging 

– information transfer 

– screening of high risk population  

– Continuous root-cause analysis 



IC guidelines of March 2007 

• All carriers of CRE will be taken care in a stand 
alone isolation unit 

• Dedicated nursing staff not allowed to take 
care of non-carriers on the same shift 

• Other staff and visitors, require to change 
clothing on entry and exist of the unit 

• Daily report to the task force on all the above 



One hospital’s experience –moving from single room 
contact isolation to cohorting with dedicated staff 
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Schechner V, ICAAC 2007 



Daily report by CEO’s office 

Admission and discharge data:  Patient transfer 

• Patients details 

• New/or known carrier 
– Location of acquisition  

• Ward 

• Is marked as isolated 

• Use of gowns 

• Cohorting 

• Dedicated nursing staff 

 



Compliant hospitals succeed in containing spread; 

non-compliant hospitals do not 

These 2 non-compliant 

hospitals responsible 

for 30% of acquisitions 

this month 

Complete 

containment 
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Differences in incidence patterns of CRE acquisitions in 2 

hospitals: 
Both were non-compliant with guidelines in October; 

in November Hospital A continued non-compliance while Hospital B became 
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Incidence vs. colonization pressure 

<60% <60%-90% 

>90% 
Compliance with cohorting  

and dedicated staff 



 

:2010Summary of intervention results  
 

 



Similar effect in all hospitals 



National intervention in post acute 
care facilities: 13 large LTCF  

(2913 beds)   2008 

 

2010 2013 

Infection control score 6.7 10.9 14 

Strategies for prevention of 

CRKP  

   cohorting patients  

   dedicated medical equipment  

   single-use gown 

   admissions screening  

   contact screening  
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Point prevalence carriage 12.5% 8.5% 3.9% 

Ben-David D. 



Improving further the report 



Update on: Schwaber MJ.  CID 2014 



Explosive outbreaks reported upon 
admission of a colonized patient 

 
• Admission of an unidentified carrier of KPC 

Klebsiella and 5 days delay until cohorting led 
to a difficult to control outbreak, involving 30 
patients (6 clinical infections) in 4 wards1 

• Transfer overseas of a known carrier, but 
failure to isolate immediately, resulted in 9 
additional clinical cases 

• Transfer of a colonized patient to NIH hospital  
led to 18 cases, 11 death 

1 Schechner V. ICAAC/IDSA 2008, paper 3806 

2 Morris M. ICAAC/IDSA 2008, paper 1015 

3 Snitkin ES.  Sci Trans Med 2012 

 



Lerner A. JCM 2013 
Rock C. ICHE 2014 

% contamination 
(gowns/gloves) 

Activity 

36% Wound care 

37% Touching catheter 
drain 

20% Touching infusion 
pump 

23% Touching bed rail 



20% of the carriers:  
80% of environmental contamination 

Lerner A. in press CMI 



Case detection 

• Clinical isolates: 
– All Enterobactriaceae isolated in a clinical laboratory 

should be tested for carbapenem susceptibility. 
• Non-suseptibility to ertapenem is a sensitive (but not 

specific) marker for suspected CPE 

• Meropenem MIC >=0.5 is a good marker 

– All suspected CPE should be confirmed in real time 
• At early stages of the outbreak by a reference center 

• If endemicity is established 
– by local lab using validated methodology 

– unusual isolates (phenotype or setting) should be sent to 
reference center 



Screening 

• Rectal swabs containing stool. 
–  Perirectal swabs have lower yield 

• Validated sensitive methodology 

• Results should be reported in 24 at least as: 
negative, suspected, or confirmed CPE, in 
order to not delay infection control activities 

• Mechanisms to ensure that all high risk 
patients were screened should be placed by 
the infection control team 

 



Culture based and Molecular methods 
should complement each other 

• Culture based methods 
– Easily available 
– Processing start soon after specimen receipt 
– Relatively cheap 
– Provides information on phenotype 
– Isolate available for further testing 
– Slow result 
– Requires further testing to confirm CPE 

• Molecular test  
– Rapid result from start of processing 
– Often more sensitive in detection lower load 
– Provide information on genotype 
– Processing time may be delayed 
– May not detect all carbapenamases 
– Often expensive 

 
 



Laboratory algorithm – common 
language and definitions 

Growth of CRE MHT 

+ 

CPE: 
isolate and cohort 

- 

Non-CP-producing CRE: 
isolate w/o cohorting 

OR PCR 

CPE: 
isolate and cohort 

+ 

MHT 

- 

Non-CP-
producing CRE: 
isolate w/o 
cohorting 

+ 

CPE  
(not detected by 
local PCR): 
isolate and cohort 

- 

Reference lab: 
identification/confirmation 



Measures to prevent the spread of CPE 

• Should be tailored to the local epidemiology 
– The stage of the problem 
– Reservoir:  who are the patients at risk 
– What is the mode of spread 

• Interventions 
– Early detection of carriers 
– Containment 
– Decolonization? 
– Formulary interventions? 

• Regional coordination 



The local epidemiology 

• Should be examined periodically by each hospital and by 
regional authorities 
– Surveillance of clinical specimens results 
– Screening of high risk patients data 
– Targeted periodic point prevalence studies  
– Investigation of each positive case 

• Determine the stage of the outbreak 
– No cases or sporadic cases 
– Ongoing outbreak 
– Established endemicity in healthcare setting (regional/inter-

regional spread) 
– Community as a major source of CPE 

• Have a preparedness plan 
 

Adapted from: Carmeli Y. CMI 2010, and Grundmann H. Eurosurviellance 2010   



Epidemiological investigation after 
case detection 

• Determine the likely site and time of acquisition 
– Examine all likely sites in your institution 

• Contact tracing and screening 
– For case detected within 2-3 days in hospital we 

typically screen 8-10 contacts 
– In high risk units (ICU, BMT):  all patients in the unit at 

the “time at risk” are considered contacts 
– Contacts should be traced wherever they were 

transferred to, or if d/c on readmission 

• In case of positive contact:  wider circle of 
screening, and repeated screening  of negative 
contacts (“incubation”) 

 
 

 



Epidemiological investigation of  the 
event 

• Lessons to be learned to  

– facilitate early detection of future cases 

• Missed screen:  improve identification and confirmation 

• Delayed result: discuss with lab 

• New regional “risk factor” 

– prevent future cases 

• Establish preemptive isolation 

• Failure of isolation 

• Regional authorities should be updated to enable 
regional response 

 



Communication is essential for 
successful control 

• Within an institution: 
– Between infection control – wards – lab:  to ensure that 

high risk population are screened ASAP, micro-lab is 
able to process the samples – receive preliminary 
reports and act upon them 

– Hospital administration 

– Across admissions  “flags” of carrier status, or “exposed 
to be screened” 

• Between institutions 
– Reports on outbreaks or endemic institutions 

– History of carriage regarding transferred patients 



Why it is not succeeding everywhere?  Why it 
does not disappear? 

• Human factors 
– Cohorting with dedicated staff, is a difficult 

intervention which requires hospital management 
involvement 

• Clinicians often object to it as the immediate benefit is 
often not seen 

– It is difficult to reach high compliance with 
screening on admission of high risk population 

– Regional collaboration is unusual in medicine 

– Lack of response to failures 

 



• Microbiological obstacles to success 
– Variants which are missed by testing methods 

• Low MICs 
• Carbapenamases which are not targeted by our tests 
• Variation in stool concentration which results in false 

negative screening 

• Lack of leadership 
– Health authority level 
– Hospital administration level 
– Infection control professional level 

• Overcoming the obstacles 
– Regulation and supervision of adherence 
– Health authorities coordinated regional collaboration 
– Expert team to analyze failures at the local and the 

regional level and provide new plans 
 



Summary 
• CPE are here to stay 

– Once introduced have the potential for rapid spread within 
institutions and between institutions 

• The pillars of successful prevention are understanding the 
concurrent epidemiology, and tailoring the local plan: 
– Early reliable detection of carriers 
– Containment  

• in most settings cohorting with dedicated staff 

– Communication 
– Regional coordination 

• God is in the details:  written protocols, education, ensuring 
compliance, root cause analysis of failures  

• Open questions:   
– Control where spread in the community is common 
– The role of formulary interventions 



Formulary interventions/antibiotic 
stewardship? 



• In multivariate analyses CRE is : 
• no correlated with carbapenemse use. 
• Moderately correlated (OR 1.8-4.7) with cephalosporins 


