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Abstract

The natural history of KPC-producing Klebsiella pneumoniae (KPC KP) carriage is unknown. We aimed to examine the duration of KPC KP

carriage following hospital discharge and to study the risk factors for persistent carriage. A cohort of 125 KPC KP carriers was followed

monthly for between 3 and 6 months after discharge from an acute-care hospital. Rectal swabs and data were collected at baseline and at

each visit. KPC KP was detected by culture and direct blaKPC PCR. Acquisition time was regarded as the earliest date of KPC KP isolation.

Resolution of carriage was defined as a negative KPC KP test in at least two consecutive samples. Analyses were separated for recent

(<4 months) (REC, 75 patients) and remote (� 4 months) (REM, 50 patients) acquisition groups. Risk factors for persistent carriage were

examined by survival analyses for the REC group and by prevalence methods for the REM group. The mean age of patients was 67.5 years

and 49.6% were male. Forty-six (61%) patients in the REC group and 14 (28%) in the REM group were persistent carriers (p < 0.001). A

significant risk factor for persistent carriage identified in both the REC and REM groups was the presence of any catheter (p < 0.05). Unique

risk factor groups included long-term care facility (LTCF) residence (p < 0.01) and a low functional status as measured by the Barthel’s

index (p < 0.05) in the REC group and high Charlson’s score in the REM group (p < 0.05). Out of the entire 100 patients who had at least

one negative sample, only 65 remained negative on subsequent cultures. In conclusion, persistent carriage of KPC KP is associated with

catheter use and a low functional status; it is more common in patients with recent acquisition and is related to LTCF stay. A single negative

KPC KP test is insufficient to exclude persistent carriage.
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Introduction

The first cases of Klebsiella pneumoniae carbapenemase

(KPC)-Klebsiella pneumoniae were reported from the mid-

Atlantic region of the United States between 1997 and 2000

[1–3]. Since then, KPC-producing K. pneumoniae (KPC KP)

have spread and become endemic in several countries in

Europe, the Middle East, Asia and South America [4,5]. This

epidemic is caused by a predominantly monoclonal dissem-

ination of the Sequence-Type (ST)-258 and its Clonal

Complex (CC) [6–8], which is still by far the dominant

clone in Israel [9].

Carriage of KPC KP in the gastrointestinal tract is important

for several reasons. First, it may precede and possibly serve as

a source for subsequent clinical infection in approximately 9%

of carriers [10,11]. Second, carriers may serve as an important

reservoir for dissemination of KPC KP in healthcare facilities

[12–14]. Consequently, active surveillance for carriage of KPC

KP and other carbapenem-resistant Enterobacteriaceae (CRE)

has become an integral part of local and national programmes

designed to control the spread of CRE in the healthcare setting

[14–17].
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Very little is known about the duration of carriage of KPC

KP and of the risk factors associated with persistent carriage.

We have recently published a study on a cohort of 59 known

CRE carriers and found that 23 of them (38%) were positive at

their subsequent hospital admission [18]. Persistent carriers

were more likely to be admitted from another healthcare

facility, had a higher rate of recent antibiotic exposure and had

a shorter duration of time from first detection of CRE to

admission [18]. This study sampled patients at their second

hospital admission and therefore did not examine the overall

natural history of CRE carriage.

In the current study, we followed systematically a cohort of

previously known KPC KP carriers following their hospital

discharge. Our aims were (i) to examine the duration of

carriage of KPC KP and (ii) to study the risk factors for

persistent carriage.

Methods

Setting, patient selection and collection of surveillance

specimens

The study was conducted at the Tel Aviv Sourasky Medical

Center (TASMC), a 1200-bed tertiary care hospital, and at the

Reut Hospital, a 300-bed long-term care facility (LTCF), both

in Tel Aviv, Israel. In this prospective, observational, cohort

study, previously known carriers of KPC KP were identified

using the computerized database of the TASMC and the

National registry of KPC-KP carriers [17]. Patients were asked

to enroll and provide a written informed consent. Patients

who were unable to give an informed consent (e.g. critically ill

patients) were not approached. Surveillance KPC KP rectal

cultures were collected as previously described [19] at five

time-points: before discharge, and at 2 weeks, 1, 2 and 3

months following hospital discharge (Fig. S1). A selected group

of persistently KPC KP positive patients (positive on their 4 or

5th tests) was sampled also at a sixth time period. Data were

collected at enrollment and at each time-point by a patient’s

enrollment form that included demographics, exposures to

antibiotics, underlying conditions and invasive devices, as well

as the Barthel’s (ADL) index [20] and the Charlson’s co-

morbidities score [21], and a follow-up form that included

questions regarding recent (<1 month) use of an invasive

device or antibiotics and LTCF residence. The study was

approved by the institutional ethical committee.

Microbiological and molecular methods

A nylon flocked swab system with liquid Amies medium

(eSwab; Copan, Brescia, Italy) was used for rectal sampling, and

was immediately transferred to the laboratory and processed.

Swabs were streaked onto CHROMagar-KPC Plates (HyLabs,

Rehovot, Israel) and into a 3-mL Brain-Heart Infusion (BHI)

broth tube and were incubated overnight at 36°C. CRE

suspicious colonies were identified and processed, including a

blaKPC-PCR, as previously described [19], with the exception

that a manual biochemical kit (Enterotest; HyLabs) was used

for species identification. In addition, blaKPC-PCR was per-

formed from the BHI broth [22].

Data analysis

Clearance of KPC KP carriage was defined as at least two

consecutive negative cultures and blaKPC-PCR tests without

any subsequent positive test in accordance with the Israeli

National Guidelines [23]. The time to clearance was deter-

mined as the time from first detection of KPC KP until first

negative KPC KP test of the two consecutive negative tests.

For the analyses, patients were divided into two groups,

according to the time from first identification of KPC KP, by

either surveillance or clinical cultures, to the time of hospital

discharge: acquisition of KPC KP at less or more than

4 months from discharge was considered recent (REC) or

remote (REM), respectively (see Fig. 1). This division was

undertaken as survival analysis was deemed inappropriate for

the patients with remote acquisition. Associations between

REC/REM groups and other baseline demographic and clinical

variables were evaluated with analysis of variance, Kruskal–

Wallis or chi-squared tests. In the REC group, the association

between the baseline demographic and clinical variables and

time to KPC KP clearance is presented as Kaplan–Meier

curves and compared using the Log Rank test. Cox propor-

tional hazards models were constructed to evaluate the

adjusted effects as hazard ratios (HRs) and 95% confidence

intervals (CIs). Variables with p value of < 0.1 in the univariate

FIG. 1. Time interval from initial detection of KPC-producing

Klebsiella pneumoniae (KPC KP) to enrollment. The 4-month time-

point is marked by an arrow.
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analysis entered the multivariate model. In addition, variables

that were considered to be critical factors (age, log of the time

from first KPC KP detection to enrollment and recent use of

antibiotics) were also added. Use of an invasive device, use of

antibiotics and LTCF residence were treated as time-depen-

dent variables.

In the REM group, the association between the baseline

demographic and clinical variables and KPC KP clearance was

compared using similar methods to those described for REC/

REM group comparisons. Multivariate analysis was constructed

with similar criteria to those described above, using a binary

logistic regression model. The 95% CI for the HR of the

Charlson’s score was incalculable due to the low number

(n = 1) of the reference group.

Results

Patients’ and isolates’ characteristics

The study was conducted from December 2008 through to

January 2011, enrolling 125 patients with previous identifica-

tion of KPC-KP 1. All patients that were approached had

agreed to participate in the study and had completed the initial

sampling and data collection. Of these, 83 have completed the

five follow-up tests and 42 patients did not: 28 have died and

14 have dropped out. An additional sixth test was performed

in 30 persistently positive patients. The time intervals between

first detection of KPC KP and enrollment are presented in

Fig. 1. Accordingly, 75 and 50 patients were included in the

REC and REM groups, respectively. The clinical and

demographic characteristics of these patients are presented

in Table 1. Compared with the REM group, patients in the REC

group had a higher rate of positive KPC KP test at enrollment

(71 vs. 20%, p < 0.001), higher rate of antibiotic treatment in

the preceding month (80% vs. 56%, p < 0.01), higher rate of

LCTF discharge (70.7 vs. 51%, p < 0.05) and a higher post-

discharge mortality rate (32 vs. 12%, p = 0.01). Patients in the

REC group tended to have an overall higher Charlson’s score,

but the difference was not statistically significant (p = 0.08). In

addition to KPC KP, KPC-producing E. coli was isolated in five

samples, taken from four patients.

Duration of KPC KP carriage following hospital discharge

Overall, 544 rectal samples were collected, of which 225 (41%)

were positive. The percentages of KPC KP positive tests as a

function of the time from first detection of KPC KP and

sampling schedule are presented in Fig. 2. The percentage of

positive results declined with increased time from first KPC

KP detection (Fig. 2a). The percentage of positive results also

declined from the first (enrollment) test up to the fifth

(3 months) test (Fig. 2b). The sixth sample was taken from 30

persistent carriers (median time from the fifth sampling,

61 days; interquartile range (IQR), 38–63); 21 tests (70%)

were found to be positive.

Overall, resolution of carriage (e.g. two consecutive nega-

tive tests with no subsequent positive test) was documented

for 65/125 (52%). Resolution of carriage was documented in

29/75 (39%) and 36/50 (72%) of the REC and REM patients,

respectively (p < 0.001). The rates of resolution were similar

in the 83 patients that had completed the five-point follow-up:

21/45 (46%) and 30/38 (79%) in the REC and REM patients,

respectively. To evaluate the validity of this criterion, we

examined the number of patients who fulfilled it but subse-

quently had positive testing and compared it to using one or

three consecutive negative tests as criteria (Table 2). Overall,

KPC KP clearance was correctly defined (e.g. no subsequent

positive test) at higher rates in the REM group than in the REC

group; the rates increased with increased number of negative

TABLE 1. Demographic and clinical characteristics of

patients at enrollment

Variable

REC
groupa

(n = 75)

REM
groupb

(n = 50) p-value

Male (%) 36 (48.0) 26 (52.0) 0.661
Mean age (SD) 69.8 (18.0) 64.2 (20.9) 0.099
Median time (days) from KPC KPc

identification to enrollment (25–
75% interval)

26 (11–46) 419 (333–662) p < 0.001

Negative KPC KP test at
enrollment (%)

22 (29.3) 40 (80.0) <0.001

ADLd (Barthel’s) index, no. (%)
0–5 35 (46.6) 22 (44.0) 0.958
5–50 20 (26.7) 14 (28.0)
>50 20 (26.7) 14 (28.0)

Charlson’s score, no. (%)
0 (%) 11 (14.7) 15 (30.0) 0.080
1–5 (%) 40 (53.3) 25 (50.0)
>5 (%) 24 (32.0) 10 (20.0)
Invasive device present (%) 45 (60.0) 27 (55.1) 0.589
Surgical procedure in the
last year (%)

35 (46.7) 19 (38.0) 0.338

Admission from an LTCFe (%) 41 (54.7) 21 (42.0) 0.165
Carriage of resistant bacteriaf(%) 12 (16.0) 9 (18.0) 0.770
Antibiotic treatment during the
month before enrollment (%)

60 (80.0) 28 (56.0) 0.004

Specific antibiotic during the month before enrollment
Penicillin (%) 19 (25.7) 8 (16.0) 0.200
b-lactams/b-lactamase inhibitors 3 (4.1) 3 (6.1) 0.614
Cephalosporin (%) 27 (37.0) 11 (22.4) 0.089
Carbapenem (%) 11 (15.1) 3 (6.1) 0.129
Quinolones (%) 10 (13.7) 7 (14.3) 0.927
Aminoglycosides (%) 13 (17.8) 8 (16.3) 0.832
Metronidazole (%) 10 (13.7) 4 (8.2) 0.347
Macrolides (%) 10 (13.7) 2 (4.1) 0.121
Median duration of hospitalization,
days (25–75% interval)

19 (7–44) 11 (7-218) 0.780

Discharge to an LTCFe (%) 53 (70.7) 25 (51.0) 0.027
Early drop-out (%) 11 (14.7) 6 (12.0) 0.670
Deceased (%) 25 (33.3) 6 (12.0) 0.007

aREC, the recent KPC KP acquisition group (<4 months prior to enrollment).
bREM, the remote KPC KP acquisition group (more than 4 months prior to
enrollment).
cKPC KP, KPC-producing Klebsiella pneumoniae.
dADL, activities of daily living index.
eLTCF, long-term care facility.
fResistent bacteria, including methicillin-resistant Staphylococcus aureus, vancomy-
cin-resistant enterococci and carbapenem-resistant Acinetobacter baumannii.
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tests, although the number of patients available for the analysis

had declined.

Risk factors for persistent KPC KP carriage following recent

acquisition

The rate of persistent KPC KP carriage was studied in the REC

group and included all the variables detailed in Table 1 by

survival analysis. Significant risk factors at enrollment included

low ADL (Barthel’s) index, the presence of an invasive device,

admission from an LCTF and discharge to an LTCF (Fig. 3).

Recent use of antimicrobials, either at enrollment or during

the follow-up period, was not associated with persistent

carriage. In all of these variables, persistence of KPC KP

carriage at the end of the follow-up was found in c. 50% of

patients with the unfavourable characteristics, compared with

c. 20% of patients with the favourable characteristics. The ADL

index correlated significantly with the place of residence and

the presence of an invasive device. A multivariate analysis that

included the significant variables from the unadjusted analysis

as well as the three critical variables (see in ‘Methods’) was

constructed. Taken apart, the ADL index, LTCF residence and

the presence of an invasive device were identified as significant

risk factors (Table S1a–c). However, none of these variables

remained statistically significant in the joint model, as a result

of significant correlation between the variables (data not

shown).

Risk factors for persistent KPC KP carriage following remote

acquisition

The rate of persistent KPC KP carriage was studied in the REM

group and included all the variables detailed in Table 1.

Persistent carriers (n = 14) were more likely to have an invasive

device at enrollment (10/14 (76.9%) vs. 17/36 (47.2%),

p = 0.065). Persistent carriers had a higher Charlson’s score

compared with non-carriers: score 0–1 (7%) vs. 14 (39%), scores

1 to 5–9 (64%) vs. 16 (44%) and scores higher than 5–4 (29%) vs.

6 (17%) (p = 0.087). Interestingly, persistent carriers were less

likely to have a surgical procedure in the preceding year (2/14

(14%) vs. 17/36 (47.2%), p = 0.031). In multivariate analysis, the

presence of an invasive device (HR = 7.69, 95% CI, 1.03–50;

p = 0.046) and high Charlson’s score (HR = 111.11 and 200 for

scores of 1–5 and >5 compared with 0, respectively; p < 0.05;

the 95% CI was incalculable due to the small reference value)

were identified as independent risk factors.

Discussion

Very little is known about the duration of and the risk factors

for persistent gastrointestinal carriage of KPC KP, as well as

(a)

(b)

FIG. 2. The rates of KPC-producing Klebsiella pneumoniae (KPC KP)-

positive samples. (a) The rates of KPC KP-positive samples according

to the time from initial identification of KPC KP. (b) The rates of KPC

KP-positive samples according to the sampling schedule. The numbers

of patients are indicated inside the bars. The time of the sixth test

reflects the median time interval.

TABLE 2. Validity of different criteria for defining clearance

of KPC KP carriage

Criteriaa
Study
group

Total number
of patients, n

Patients with
negative tests, n

Patients with
KPC KPb

clearance, n (%c)

1 � 2 tests � 1 negative test
RECd 69 54 29 (54)
REMe 49 43 36 (84)

2 � 3 tests � 2 negative tests
REC 55 31 25 (81)
REM 42 36 32 (89)

3 � 4 tests � 3 negative tests
REC 52 19 16 (84)
REM 39 31 29 (94)

aCriteria, number of consecutive negative tests (without subsequent positive test)
necessary for defining clearance of KPC KP carriage.
bKPC KP, KPC-producing Klebsiella pneumoniae.
c%, ratio of the number of patients with KPC KP clearance to the number of
patients with negative tests.
dREC, recent (<4 months) KPC KP acquisition group.
eREM, remote (>4 months) KPC KP acquisition group.
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other types of resistant gut bacteria, in non-hospitalized

patients. In the present study, a cohort of previously known

KPC KP carriers was followed-up by serial rectal cultures for

3 months after hospital discharge. We found that the rate of

positivity is highest (74%) when the test is carried out within

30 days of first KPC KP isolation, but declines to <30% once

the time interval is over 6 months (Fig. 2b). Accordingly,

patients with remote acquisition of KPC KP were less likely to

remain positive in subsequent samplings, as was also reported

by Schechner [18] and Ben-David [24]. These patients also had

lower Charlson’s score, had a lower mortality rate and were

more likely to be discharged to their homes. The difference in

the rates of persistent carriage at the time of enrollment

between the two acquisition groups, is probably a reflection of

the fact that patients that had survived long enough following

the initial KPC KP acquisition, are healthier in general and thus

less likely to be exposed to the various risk factors for

persistent carriage.

Hypothetically, repeated positive KPC KP testing may result

from either persistent carriage in the individual patient or from

reacquisition from other patients. The latter is especially of

great concern in Israel, as our national policy is to group

previously known carriers in a single ward [17]. A supporting

finding for the role of reacquisition, is the association between

residence at an LTCF and persistence carriage in the REC

group, which was also reported by Schechner et al. [18]. The

average prevalence of KPC KP carriage in the major LTCFs in

Israel was reported to be 17% [24], much higher than the

prevalence reported in two general hospitals in Israel even at

the peak of the KPC KP epidemic [13,25]. New acquisition of

KPC KP was detected in 12% of LTCF patients, and was

especially common in institutions with high prevalence of KPC

KP carriage or in patients that shared a room with a known

carrier [24]. Hence, it is likely that even following resolution of

carriage in an individual patient, patients may still get re-

infected during their subsequent admission, especially if they

are admitted to an LTCF with a high prevalence of KPC KP

carriage.

Low functional status (ADL index), high co-morbidity index

(Charlson’s score) and the presence of an invasive device

were identified as risk factors in the REC group, the REM

group and in both groups, respectively. These factors were

not identified as risk factors for persistent carriage by

Schechner et al. [18], but they were identified as risk factors

(a) (b)

(c) (d)

FIG. 3. Risk factors for persistent carriage of KPC-producing Klebsiella pneumoniae (KPC KP) in the recent acquisition (<4 months) group (n = 75).

Kaplan–Meier estimates for cumulative survival function for clearance of KPC KP. (a) The Barthel’s (ADL) index (presented here in three categories);

(b) the presence of an invasive device; (c) pre-admission residence (home vs. long-term care facility (LTCF)); (d) discharge destination (home vs.

LTCF).
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for KPC KP acquisition [13,26]. Although ADL and an invasive

device were correlated with residence in an LTCF in the REC

group, their association with persistent KPC KP carriage is

not entirely clear, as residence in an LTCF was not identified

as a risk factor in the REM group. This suggests that patients

with poor functional status and co-morbidity conditions are

more likely to remain colonized by hospital-acquired organ-

isms, such as KPC KP.

An intriguing difference between our study and previous

reports [18,24] is the lack of association between persistent

carriage and recent antibiotic therapy. This was also reported in

a study that looked into the duration and risk factors for

persistent carriage of ESBL-producing Enterobacteriaceae [27].

A likely explanation is the very high rate of recent antibiotic

therapy in all of our patients, especially in the REC group (80%).

Accurate and reliable determination of resolution of

carriage is important for both the individual patient and the

medical institution, especially when a policy of carriers

cohorting is implemented. Our findings indicate that a single

negative test cannot serve as a reliable indication for resolu-

tion, as only 65 patients out of 97 with two tests (67%) did not

have a subsequent positive test. This rate increased with

increased number of negative tests and in patients with remote

acquisition. The total number of tests and the duration of

follow-up in our study are not sufficient to determine the

exact number of tests that are required for defining KPC KP

clearance. However, our risk factor analyses can indicate

patients that are less likely to remain carriers (e.g. patients

admitted from home, with good functional status and with

remote acquisition, in whom testing for resolution of carriage

is likely to be beneficial).

Our study has several limitations. First, we were unable to

distinguish between persistence of carriage and re-infection.

In theory, the use of a molecular epidemiology tool might

have allowed us to answer this question. However, due to

the predominantly monoclonal nature of the KPC KP

epidemic in Israel (as shown in our recent report [9]), such

a distinction would have been impossible in the vast majority

of patients. Also, the distinction between persistence and re-

acquisition is further complicated by the fact that the KPC

gene may be transmitted in-situ by the transfer of mobile

genetic elements from one strain to another strain or a

different species altogether [28,29]. Thus, even the isolation

of a different species of KPC-producing Enterobacteriaceae,

as was found in four patients, may not provide a definite

proof of re-acquisition.

Second, there might have been a selection bias toward

relatively healthier patients, as patients who were unable to

give an informed consent (e.g. critically ill patients) were not

approached.

Third, there might have been a selection bias in the REM

group, toward the selection of relatively sicker patients, as

patients with remote acquisition that were healthier were less

likely to be admitted and thus were not recruited. It is

noteworthy that even with this potential bias, this group was

basically healthier than the REC group (Table 1) and had a

higher rate of KPC KP clearance.

In conclusion, our study shows that although resolution of

carriage occurs in the majority of patients with remote

acquisition, it is uncommon in patients with recent acquisition,

especially those with poor functional status who reside in an

LTCF. Repeat KPC KP testing in this population is likely to be

futile or misleading.

Acknowledgements

This work was carried out by N. Feldman as part of a PhD

thesis at the Tel-Aviv University. This work was supported in

part by European Commission FP7: SATURN—Impact of

Specific Antibiotic Therapies on the Prevalence of Human

Host Resistant Bacteria research grant 241796.

Transparency Declaration

Nothing to declare.

Supporting Information

Additional Supporting Information may be found in the online

version of this article:

Figure S1. Study design. Rectal cultures for KPC-produc-

ing Klebsiella pneumoniae (KPC KP) were performed at

enrollment and at each time-point.

Table S1. Multivariate analysis of factors associated with

resolution of carriage in the recent acquisition (<4 months)

group (n = 75).

References

1. Bradford PA, Bratu S, Urban C et al. Emergence of carbapenem-

resistant Klebsiella species possessing the class A carbapenem-hydro-

lyzing‘ KPC-2 and inhibitor-resistant TEM-30 beta-lactamases in New

York City. Clin Infect Dis 2004; 39: 55–60.

2. Yigit H, Queenan AM, Anderson GJ et al. Novel carbapenem-hydro-

lyzing b -lactamase, KPC-1, from a carbapenem-resistant strain of

Klebsiella pneumoniae. Antimicrob Agents Chemother 2001; 45: 1151–

1161.

ª2012 The Authors

Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, E190–E196

CMI Feldman et al. Duration of colonization by KPC KP E195



3. Woodford N, Tierno PM, Young K et al. Outbreak of Klebsiella

pneumoniae producing a new carbapenem- hydrolyzing class A b-

lactamase, KPC-3, in a New York medical center. Antimicrob Agents

Chemother 2004; 48: 4793–4799.

4. Bush K, Fisher JF. Epidemiological expansion, structural studies, and

clinical challenges of new beta-lactamases from gram-negative bacteria.

Ann Rev Microbiol 2011; 65: 455–478.

5. Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella

pneumoniae carbapenemase-producing bacteria. Lancet Infect Dis 2009;

9: 228–236.

6. Won SY, Munoz-Price LS, Lolans K, Hota B, Weinstein RA, Hayden

MK. Emergence and rapid regional spread of Klebsiella pneumoniae

carbapenemase-producing Enterobacteriaceae. Clin Infect Dis 2011; 53:

532–540.

7. Andrade LN, Curiao T, Ferreira JC et al. Dissemination of blaKPC-2 by the

spread of Klebsiella pneumoniae clonal complex 258 clones (ST258, ST11,

ST437) and plasmids (IncFII, IncN, IncL/M) among Enterobacteriaceae

species in Brazil. Antimicrob Agents Chemother 2011; 55: 3579–3583.

8. Navon-Venezia S, Leavitt A, Schwaber MJ et al. First report on a

hyperepidemic clone of KPC-3-producing Klebsiella pneumoniae in Israel

genetically related to a strain causing outbreaks in the United States.

Antimicrob Agents Chemother 2009; 53: 818–820.

9. Adler A, Paikin S, Sterlin Y et al. A swordless knight: the epidemiology

and molecular characteristics of the blaKPC-negative sequence-type 258

Klebsiella pneumoniae clone. J Clin Microbiol 2012; 50: 3180–3185.

10. Schechner V, Kotlovsky T, Kazma M et al. Asymptomatic rectal

carriage of bla(KPC) producing carbapenem-resistant Enterobacteria-

ceae: who is prone to become clinically infected? Clin Microbiol Infect

2012 [Epub ahead of print]. Available at: http://www.ncbi.nlm.nih.gov/

pubmed/22563800 (last accessed on 1 November 2012).

11. Borer A, Saidel-Odes L, Eskira S et al. Risk factors for developing

clinical infection with carbapenem-resistant Klebsiella pneumoniae in

hospital patients initially only colonized with carbapenem-resistant

K. pneumoniae. Am J Infect Control 2012; 40: 421–425.

12. Bilavsky E, Schwaber MJ, Carmeli Y. How to stem the tide of

carbapenemase-producing Enterobacteriaceae?: proactive vs. reactive

strategies. Curr Opinion Infect Dis 2010; 23: 327–331.

13. Wiener-Well Y, Rudensky B, Yinnon AM et al. Carriage rate of

carbapenem-resistant Klebsiella pneumoniae in hospitalised patients

during a national outbreak. J Hosp Infect 2010; 74: 344–349.

14. Calfee D, Jenkins SG. Use of active surveillance cultures to detect

asymptomatic colonization with carbapenem-resistant Klebsiella pneu-

moniae in intensive care unit patients. Infect Control Hosp Epidemiol

2008; 29: 966–968.

15. Lledo W, Hernandez M, Lopez E et al. Guidance for control of

infections with carbapenem-resistant or carbapenemase-producing

Enterobacteriaceae in acute care facilities. MMWR 2009; 58: 256–260.

16. Ben-David D, Maor Y, Keller N et al. Potential role of active surveillance

in the control of a hospital-wide outbreak of carbapenem-resistant

Klebsiella pneumoniae infection. Infect Control Hosp Epidemiol 2010; 31:

620–626.

17. Schwaber MJ, Lev B, Israeli A et al. Containment of a country-wide

outbreak of carbapenem-resistant Klebsiella pneumoniae in Israeli

hospitals via a nationally implemented intervention. Clin Infect Dis

2011; 52: 848–855.

18. Schechner V, Kotlovsky T, Tarabeia J et al. Predictors of rectal carriage

of carbapenem-resistant Enterobacteriaceae (CRE) among patients

with known CRE carriage at their next hospital encounter. Infect

Control Hosp Epidemiol 2011; 32: 497–503.

19. Adler A, Navon-Venezia S, Moran-Gilad J, Marcos E, Schwartz D,

Carmeli Y. Laboratory and clinical evaluation of screening agar plates

for detection of carbapenem-resistant enterobacteriaceae from sur-

veillance rectal swabs. J Clin Microbiol 2011; 49: 2239–2242.

20. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel

Index for stroke rehabilitation. J Clin Epidemiol 1989; 42: 703–709.

21. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of

classifying prognostic comorbidity in longitudinal studies: development

and validation. J Chron Dis 1987; 40: 373–383.

22. Schechner V, Straus-Robinson K, Schwartz D et al. Evaluation of PCR-

based testing for surveillance of KPC-producing carbapenem-resistant

members of the Enterobacteriaceae family. J Clin Microbiol 2009; 47:

3261–3265.

23. Israeli National Center of Infection Control. Guidelines for active

surveillance for CRE carriage in general hospitals. Tel-Aviv: Israeli National

Center of Infection Control, 2008: 1–2.

24. Ben-David D, Masarwa S, Navon-Venezia S et al. Carbapenem-resistant

Klebsiella pneumoniae in post-acute-care facilities in Israel. Infect Control

Hosp Epidemiol 2011; 32: 845–853.

25. Borer A, Eskira S, Nativ R et al. A multifaceted intervention strategy

for eradication of a hospital-wide outbreak caused by carbapenem-

resistant Klebsiella pneumoniae in Southern Israel. Infect Control Hosp

Epidemiol 2011; 32: 1158–1165.

26. Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S, Schwartz D, Leavitt A,

Carmeli Y. Predictors of carbapenem-resistant Klebsiella pneumoniae

acquisition among hospitalized adults and effect of acquisition on

mortality. Antimicrob Agents Chemother 2008; 52: 1028–1033.

27. Apisarnthanarak A, Bailey TC, Fraser VJ. Duration of stool colonization

in patients infected with extended-spectrum beta-lactamase-producing

Escherichia coli and Klebsiella pneumoniae. Clin Infect Dis 2008; 46:

1322–1323.

28. Goren MG, Carmeli Y, Schwaber MJ, Chmelnitsky I, Schechner V,

Navon-Venezia S. Transfer of carbapenem-resistant plasmid from

Klebsiella pneumoniae ST258 to Escherichia coli in patient. Emerg Infect

Dis 2010; 16: 1014–1017.

29. Mathers AJ, Cox HL, Kitchel B et al. Molecular dissection of an

outbreak of carbapenem-resistant Enterobacteriaceae reveals interge-

nus KPC carbapenemase transmission through a promiscuous plasmid.

MBio 2011; 2: e00204–e00211.

ª2012 The Authors

Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, E190–E196

E196 Clinical Microbiology and Infection, Volume 19 Number 4, April 2013 CMI


	Gastrointestinal colonization by KPC-producing Klebsiella pneumoniae following hospital discharge: duration of carriage and risk factors for persistent carriage
	Introduction
	Methods
	Setting, patient selection and collection of surveillance specimens
	Microbiological and molecular methods
	Data analysis

	Results
	Patients’ and isolates’ characteristics
	Duration of KPC KP carriage following hospital discharge
	Risk factors for persistent KPC KP carriage following recent acquisition
	Risk factors for persistent KPC KP carriage following remote acquisition

	Discussion
	Acknowledgements
	Transparency Declaration
	Supporting Information
	References




