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surveillance cultures detected a sizable proportion of CRKP
colonized patients that were not identified by clinical cultures.
Recent surgical procedures and patient severity were indepen-
dently associated with CRKP acquisition

Introduction

Acquisition of multidrug resistant microorganisms (MDRO)
is a major threat for hospitalized patients in intensive care
units (ICUs). Possible sources for acquisition of MDRO
include other colonized patients, health care workers and
the ICU environment. Many variables may increase the risk
of MDRO acquisition, such as multiple comorbidities, inva-
sive procedures, presence of indwelling devices, close prox-
imity to a colonized patient, high colonization pressure in
the unit and antibiotic exposure [1–5].

Since the first description of carbapenem-resistant Kleb-
siella pneumoniae (CRKP) in North Carolina in 2001 [6],
several outbreaks have been reported worldwide [7–9]. In a
report from New York, CRKP accounted for one-quarter of
all invasive Klebsiella pneumoniae infections [10]. During
recent years, CRKP has spread in several health care facil-
ities in Israel [11–15]. Recent molecular studies have found
that closely related K. pneumoniae strains carrying blaKPC-
have caused outbreaks in the United States and Israel [12,
16]. The occurrence of a dominant clone in two continents
demonstrates the potential of a single extensively drug-
resistant strain to spread globally. It was suggested that the
acquisition of a blaKPC gene may confer on this isolate of K.
pneumoniae a marked selective advantage that is leading to
its successful dissemination [17]. An alternative hypothesis
is that the strain has some selective advantage (e.g., for
dissemination or for colonization) and blaKPC adds to this
advantage by making the strain more resistant. The high
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Abstract Carbapenem-resistant Klebsiella pneumoniae
(CRKP) has emerged during recent years in several inten-
sive care units. The objective of our study was to determine
the incidence of CRKP and the risk factors associated with
acquisition during intensive care unit (ICU) stay. This pro-
spective cohort study was conducted between May 2007
and April 2008 in a medical-surgical ICU at a tertiary
medical center. Rectal surveillance cultures were obtained
from patients on admission and twice weekly. Of screened
patients, 7.0% (21/299) were CRKP colonized on admission
to the ICU. One hundred eighty (81%) patients were
screened at least twice. Of these, 48 (27%) patients acquired
CRKP during ICU stay. Of the 69 CRKP colonized patients
(both imported and ICU acquired), 29% (20/69) were first
identified by microbiologic cultures, while screening cul-
tures identified 49 patients (71%). Of these, 23 (47%) sub-
sequently developed clinical microbiological cultures.
Independent risk factors for CRKP acquisition included
recent surgery (OR 7.74; CI 3.42–17.45) and SOFA score
on admission (OR 1.17; CI 1–1.22). In conclusion, active



mortality rates associated with CRKP nosocomial infections
[10, 18, 19], has led national organizations to develop inten-
sified strategies to limit further spread in healthcare facilities
[20]. Further understanding of the dynamics of transmission
and risk factors of CRKP acquisition is essential to designing
effective control measures.

During 2006, an epidemic clone of CRKP spread in
Sheba Medical Center. The number of CRKP clinical cases
increased gradually from 3–5 cases each month (1.08/
10,000 patient-days) during the first quarter of 2006 to
22–24 cases each month (6.93/10,000 patient-days) during
the last quarter of 2007 [15]. Twenty percent of patients
have acquired CRKP in intensive care units. Pulsed-field gel
electrophoresis analysis demonstrated the spread of a single
clone in the facility. PCR revealed the presence of blaKPC-3
in all isolates. In May 2007, we initiated a hospital-wide
intervention program, leading to a significant decrease in
nosocomial CRKP acquisition. Of note, the decrease in
acquisition was observed after a period of several months.
During the first period of the intervention we noticed high
rates of acquisition in a medical–surgical ICU. Previous
studies have reported that ICU stay and prior antibiotic
exposure were associated with CRKP acquisition [13, 18].
However, no studies have assessed risk factors for CRKP
acquisition among ICU patients. We therefore undertook
this study to evaluate baseline colonization rates on admission,
cross-transmission rates within an ICU and risk factors associ-
ated with ICU acquisition.

Methods

Setting

Sheba Medical Center is a 1,600-bed tertiary referral hospital.
It is a major center for trauma, neurosurgery, bone-marrow
transplantations and rehabilitation. The 11-bed ICU is both a
medical ICU and a surgical ICU with a large numbers of
trauma patients. The unit is designed as an open ward. The
nurse–patient ratio is 1:2.

Study design and population

We conducted a prospective cohort study of patients admitted
to the ICU from May 2007 through April 2008. We obtained
rectal swab cultures within 72 hours of ICU admission and
twice weekly while the patient was in the ICU, to detect
CRKP colonization. Patients who were colonized with CRKP
prior to admission or with positive cultures during the first
72 hours were defined as imported CRKP. Patients with
negative culture results on the time of admission, who ac-
quired CRKP in subsequent cultures, were defined as acquired
CRKP. Daily colonization pressure was calculated as the daily

number of patients colonized with CRKP divided by the daily
number of patients treated in the ICU. Location of the patients
in the unit was recorded and proximity to another CRKP
colonized patient was defined as hospitalization in an adjacent
bed.

Data collected for all study patients included demographic
characteristics, date of hospital and ICU admission, Charlson
comorbidity score [21] and antibiotic use. For colonized
patients, antibiotic use was collected up until the point of
CRKP detection. Acute physiology and chronic health evalu-
ation II (APACHE score) [22], and the sequential organ failure
assessment (SOFA) score [23] were calculated prospectively
for all patients on admission to the unit. Nosocomial infections
were defined according to the Centers for Disease Control and
Prevention National Nosocomial Infections Surveillance
System [24].

Infection control measures

During the study period, from May 2007 through April 2008,
colonized patients were cohorted in a designated area of the
unit, and contact precautions were used by staff providing care
to the patients.

Microbiology methods

Surveillance cultures were collected on a Copan Amies
sterile transport swab (Copan Diagnostics, Corona, CA)
and transported to the microbiology laboratory. Rectal
swabs were streaked onto MacConkey agar plate (Hy-Lab,
Rehovot, Israel) with meropenem (10μg) and ertapenem
(10μg) disks and were incubated overnight at 35°C in am-
bient air. Bacterial colonies in the area surrounding either
disk were isolated and identified by standard laboratory
methods following Clinical and Laboratory Standards Insti-
tute guidelines [25]. The swabs were also cultured in brain–
heart infusion broth, initially with a disk of ertapenem and
thereafter without any selective substances. After overnight
incubation, a subculture of all the broths was made onto
MacConkey agar plates (Hy-Lab, Rehovot, Israel). All three
carbapenem disks (ertapenem [10μg], meropenem [10μg],
and imipenem [10μg]; Oxoid, UK) were placed on the
plates and incubated for another 18–24 hours. Bacteria
growing in the colonies were identified using routine meth-
ods [25]. All isolates were screened for blaKPC by PCR as
we described previously [26]. We developed and validated a
real-time PCR assay for detecting blaKPC genes. Briefly,
bacterial DNA was extracted from vortexed perianal swabs.
TaqMan technology was used for detecting blaKPC , using
primer sequences that were designed in-house. Sensitivity
and specificity of the real-time PCR was 100% and 95%,
respectively [26].
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Statistical methods

T-test and χ2 test were used for comparisons. Logistic regres-
sion was performed to assess factors independently associated
with ICU CRKP acquisition. All variables associated with
CRKP colonization in the univariate analysis (p <0.2) were
included as candidate variables in the multivariable analysis. A
stepwise model was used. Variables were included in the final
model if they were significant at p<0.05. Analyses were per-
formed using Stata software (Stata Corp., College Station, TX).

Approval for the study was obtained from the local
Research Ethics Committee.

Results

During the study period, 365 patients were admitted to the
ICU. A total of 299 (82%) patients were screened within
72 hours. Of the 278 initially CRKP negative, 223 (80%)
patients had an ICU stay of more than 72 hours. Compliance
with obtaining at least two cultures was 81% (180/223).

Imported CRKP

CRKP was isolated on admission from 21 (7%) of 299
patients. Of these, 5 (24%) patients were previously known
to be colonized. The average length of stay before admission
to the unit of colonized patients and non-colonized patients
was 15.3 (SD ±18.4) and 7.4 (SD ±13.4) (p<0.001),
respectively.

Acquisition in the unit

Forty-eight patients (27%) of the 180 initially CRKP nega-
tive patients acquired CRKP during ICU stay, after a mean
of 9.6 (SD±5.4) days. Of these, 33 (68.8%) were identified
first by screening cultures, while clinical cultures identified
15 patients (31.2%). Fifty percent of acquisitions were
detected within the first week of stay in the unit. During
the study period, there were 24 weeks without acquisitions,
21 weeks with one acquisition, 5 with two acquisitions,
3 weeks with three and 2 weeks with four acquisitions.
The average daily colonization pressure was 32% (SD
17.5%; range 0–71.4%).

Of the 69 CRKP colonized patients (both imported and
ICU acquired), 29% (20/69) were first identified by micro-
biologic cultures, while screening cultures identified 49
patients (71%). Of these, 47% (23/49) of patients subse-
quently developed clinical microbiological cultures. The
median duration between screening cultures and the recov-
ery of clinical microbiologic cultures was 13.6 days (range
2–66 days).

Risk factors for CRKP acquisition during ICU stay

Patients’ demographic and comorbidities characteristics are
shown in Table 1. With respect to age, gender, or underlying
comorbidities, we observed no significant differences be-
tween CRKP colonized and non-colonized groups. There
was a trend towards worse Charlson comorbidity scores in
patients who acquired CRKP during ICU stay (p00.06).
Events that occurred after hospitalization are described in
Table 2. Patients who acquired CRKP had a higher SOFA
score (p00.05) and were more likely to undergo surgery
during hospitalization (p<0.001). A higher colonization
pressure in the unit was measured on the day of admission
among those who acquired CRKP colonization (p00.049).
There was no difference in prior antibiotic exposure or
specific antibiotic exposure. Variables included in the mul-
tivariate logistic regression were myocardial infarction, pep-
tic ulcer, Charlson comorbidity score, SOFA score, prior
antibiotic use, colonization pressure and recent surgery.
Recent surgery (OR 7.74; CI 3.42–17.45) and SOFA score
on admission (OR 1.17; CI 1–1.22) were independent risk
factors for CRKP acquisition.

Outcome

Twenty of 48 (42%) patients who acquired CRKP during
ICU stay developed nosocomial infection with CRKP: nine
catheter associated bloodstream infection, four surgical-site
infections and seven patients developed ventilator associated
pneumonia. Patients who acquired CRKP had a longer length
of stay in the unit. There was no difference both in ICU
mortality rates and in-hospital mortality rates (Table 3).

Discussion

The rapid and extensive spread of KPC-producing Enter-
obacteriacea in several healthcare facilities worldwide is an
alarming phenomenon [27]. While a number of studies have
suggested that hospital acquisition of KPC-harboring iso-
lates is associated with antibiotic exposure and prolonged
length of stay [13, 18], little is known on the dynamics of
CRKP acquisition and transmission in ICUs. We observed
high acquisition rates in a medical-surgical ICU, with more
than a quarter of the patients admitted to the ICU having
acquired CRKP during the study period. Most of the acquis-
itions occurred within the first week. Recent surgical proce-
dures and high SOFA score were independently associated
with acquisition. A high proportion of patients who acquired
CRKP subsequently developed a nosocomial infection during
ICU stay.

We found that active surveillance has identified a large
unrecognized reservoir of CRKP carriers among the ICU
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patients. More than 70% of colonized patients were first
identified by surveillance cultures. Similar to our results,

recent reports have shown that clinical cultures may fail to
identify patients colonized with CRKP [10, 28]. Calfee et al.

Table 1 Comparison of colo-
nized patients with carbapenem
resistant Klebsiella pneumoniae
versus non colonized patients:
demographic and clinical
characteristics

CRKP carbapenem resistant
Klebsiella pneumoniae

Variables Patients acquiring
CRKP colonization

(N048)

Patients not
acquiring CRKP
colonization

(N0132)

P

Demographic
characteristics

Age 51.50 (2.88) 54.50 (1.89) 0.38

Male 32 (69.6%) 74 (66.1%) 0.67

Comorbidities Weight 79.3 (3.73) 76.44 (1.93) 0.46

Myocardial infraction 4 (8.7%) 21 (18.9%) 0.11

Congestive heart failure 6 (13%) 22 (19.8%) 0.31

Stroke 6 (13%) 16 (14.4%) 0.82

Chronic lung disease 8 (17.4%) 23 (20.7%) 0.63

Peptic ulcer 2 (4.3%) 13 (11.8%) 0.15

Diabetes 10 (21.7%) 21(18.9%) 0.69

Chronic renal failure 11 (23.9%) 38 (34.2%) 0.20

Malignancy 7 (15.2%) 24 (21.6%) 0.36

Steroid therapy 7 (15.2%) 22 (19.6%) 0.51

Hemodialysis 5 (10.9%) 11(9.8%) 0.80

Number of hospitalizations
during prior 12 months

0.41 (1.04) 0.42 (0.81) 0.96

Charlson score 4.0 (3.9) 2.6(3.2) 0.06

Table 2 Comparison of colonized patients with carbapenem resistant Klebsiella pneumoniae versus non colonized patients: hospital events

Variables Patients acquiring
CRKP colonization (N048)

Patients not acquiring
CRKP colonization (N0132)

P

Hospital events prior to ICU admission Type of patient

Trauma 17 (35.4%) 36 (27.2%) 0.14

Surgery 19(39.5%) 45 (35.0%)

Medical 12(25.0%) 49 (37.1%)

LOS before ICU, days (SD) 6.06 (1.23) 8.39 (1.49) 0.34

APACHE score (SD) 25.57 (0.85) 25.84 (0.73) 0.84

SOFA score (SD) 8.33 (0.58) 7.09 (0.34) 0.05

Antimicrobial therapy 1 month
prior hospitalization

27 (56.2%) 61 (46.2%) 0.31

Surgery prior to ICU (%) 30(62.5%) 64 (48.4%) 0.13

Dialysis 5 (10.4%) 11 (9.2%) 0.76

ICU events Surgery during ICU stay 28 (58.3%) 17 (12.9%) <0.001

Proximity to a colonized patient 18 (37.5%) 45 (34.0%) 0.72

Colonization pressure (SD) 32.3 (2.06) 27.36 (1.35) 049

Antibiotic use (%) 43 (89.9%) 127 (96.2%) 0.13

Antibiotic exposure (%)

Carbapenem 14 (29%) 42 (32%) 0.85

Pipril tazobactam 23 (47%) 62 (48%) 1

Cephalospornin 11 (23%) 35 (27%) 0.70

Quinolones 16 (33%) 26 (20%) 0.07

Vancomycin 20 (42%) 45 (34%) 0.38

APACHE acute physiology and chronic health evaluation II, CRKP carbapenem resistant Klebsiella pneumoniae, ICU intensive care unit, LOS
length of stay, SD standard deviation, SOFA sequential organ failure assessment score
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recently reported that 37% of patients with CRKP were first
identified by surveillance cultures [29]. Our results suggest
that active surveillance may be an essential part of prevent-
ing the spread of CRKP in the setting of outbreaks or
endemic healthcare facilities. Hospitals that currently have
a low prevalence of CRKP should be aggressive with active
surveillance from the first clinical case and implement rapid
control measures.

Other studies have assessed risk factors of CRKP infec-
tions among hospitalized patients. Antibiotic exposure, pro-
longed length of stay and ICU stay were found to be
independent risk factors [13, 18]. However, most studies
described patients with clinical isolates. Therefore, misclas-
sification of patients identified as control groups may occur.
Recently, a point-prevalence survey conducted in a single
medical center found a carriage rate of 5.4% among 298
hospitalized patients. Risk factors for colonization were
prolonged length of stay, vancomycin exposure and diaper
use. In contrast to other studies, we conducted a prospective
cohort study, focusing on risk factors for CRKP acquisition
during ICU stay. In addition to individual risk factors, we
also examined ecological risk factors including colonization
pressures and proximity to other colonized patients. In con-
trast to the results of prior studies, CRKP acquisition was
not associated with prior antibiotic therapy. This finding
may be related to the high rate of antibiotic exposure during
ICU stay among the total study population (>95%). Thus, it
was not possible to assess the impact of antibiotic exposure.

High colonization pressure was associated with the
spread of antibiotic-resistant bacteria in several studies
[1–3]. A study in a French medical ICU demonstrated that
the weekly colonization pressure was the only independent
predictor for nosocomial methicillin resistant Staphylococ-
cus aureus acquisition [3]. Similarly, a study of vanomycin
resistant Enterococci in a medical ICU concluded that col-
onization pressure was the most important variable affecting
acquisition [2]. The impact of colonization pressure on the
risk of resistant Gram negative bacteria acquisition was not
studied. In the present study, colonization pressure was not

found to be independently associated with CRKP acquisi-
tion. However, on average, more than one third of patients
in the unit were colonized and low colonization rates were
infrequent throughout the study period. Only during 25 days
(7% of the study period), there were no CRKP colonized
patients in the unit. The significant reservoir that was pres-
ent throughout the study period, as well as the open design
of the unit and high antibiotic pressure, may explain the high
acquisition rates [30].

Severity scores were used in several studies to predict the
risk of nosocomial acquisition of resistant microorganisms
[31–33]. Although aggregate comorbidity measures are use-
ful in epidemiologic research [21, 34], none of the existing
measures were developed for the assessment of the risk of
resistant pathogens acquisition. A recent study demonstrated
that both chronic disease score and the Charlson comorbid-
ity index were poor predictors of the risk of nosocomial
infections with methicllin resistant Staphylococcus aureus
or vancomycin resistant Enteroccocci [35]. We found that a
high SOFA score was associated with increased risk for
CRKP acquisition. Similarly, acute severity scores have
performed better than Charlson comorbidity score in predic-
tion of in-hospital mortality [36], and were associated with
increased risk of resistant pathogens among ICU patients
[37].

Prior surgery was found to be an independent risk factor
for CRKP acquisition. There is a possibility that the acqui-
sition occurred in the operation theatre. However, during the
study period there was a low prevalence of CRKP infections
in the surgical wards and it is unlikely that acquisition
occurred there. The association of CRKP acquisition with
recent surgery and high SOFA score may imply complexity
of the patients with multiple contacts with healthcare
workers.

Our study has several potential limitations. First, only
80% of patients were screened. Second, as with any surveil-
lance screening tests, colonization may not be detected by a
single swab due to intermittent colonization or lack of
sensitivity of the test performed. We found that more than
50% of ICU acquisitions have occurred within the first week
of stay in the ICU. Although this may truly represent acqui-
sition of CRKP within the unit, another potential explana-
tion is that these early cases actually represent conversion
from culture negative to culture-positive due to receipt of
broad spectrum antibiotics that selected for CRKP among
colonized persons with low organism burdens that were
undetectable at the time of ICU admission. Third, we
assessed several risk factors including comorbidities, sever-
ity scores on admission to the unit, daily prevalence of
CRKP, proximity to other colonized patients and antibiotic
exposure. However, we did not have data on the average
number of contacts with healthcare workers or compliance
with infection control procedures.

Table 3 Outcomes of patients who acquired carbapenem resistant
Klebsiella pneumoniae colonization versus non colonized patients

Variable Patients
acquiring
CRKP (N048)

Patients not
acquiring
CRKP (N0132)

P

ICU LOS (days) 24.8 (SD 15.9) 13.7 (SD 10.4) <0.001

Hospital LOS (days) 56.7 (SD 41.2) 44.3 (SD 39.8) 0.07

In-hospital mortality 22 (45.8%) 51 (38.6%) 0.86

ICU mortality 17 (35.4%) 37 (28.0%) 0.59

CRKP carbapenem resistant Klebsiella pneumoniae, ICU intensive
care unit, LOS length of stay, SOFA sequential organ failure assessment
score
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To conclude, performance of active surveillance cultures
has detected a large proportion of CRKP colonized patients
who would otherwise not have been identified. Acquisition
was associated with acuity of care and processes of care,
including SOFA score and recent surgery. This important
baseline data may facilitate future interventions necessary to
limit CRKP transmission in this ICU.
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