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Abstract: Carbapenem-resistant Klebsiella pneumoniae (CRKP) is resistant to almost all 

antimicrobial agents, is associated with substantial morbidity and mortality, and poses a serious threat 

to public health. The ongoing worldwide spread of this pathogen emphasizes the need for immediate 

intervention. This article reviews the global spread and risk factors for CRKP colonization/infection, 

and provides an overview of the strategy to combat CRKP dissemination.
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Introduction
During the last decade, carbapenem-resistant Klebsiella pneumoniae (CRKP) has spread 

throughout the world, becoming a matter of great concern. CRKP was first reported in 

the United States in 2001 in North Carolina.1 The first case outside the United States 

occurred in France, where a patient who had been hospitalized in New York carried the 

strain with him.2 Since then, CRKP has been reported in Europe,3–8 the Middle East,9–12 

South America,13,14 and the Far East.15,16 Several outbreaks of CRKP have occurred 

around the world as described in Table 1.3,4,9–11,13,14,16–18 These outbreaks have been 

associated with the plasmid-encoded carbapenemase K. pneumoniae carbapenemase 

(KPC), a carbapenem-hydrolyzing β-lactamase.19 CRKP isolates are resistant to almost 

all available antimicrobials. These isolates are susceptible only to polymyxins and 

tigecycline; a minority are also susceptible to the few remaining aminoglycosides, 

though resistance to these agents is worrisomely increasingly reported.20,21

K. pneumoniae, an inhabitant of the gastrointestinal tract, skin, and nasopharynx, 

can cause infection in many parts of the body, including urinary tract infections,  hospital 

acquired pneumonia, intra-abdominal infections, wound infections, and primary 

 bacteremia.22–24 Initially, CRKP seemed to be limited to causing hospital acquired 

infections, though further on, CRKP has spread in different health care systems, 

including long-term care facilities.25–29 The mortality rate of CRKP infections (mainly 

bacteremia) seems strikingly high, 30%–50%.17,30–32

Predictors for CRKP colonization
Several investigators have evaluated predictors for CRKP colonization. The following 

summarizes various studies.

•	 Poor functional status, intensive care unit (ICU) stay, and the recipient of antibiotics 

were predictors of CRKP colonization in a study by Schwaber et al.31 Exposure to 

fluoroquinolones was independently predictive of CRKP isolation.
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•	 Nursing home residency before hospital admission, 

bedridden status, and previous antibiotic therapy were 

demonstrated to predict CRKP colonization in a study 

by Borer et al.33

•	 Previous use of carbapenem and cephalosporin were 

found to predict CRKP colonization in a study by Kwak 

et al.34 Nosocomial isolation of CRKP was strongly 

favored by the selection pressure of carbapenem. In this 

study, prior treatment with fluoroquinolones was associ-

ated with decreased risk for the emergence of CRKP.

Risk factors for CRKP infection
Risk factors for acquisition of CRKP infection by patients 

initially colonized with CRKP have been researched, results 

are listed below.

•	 Diabetes mellitus, solid tumors, previous invasive pro-

cedures, tracheostomy, urinary catheter insertion, and 

antipseudomonal penicillin therapy were risk factors for 

the acquisition of CRKP infection in a study by Borer 

et al.33 Carbapenem use was strongly predictive of CRKP 

infection.

•	 ICU admission (within 2 weeks) or prior exposure to 

carbapenems or glycopeptides were independent risk 

factors for the acquisition of nosocomial CRKP infections 

in a study by Wu et al.35

•	 Antibiotic use, especially colistin, presence of a urinary 

catheter, surgery, invasive procedures, and ICU admis-

sion were risk factors for the acquisition of CRKP infec-

tion in a study by Shilo et al.22

•	 In a multivariate analysis, prior use of macrolides and 

any antibiotic exposure $14 days remained the only 

independent factors associated with CRKP bacteremia 

in a study by Hussein et al.36 In a univariate analysis, 

CRKP bacteremia was associated with hematological 

Table 1 Outbreaks of CRKP described around the globe

Reference Country Year of  
outbreak

Number  
of cases

Intervention

Samra et al9 Israel 2006 90 Active surveillance for CRKP at a national level was suggested 
(implemented from February 2007).

Zhang et al16 People’s Republic  
of China

2007 28 Not available.

Souli et al17 Greece 2007–2008 50 Point prevalence survey of environmental colonization of CRKP 
conducted in ICU. 
Infection control measures were intensified throughout the hospital. 
Dedicated infection control personnel to ensure hand hygiene, contact 
isolation, environmental cleaning. 
Cohorting of colonized or infected patients when possible. 
Carbapenem restriction enforced.

Gregory et al13 Puerto Rico 2008 26 Active surveillance for CRKP colonization, cohorting of CRKP patients.
Lopez et al14 Colombia 2008 84 Investigation for source patient. 

Isolation, barrier precautions, surveillance cultures for all ICU patients.
wiener-well  
et al10

Israel 2009 16 Point prevalence survey. 
Oral, perianal, and rectal swabs obtained from all hospitalized patients.

Carbonne  
et al18

France 2009 13 Limiting transfer of cases and contact patients to other wards. 
Cohorting separately cases and contact patients. 
Reinforcing hand hygiene and contact precautions. 
Systematic screening of contact patients.

Robustillo  
Rodela et al3

Spain 2009 7 Stool surveillance cultures from patients and staff. 
Hand swabs taken from staff and patients’ relatives. 
environmental samples. 
Patients placed in single rooms under contact precautions and daily 
washing with 4% chlorhexidine soap. 
Alcohol-based disinfectant used on surfaces.

Steinmann  
et al4

Germany 2010 7 Cases were isolated in single-bedrooms with strict contact precautions. 
Barrier nursing. 
Contact precautions also for patients who shared a room with a case. 
weekly surveillance cultures from all ICU patients and for patients who 
moved wards during hospitalization. 
environmental investigation.

Balkhy et al11 Saudi Arabia 2010 20 Strict contact isolation, intensifying hand hygiene compliance, CRKP 
active surveillance, staff education.

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; ICU, intensive care unit.
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malignancy, chronic renal failure, chronic liver disease, 

previous bone marrow transplantation, longer length of 

stay before the onset of bacteremia, receipt of mechanical 

ventilation, central venous catheterization, dialysis, and 

stay in the ICU or hematology department.36

•	 Independent predictors of subsequent carbapenem-resis-

tant Enterobacteriaceae (CRE) infection were admission 

to the ICU, having a central venous catheter, receipt of 

antibiotics, and diabetes mellitus in a study by Schechner 

et al.37

Persistent CRKP colonization
Persistent gastrointestinal carriage of CRKP is associated 

with (any) catheter use and a low functional status. It is 

more common in patients with recent CRKP acquisition 

(#4 months) and related to residence in a long-term care 

facility.38 Multiple hospitalizations and CRKP disease extend 

the duration of carriage, with colonization detected after 

12 months in 39% of carriers.39

Dissemination of CRKP represents a serious threat to 

public health.40,41 The fact that CRKP strains have spread 

worldwide, the lack of proven clinically efficacious antibiot-

ics, and the presence of gene-encoded KPC enzymes residing 

on transmissible plasmids makes the control of CRKP infec-

tions an imperative task of health care systems.42

The Centers for Disease Control and Prevention, as well 

as a meeting of national experts in Europe, have published 

new infection control recommendations and strategies to 

combat this public health concern.40,43 We aim to present a 

multifaceted intervention strategy to limit and control CRKP 

spread in health care systems based on these guidelines, the 

Israeli nationwide intervention, our personal experience, and 

the current literature.

Strategy for preventing CRKP 
dissemination in hospitals
We suggest applying a comprehensive infection control 

intervention in acute care hospitals, comprising of bundles 

of infection control measures:

1. Flagging system

a. Active surveillance culture on hospital admission

b. Pre-emptive contact isolation pending cultures

2. Building of cohort space or ward for CRKP positive 

patients

3. Intensive active surveillance in high-risk wards

4. Epidemiological investigations

5. Staff education

6. New antibiotic restriction policy

7. Addressing risk factors

8. Other interventions.

In addition, a dedicated full-time infection control 

practitioner is needed to handle the collection and daily 

analysis of data.

Flagging system
On entering the emergency room, a clerk identifies high-risk 

patients (prior to hospital admission) and places an identification 

mark (ie, a red sticker) on the patient’s chart. High-risk patients 

for CRKP colonization include patients transferred from other 

hospitals, patients who were hospitalized in other hospitals 

in the past 6 months, and patients residing in long-term care 

facilities. Risk factors are then verified by nurses who sign the 

verification stamp. Patients known to be colonized with CRKP 

within the past 12 months, who do not have a negative rectal 

polymerase chain reaction (PCR), are admitted to the cohort.

Active surveillance culture  
on ward admission
Rectal cultures using rectal swabs are performed for all 

high-risk patients on ward admission by the ward’s nurse. 

Cultures are sent directly to the bacteriology laboratory for 

prompt CRKP identification.

Pre-emptive contact isolation  
pending cultures
All high-risk patients are placed in pre-emptive isolation in 

the wards pending admission surveillance culture results. 

Strict contact precautions are applied (ie, use of gown and 

gloves by health care workers); signage is applied on the 

entrance to the high-risk patient’s room; 1:4 ratio of trained 

nurses to patients; a dedicated housekeeping team. Patients 

with a positive rectal culture for CRKP are transferred to a 

cohort area for maximal contact isolation. Patients with a 

negative rectal culture for CRKP remain in the ward and are 

treated using standard precautions.

Building of cohort space or ward  
for CRKP positive patients
Cohort space should be designed as a separate ward or as 

part of an existing ward, sectioned off with clear signage. 

The number of beds should address the expected number 

of patients. An exclusively dedicated nursing staff should 

be assigned. The cohort is supplied with its own equipment, 

including an X-ray machine, electrocardiogram machine, 

and monitors. Disposable stethoscope, blood pressure cuff, 

and thermometers should also be supplied. The physician in 
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charge is not fully dedicated to the cohort, but complies with 

strict contact precautions. Strict patient isolation is applied by 

the dedicated nursing personnel. A dedicated housekeeping 

team is trained for cleaning and disinfecting CRKP positive 

patients’ units during hospitalization and after discharge.

Environmental disinfection using 2,000 ppm chlorine for 

10 minutes is done twice daily; 70% alcohol is used for com-

puters and monitors. Patients undergo daily whole-body disin-

fection with antiseptics (chlorhexidine); this method has been 

proven efficacious in preventing bloodstream infections.44,45

Visitors require patient permission and are educated about 

hand hygiene, use of gowns, gloves, etc. It is best to limit 

visitors’ number to a minimum. Immune suppressed people 

and children are not allowed to enter the cohort space.

All hospitalized patients colonized/infected with CRKP 

are transferred to this ward if their medical condition allows 

(providing the cohort ward can continue the treatment they 

received up to this point).

Intensive active surveillance  
in high-risk wards
High-risk wards identified by CRKP incidence are targeted 

for interventions, such as ICUs and step-down units.46–48 

In our hospital, neurology and geriatric wards were also 

included.42 All patients in these wards undergo rectal cultures 

for CRKP detection on admission and once weekly until they 

are discharged (to detect in-hospital transmission). Patients 

with a rectal culture positive for CRKP should be transferred 

to a cohort area for maximal contact isolation.

Epidemiologic investigations
Identification of new CRKP colonized/infected patients 

within the hospital prompt an immediate and intensive review 

of case and contacts by the infectious control practitioner, 

enforcement of compliance with hand hygiene, contact pre-

cautions, and disinfectant protocols. Rectal cultures from 

patients who shared a room with the case are performed due 

to the possibility of cross-infection between roommates. The 

timely identification of colonized and/or infected patients is 

critical to the success of interrupting cross-transmission of 

CRE in health care facilities.23

In the case of an outbreak or clusters, cultures of health 

care workers’ hands and environmental cultures are per-

formed at the discretion of the hospital epidemiologist.

Staff education
Physicians, staff nurses, nursing aids, and housekeeping teams 

all receive training on the relevance of CRKP and its route 

of transmission.49 Familiarizing health care personnel with 

proper hand hygiene technique as well as its rationale is very 

important.40 Pamphlets explaining hand hygiene are placed in 

relevant areas for staff and family. Hand hygiene adherence 

is monitored and feedback is provided, ensuring maximal 

compliance. Hand hygiene stations are readily accessible 

(clean sinks and/or alcohol-based hand rubs).40 Revision 

and strict adherence to contact precautions is of paramount 

importance; this should also be monitored.

Antibiotic restrictive policy
We advise restriction of carbapenem use by infectious dis-

eases specialists, using rigorous policy enforcement where 

approval of empiric carbapenem use requires the agreement 

of two infectious diseases physicians. We have also limited 

the number of carbapenems for use; meropenem is the only 

agent of this class available in our hospital.

Addressing risk factors
Early identification of risk factors for subsequent infection 

among CRKP-colonized patients can help in control-

ling modifiable risk factors (ie, central catheters, urinary 

catheters, invasive procedures, antibiotic use) and target-

ing appropriate empirical therapy to minimize morbidity 

and mortality.

Other interventions
Selective digestive decontamination of the gastrointestinal 

tract with oral gentamicin50 or a combination of oral gentami-

cin and colistin51 may be used cautiously in a selective patient 

population, such as transplant recipients or immunocompro-

mised patients colonized with CRKP pending chemotherapy, 

as well as patients colonized with CRKP who require major 

intestinal or oropharyngeal surgery.

These interventions have greatly reduced the incidence 

of colonization and clinical infection with CRKP:

•	 Ben-David et al used active surveillance during a 

hospital-wide outbreak of CRKP and showed a 4.7-fold 

decrease in the incidence of clinical infection, from 6.93 

to 1.8 cases per 10,000 patient days.46

•	 Borer et al used a multifaceted strategy during a hospital-

wide outbreak of CRKP and reduced the infection density 

from 5.26 to 0.18 cases per 10,000 patient days.42

•	 Ciobotaro et al used a multidisciplinary intervention to limit 

the spread of an epidemic CRKP strain and had a 16-fold 

decrease in CRKP incidence, from 6.6 to 0.5 clinical 

cases per 10,000 patient days, sustained for 30 months.52 

Cross-infection decreased from 6.0% to 2.7%.
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•	 Schwaber et al and the Israeli CRE Working Group 

enforced the Israel Ministry of Health guidelines 

mandating physical separation of hospitalized carriers of 

CRE and dedicated staffing and appointed a professional 

task force charged with containment.19 The monthly 

incidence of nosocomial CRE was reduced from 55.5 to 

11.7 cases per 100,000 patient days within 15 months.

•	 Munoz-Price et al used a bundled intervention to 

control an outbreak of CRKP, successfully prevent-

ing horizontal spread of CRKP in a long-term acute 

care hospital despite ongoing admission of patients 

colonized with CRKP.49

•	 Kochar et al assessed the effect of enhanced infection con-

trol measures with screening for gastrointestinal coloniza-

tion on limiting the spread of CRKP in a New York hospital 

endemic for this pathogen. These combined measures 

were helpful in reducing the incidence of CRKP in an ICU 

endemic for CRKP from 9.7±2.2 to 3.7±1.6 new patients 

per 1,000 patient days per quarter.53

CRKP is not limited to acute-care facilities; control of 

CRKP in long-term care facilities seems to be an essential 

part to limiting and controlling the spread of this pathogen. 

Many components of the bundles used in hospitals to combat 

CRKP could probably be applied successfully in long-term 

care facilities. Working together on a local and regional level 

using a multifaceted approach should provide us with better 

tools to limit the spread of CRKP.

Disclosure
The authors report no conflicts of interest in this work.
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