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Objectives: To characterize isolates of Klebsiella pneumoniae producing KPC carbapenemase (KPC-
Kp) associated with an outbreak in a long-term acute care hospital (LTACH) in South Florida.

Methods: During 21 March to 20 April 2008, 241 K. pneumoniae isolates detected at Integrated
Regional Laboratories (Ft. Lauderdale, FL) for which the ertapenem MICs were �4 mg/L were studied.
PCR, cloning and sequence analysis were used to detect blaKPC and to characterize the b-lactamase
and outer membrane proteins (Omps). The expression level of KPC enzymes was studied by immuno-
blotting. Genetic relatedness of isolates was investigated with rep-PCR and PFGE. Clinical records of
patients were investigated.

Results: Seven KPC-Kp strains were isolated from different patients located at a single LTACH, with a
further three isolates being recovered from patients at different hospitals. All KPC-Kp isolates in
patients from the LTACH and from one hospital patient were genetically related and shared PFGE pat-
terns that clustered with known sequence type (ST) 258 strains. These strains were highly resistant to
carbapenems (MICs�32 mg/L) due to an increased level of KPC expression and loss of Omps. Rectal
colonization was documented in all LTACH patients with KPC-Kp isolates. Treatment failures were
common (crude mortality rate of 69%). Active surveillance and enhanced infection control practices
terminated the KPC-Kp outbreak.

Conclusions: The detection of KPC-Kp in an LTACH represents a serious infection control and thera-
peutic challenge in a new clinical setting. The speed at which the epidemic of KPC-Kp is spreading in
our healthcare system mandates urgent action.
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Introduction

The global spread of Gram-negative pathogens producing KPC
carbapenemases represents a potential clinical threat with devas-
tating effects on patient outcomes.1 Since the first detection of a
blaKPC-positive Klebsiella pneumoniae (KPC-Kp) isolate in
1996 in North Carolina, KPC b-lactamases have been identified
in many Enterobacteriaceae and Pseudomonas spp.2 However,
K. pneumoniae still remains the most common species posses-
sing these clinically important enzymes.3 To date, KPC-Kp iso-
lates have been responsible for many hospital outbreaks on the
east coast of the USA, in Israel and in Greece.3 – 6 Sporadic
KPC-Kp isolates have also been detected in Canada, South
America, China, western Europe and India.6 – 10

Long-term care facilities (LTCFs) are nursing homes that take
care of stable patients for long periods of time, sometimes serving
as the patients’ lifetime residences. In contrast, long-term acute
care hospitals (LTACHs) administer care to patients with more
complex medical problems, multiple co-morbidities (including res-
piratory failure that requires weaning off a mechanical ventilator)
and acute medical needs.11 Initially, KPC-Kp strains appeared to
be limited to causing hospital-acquired infections. Now, KPC-Kp
isolates are being described in LTCFs.12 Despite excessive anti-
biotic use in LTACHs, KPC-Kp isolates have yet to be reported
from these facilities. As LTACHs represent an increasingly impor-
tant component of the healthcare network in the USA,11,13,14 the
occurrence of KPC-Kp isolates in this setting is very worrisome.

According to the CLSI interpretative criteria, the majority of
KPC-Kp isolates do not manifest full resistance to carbapenems
(e.g. imipenem and meropenem MICs of 2–8 mg/L).3,15

However, Endimiani et al. recently reported that carbapenem
MICs were elevated (i.e. imipenem MICs of .64 mg/L) for
approximately 20% of KPC-Kp strains detected in the USA.4 We
hypothesized that the higher MIC values for this subpopulation
may be due to either: (i) increased levels of expression of the
KPC b-lactamase; or (ii) reduced penetration of the antibiotics
into the bacterial periplasmic space. With regards to the latter
possibility, we suspected that the three main outer membrane
protein (Omp) channels of K. pneumoniae (i.e. OmpK-35, -36
and -37) play an important role in b-lactam antibiotic suscepti-
bility, including that of carbapenems.16,17 To our knowledge, the
impact on susceptibility to carbapenems of KPC expression
levels combined with changes in the background of OmpKs has
not been extensively explored among KPC-Kp isolates.2,18

In the present work, we communicate the first description of
genetically related KPC-Kp isolates recovered from patients
residing in an LTACH. We further demonstrate their genetic
similarity to the dominant strain observed throughout the
USA.4,6 In addition, molecular characterization of strains demon-
strates that the high-level resistance to carbapenems (i.e.
MICs�32 mg/L) is due to the combination of increased
expression levels of KPC b-lactamase and loss of the three
OmpKs. The convergence of these clinical, epidemiological and
genetic determinants emphasizes the importance of the ‘reser-
voirs of resistance’ in the spread of KPC-Kp.

Methods

This investigation was initiated because a patient died from pneumo-
nia, empyema and respiratory failure on 2 March 2008. After

residing in the LTACH for 15 days, the patient had been transferred
to a Regional Medical Center (RMC) 1 day prior to death. A
carbapenem-resistant K. pneumoniae isolate from urine was sent to
the CDC, where it was identified by PCR as blaKPC positive (data

not shown). The RMC notified the LTACH about the KPC-Kp
isolate from the transferred patient. In response, an investigation of
other K. pneumoniae isolates from the LTACH and other facilities
in South Florida served by the Integrated Regional Laboratories
(IRL, Fort Lauderdale, FL, USA) was initiated.

Clinical isolates

All K. pneumoniae isolates were collected at the IRL. This labora-

tory serves a population of 2.5 million people located in four coun-
ties in South Florida, and analyses clinical samples collected in 13
hospitals, 8 rehabilitation hospitals and 14 LTCFs. Identification (ID)
and antimicrobial susceptibility testing (AST) of the clinical isolates

were routinely performed using the Vitek-2 System (bioMérieux,
Durham, NC, USA).

During a 1 month period (i.e. 21 March 2008–20 April 2008) all
K. pneumoniae isolates showing reduced susceptibility to ertapenem
(i.e. MICs�4 mg/L) were screened for the production of carbapene-

mases using the modified Hodge test.15 Positive isolates were
further investigated with molecular methods to confirm the presence
of blaKPC (see below). For blaKPC-positive isolates, MICs of colis-
tin, tigecycline, imipenem, meropenem, ertapenem and doripenem
were determined by the Etest method (AB Biodisk, Solna, Sweden)

using cation-adjusted Mueller–Hinton agar (BBL, Becton
Dickinson, Sparks, MD, USA). In addition, imipenem MICs were
also determined using agar dilution (ranges, 0.06–2048 mg/L), with
a Steers replicator.4

All AST data for samples collected from January to 20 March

2008 (before the beginning of the study period) at the IRL were also
retrospectively analysed.

Molecular methods

PCR and DNA sequence analysis for blaKPC, blaTEM, blaSHV,
blaCTX-M, blaCMY-2-like, blaP99, blaMIR-3/4, blaACT-1-like, blaVIM and
blaIMP genes were performed using primers and conditions pre-

viously reported.4 In cases where multiple alleles were suspected
(i.e. double or multiple ‘peaks’ in the DNA sequencing traces at a
single position), cloning experiments with pCR-XL-TOPO vector
(TOPO XL PCR Cloning Kit; Invitrogen Corporation, Carlsbad,
CA, USA) and direct sequencing of the plasmid preparations was

done.4 PCR for ompK-35, ompK-36 and ompK-37 genes was also
performed.19 DNA sequence analysis was performed using
Lasergene 7.2 (DNASTAR, Madison, WI, USA). The final amino
acid sequences were determined using the ExPASy Proteomics
Server (http://ca.expasy.org), and compared with those previously

described (i.e. GenBank accession numbers: OmpK-35, AJ303057;
OmpK-36, AJ344089; and OmpK-37, AJ011502; www.lahey.org/
Studies for b-lactamases).

Analytical isoelectric focusing (aIEF)

b-Lactamase preparations for aIEF were obtained as previously
described and loaded onto 5% polyacrylamide gels containing

ampholines (pH range, 3.5–9.5; GE Healthcare Bio-Sciences AB,
Uppsala, Sweden).20 Gels were electrophoresed at 48C with 8 W for
150 min using a Multiphor II apparatus (Amersham Biosciences,
Piscataway, NJ, USA). Detection of b-lactamases was obtained by
the addition of 1 mM nitrocefin (Becton Dickinson Biosciences,
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Cockeysville, MD, USA) onto the gel. The following purified
b-lactamases were used as controls: TEM-1 (pI 5.4); SHV-1 (pI
7.6); KPC-2 (pI 6.7); and CMY-2 (pI 9.0).

Genotyping by rep-PCR

KPC-Kp isolates were examined using the automated

rep-PCR-based strain typing system (DiversiLabTM, bioMérieux,
Athens, GA, USA) to establish their genetic similarity. Extraction of
DNA was performed using the UltraCleanTM Microbial DNA
Isolation Kit (Mo Bio Laboratories, Inc., Carlsbad, CA, USA).
Rep-PCR was performed using the DiversiLab Klebsiella kit. DNA

fragment separation and detection were done using the Agilentw

2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)
and results were analysed and interpreted with the DiversiLab web-
based software using the Kullback–Leibler method, as previously

validated by Endimiani et al.4 Isolates were defined as ‘genetically
related’ when �95% similarity was identified. Notably, isolates col-
lected during the present study were compared with 39 KPC-Kp
strains previously characterized and collected in the eastern USA.4

A comparison with the first KPC-Kp isolate (i.e. Kp1534) detected

in 1996 in North Carolina was also done.2

PFGE

Three representative KPC-Kp isolates from the Florida LTACH were
sent to the CDC for PFGE typing using XbaI as previously
described for Escherichia coli (http://www.cdc.gov/pulsenet/
protocols.htm).21 PFGE patterns were subsequently compared with

the CDC’s KPC-Kp database consisting of .400 isolates from each
of the major geographic regions of the continental USA and includ-
ing strains previously characterized with multilocus sequence typing
(MLST).6

Immunoblotting

In order to measure the expression of KPC b-lactamase in mid-log
phase, we raised polyclonal antibodies to this protein. The blaKPC-2

gene in E. coli DH10B was cloned and expressed using the
pET24a(þ) vector, then isolated and purified as previously
described.22 The polyclonal anti-KPC-2 rabbit antibodies were

raised by SIGMA-Genosys (The Woodlands, TX, USA), and
isolated from serum using protein G column purification
(SIGMA-Genosys).22 Isolates expressing blaKPC were grown in lyso-
geny broth to an OD600 of 0.8. Preparation of samples, immunoblot-
ting and recognition of b-lactamase expression were performed as

previously described.23

Clinical data

Clinical records of patients developing infection or colonization due
to KPC-Kp or ertapenem-resistant strains were examined retrospec-
tively as a public health activity. The following data were recorded:

age; sex; antimicrobial agents administered during the infectious
episode; patient location (e.g. hospital ward) 72 h prior to first posi-
tive KPC or ertapenem-resistant K. pneumoniae isolate; and cause
of death. Co-morbidity score was determined according to the
Charlson weighted index of co-morbidity.24 Predisposing conditions

of infection (when present for at least 72 h before KPC-Kp isolation)
were also investigated, including mechanical ventilation, intravascu-
lar and bladder catheters, and thoracic, abdominal and other drai-
nages.25 In addition, prior use of antibiotics, history of surgery, and
use of corticosteroids or antineoplastic drugs were taken into

account when administered for at least 2 weeks before KPC-Kp iso-
lation. Antibiotic treatment was defined as ‘empirical’ when given
before microbiological results were available. Treatment outcome
was classified as complete response, partial response, relapse, treat-

ment failure or not assessable as formerly reported.25

Intervention

To identify the extent of intestinal colonization among patients,
active surveillance rectal cultures were collected from all LTACH
patients and Intensive Care Unit (ICU) patients at three RMCs
which serve as referral facilities for the LTACH. Samples were col-

lected for a 3 day period from the LTACH (i.e. 9, 10 and 14 April)
and a 5 day period at the RMCs (i.e. 28 and 30 April, and 5, 13 and
15 May). Screening was performed using chromogenic
CHROMagar KPC plates.26 Infection control measures, including
instituting contact precautions, isolating patients infected and colo-

nized with KPC-Kp, and using dedicated staff and equipment as
much as possible, were implemented as indicated in recent CDC
guidelines for control of infection with carbapenem-resistant
or carbapenemase-producing Enterobacteriaceae in acute care
facilities.27

Results

Clinical isolates and susceptibility testing

During the study period (21 March 2008–20 April 2008), 241
non-duplicate K. pneumoniae isolates were sent to IRL from all
institutions served. Among them, 10 isolates with reduced sus-
ceptibility to ertapenem (i.e. MIC�4 mg/L) were identified.
Each of these isolates was from a different patient and tested
positive by the modified Hodge test for carbapenemase pro-
duction. PCR analysis showed that all 10 isolates harboured the
blaKPC gene. Thus, the overall prevalence of blaKPC-positive
strains among the total number of K. pneumoniae isolates in this
time period was 4.1% (10/241).

The facilities where the 10 KPC-Kp strains were isolated,
along with the results of AST, are shown in Table 1. Seven of
the KPC-Kp isolates (FL-1–FL-6 and FL-9) were detected in
patients residing in a single 100 bed LTACH. The remaining iso-
lates (FL-7, FL-10 and FL-11) were collected from patients
located in three different hospitals (Table 1). One isolate (FL-7)
was recovered from a urine sample of a patient previously
admitted to a hospital in Cleveland, OH, USA.

All KPC-Kp isolates detected at the LTACH were highly
resistant to carbapenems (i.e. MICs�32 mg/L), whereas FL-10
and FL-11 showed lower MIC values for imipenem and merope-
nem using the Etest method. The seven strains from the LTACH
were susceptible to gentamicin. However, only colistin and tige-
cycline were active in vitro against all tested KPC-Kp isolates
(Table 1).

Retrospective analysis

As a result of the retrospective analysis of the AST data
(January–20 March 2008), six additional cases of infection due
to ertapenem-resistant K. pneumoniae were identified. In particu-
lar, isolates were recognized in five additional LTACH patients
(one in January, three in February and one in March), and from
one RMC patient (February, patient #6) 1 day after transfer from
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Table 1. Characteristics of the KPC-producing K. pneumoniae (KPC-Kp) isolates recognized at the Integrated Regional Laboratories (IRL)

Isolate: FL-1 FL-2 FL-3 FL-4 FL-5 FL-6 FL-9 FL-7 FL-10 FL-11

Institution: LTACH LTACH LTACH LTACH LTACH LTACH LTACH Hosp #1 Hosp #2 Hosp #3

Antibiotic, MIC (mg/L)a

ciprofloxacin �4 R �4 R �4 R �4 R �4 R �4 R �4 R �4 R �4 R �4 R

gentamicin 4 S 4 S 4 S 4 S 4 S 4 S �1 S 4 S �16 R �16 R

amikacin �64 R �64 R �64 R �64 R �64 R �64 R 32 I �64 R 16 S �2 S

tobramycin �16 R �16 R �16 R �16 R �16 R �16 R �16 R �16 R �16 R �16 R

trimethoprim/sulfamethoxazole �320 R �320 R �320 R �320 R �320 R �320 R �320 R �320 R �80 R �320 R

colistinb,c 1.0 1.0 0.5 0.5 1.0 0.75 0.38 0.75 0.38 0.25

tigecyclineb,c,d 1.5 S 2.0 S 2.0 S 1.5 S 1.5 S 1.5 S 1.5 S 2.0 S 1.5 S 0.25 S

piperacillin/tazobactam �128 R �128 R �128 R �128 R �128 R �128 R �128 R �128 R 64 I 64 I

ceftazidime �64 R �64 R �64 R �64 R �64 R �64 R �64 R �64 R �64 R �64 R

cefepime �64 R �64 R �64 R �64 R �64 R �64 R �64 R �64 R �1 S 2 S

aztreonam �64 R �64 R �64 R �64 R �64 R �64 R �64 R �64 R 16 I �64 R

meropenemb �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R 24 R �32 R

imipenemb �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R 12 R 12 R

doripenemb,d �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R

ertapenemb �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R �32 R

bla genese KPC-3 KPC-3 KPC-3 KPC-3 KPC-3 KPC-3 KPC-3 KPC-3 KPC-2 KPC-3

SHV-11 SHV-11 SHV-11 SHV-11 SHV-11 SHV-11 SHV-11 SHV-11 SHV-11 SHV-7

TEM-1 TEM-1 TEM-1 TEM-1 TEM-1 TEM-1 TEM-1 TEM-1 SHV-33 TEM-1

TEM-1

aIEF 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 6.7, 7.6 5.4, 5.8, 6.7, 7.6 5.4, 6.0, 6.7, 7.6 5.4, 6.7, 7.6

aAntimicrobial susceptibility tests were performed with the VITEK 2 System using AST-GN-13 cards (bioMérieux, Durham, NC, USA). Results were interpreted according to CLSI criteria:15 S,
susceptible; I, intermediate; and R, resistant.
bMICs were determined by the Etest method (AB Biodisk, Solna, Sweden) on Mueller–Hinton agar.
cInterpretative criteria have not yet been released by the CLSI.15

dSusceptibility tests were interpreted according to FDA criteria (i.e. tigecycline: S�2 mg/L, R .4 mg/L; doripenem: S �0.5 mg/L).
eSHV-11 and SHV-33 are broad-spectrum b-lactamases, whereas SHV-7 is an extended-spectrum b-lactamase (ESBL).
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the LTACH. The above six K. pneumoniae isolates were not
available for molecular characterization.

Characterization of b-lactamases

PCR amplification, cloning and sequencing revealed that
blaKPC-3, blaTEM-1 and blaSHV-11 genes were present in the seven
KPC-Kp isolates detected in the LTACH and in FL-7. The
remaining two KPC-Kp strains possessed blaKPC-2 or blaKPC-3,
blaTEM-1 and different blaSHV genes. The aIEF results were
consistent with the production of the above bla genes (Table 1).

rep-PCR

As shown in Figure S1 [available as Supplementary data at JAC
Online (http://jac.oxfordjournals.org/)], all KPC-Kp isolates
detected at the LTACH, and FL-7, were genetically related
(similarity .95%). Notably, these eight isolates were also
genetically related to most of the eastern USA KPC-Kp isolates
previously analysed.4 The remaining two isolates (i.e. FL-10 and
FL-11) and the index strain Kp1534 were not related
(similarity,90%) to these strains (Figure S1).

PFGE

The three KPC-Kp isolates sent to the CDC (i.e. FL-1, FL-2 and
FL-3) shared PFGE patterns that were indistinguishable from
one another, confirming that they are genetically related. In
addition, when compared with the rest of the CDC’s KPC-Kp
PFGE database, these isolates shared PFGE patterns that clus-
tered with isolates previously recognized by MLST as sequence
type (ST) 258 (data not shown), the dominant strain type of
KPC-Kp observed throughout the USA.6 ST258 isolates have
also been identified in Israel and Europe.9 Notably, the index
KPC-Kp isolate (Kp1534) was previously identified as ST37.6

Expression levels of KPC enzymes and background of

OmpKs

Figure 1 shows the results of the immunoblotting and analyses
of OmpKs along with the MIC results for imipenem by agar
dilution. Isolates collected in the LTACH and FL-7 showed high
MICs of imipenem (i.e. MICs�32 mg/L), medium to high

levels of KPC enzyme expression and genes unable to
encode functional OmpK proteins. In contrast, for FL-10 and
FL-11 the imipenem MICs were within the susceptible range
(i.e. MICs�4 mg/L), the isolates expressed low levels of
KPC enzyme and functional ompK-35 genes were found
(Figure 1).

Notably, the anti-KPC antibodies did not show cross-
reactivity with TEM-1, CTX-M-9, OXA-1, IMP-2, VIM-2,
CMY-2 and ADC-7 b-lactamases; only a very weak cross-
reactivity with SHV-1 was observed (data not shown).

Clinical data

Table 2 summarizes the clinical characteristics of LTACH
patients from whom KPC-Kp isolates were obtained from 21
March 2008 to 20 April 2008. Data for those patients from
whom ertapenem-resistant K. pneumoniae isolates were col-
lected before 20 March, 2008 are summarized in Table S1
[available as Supplementary data at JAC Online (http://jac.ox-
fordjournals.org/)].

In general, the LTACH patients (n¼13) were elderly (mean
age¼71 years), possessed multiple underlying illnesses (average
Charlson weighted index¼7.7), had many invasive devices and
were extensively treated with numerous courses of antibiotics
(including carbapenems in 31% of cases). Rectal colonization
was present in each of 6 patients tested (three of whom were
also colonized in the urinary tract) (Table 2). None of the other
LTACH (n¼68) or ICU patients at an RMC (n¼43) in whom
active surveillance was performed was colonized with KPC-Kp.
Treatment failures were common, and nine patients died (crude
mortality rate¼69%). One patient colonized with a KPC-Kp
strain was eventually discharged to the community, one patient
died after the study period ended and two patients identified as
colonized were still in the LTACH 1 year later. All these patients
had been hospitalized in Florida hospitals during the previous
year (data not shown). Clinical information regarding the
non-LTACH patients (i.e. FL-7, FL-10 and FL-11) was not
available.

After enhanced infection-control practices were implemented,
the outbreak was brought under control, with only one instance
of transmission of KPC-Kp infection after early April 2008. The
active surveillance programme was terminated on 15 May 2008.

FL-1

ompK-35 – – – – – – – – + +

– – – – – – – – – –

– – – – – – – – +a +a

128 256 128 64 32 32 32 64 4 2

M M M M M M M H L L

ompK-36

ompK-37

MIC of Imipenem

Expression level

FL-2 FL-3 FL-4 FL-5 FL-6 FL-9 FL-7 FL-10 FL-11

Figure 1. Western blotting analysis of KPC level of expression (L, low; M, medium; H, high) and interpretation of DNA sequence analysis of ompK genes.

MICs of imipenem (mg/L) were determined using the agar dilution method. þ, complete gene when compared with the deposited GenBank sequence (see the

Methods section); – , gene sequence disrupted (i.e. insertions, deletions and point mutations). aOnly two point mutations were detected (i.e. I70M and

I128M).
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Table 2. Clinical characteristics and outcomes of patients with KPC-Kp infection or colonization from the South Florida LTACH

Isolate Age/sex

Underlying

conditionsa

Previous use of

antibiotics (last

2 weeks)b

Charlson

weighted

index Risk factorsc

Site of infection/

colonizationd

Rectal

colonization

Empirical treatment

[agent (daily dose)]b

Antimicrobial therapy administered after ID/AST

Treatment

outcome

Patient outcome and

commentagentb

timing from

infection

onset

duration

(days) daily dose

FL-1 85/M RF, CRF, DW FEP, IMP 9 Bc, CVC, Trac and

MV,

haemodialysis,

TPN

UTI, BSI not tested FEP (500 mg), IMP

(250 mg every

12 h)

FEP

TZP

GEN

COL

TMP

first day

6 days after

6 days after

16 days after

9 days after

11

1

10

5

12

500 mg every 12 h

2250 mg every 8 h

100 mg every 48 h

100 mg every 36 h

80 mg every 12 h

failure death 17 days after

onset of infection;

multiorgan failure,

sepsis, and

pneumonia

FL-2 76/M RF, DM2, HTN,

HF, PVD,

CRF

none 10 Bc, CVC, Trac and

MV,

haemodialysis,

thoracocentesis,

G-tube, ICU

stay

UTI present none GEN

COL

4 days after

10 days after

6

9

130 mg every 48 h

150 mg every 24 h

relapse death 32 days after

onset of infection;

cardiopulmonary

arrest and sepsis

due to

Enterococcus spp.

FL-3 83/M RF, DM2, HF,

PVD, CAD,

AAV

IMP, TZP, TOB 6 Bc, CVC, Trac and

MV

BSI not tested none CIP

TOB

FEP

LEV

GEN

TIG

COL

2 days after

2 days after

4 days after

4 days after

8 days after

8 days after

9 days after

6

2

4

1

1

3

2

400 mg every 12 h

130 mg every 24 h

1000 mg every 12 h

250 mg every 24 h

340 mg every 24 h

50 mg every 12 h

115 mg every 12 h

failure death 11 days after

onset of infection;

multiorgan failure,

sepsis and

pneumonia

FL-4 41/M RF, ALS, DW TOB, FEP 0 Bc, CVC, Trac and

MV

urine (colonized) present TZP (3375 mg every

6 h), CIP (400 mg

every 12 h)

GEN

FEP

6 days after

6 days after

1

9

390 mg every 24 h

1000 mg every 12 h

not

assessable

death 30 days after

onset of infection;

sepsis due to

Enterobacter spp.

FL-5 78/M RF, DM2, HTN,

CVA, colon

CA

TOB, CIP, TZP 5 Bc, CVC, Trac and

MV

sputum

(colonized),

BSI

present none IPM

COL

6 days after

8 days after

2

9

500 mg every 12 h

115 mg every 12 h

relapse alive and in LTACH

at the end of study

period

FL-6 82/F RF, CAD, HF,

PVD, CRF,

CLD

none 4 Bc, CVC, Trac and

MV,

haemodialysis,

ICU stay

urine (colonized) present CIP (500 mg every

12 h)

LEV

CEF

CIP

4 days after

5 days after

2 days

before

1

2

10

500 mg every 24 h

500 mg every 12 h

500 mg every 12 h

not

assessable

alive and in LTACH

at the end of study

period; persistent

urinary tract

colonization

FL-9 65/F RF, DM2, HTN,

HF, CRF, DW

IMP 3 Bc, CVC, MV, ICU

stay

urine (colonized) present AMP (2000 mg every

6 h), LEV (500 mg

every 12 h)

AMP

LEV

1 day after

1 day after

8

8

2000 mg every 6 h

250 mg every 24 h

not

assessable

alive and in LTACH

at the end of study

period; persistent

urinary tract

colonization

aAAV, artificial aortic valve; ALS, amyotrophic lateral sclerosis; CA, carcinoma; CAD, coronary artery disease; CLD, chronic lung disease; CRF, chronic renal failure; CVA, cerebrovascular accident; DM2,
type II diabetes mellitus; DW, decubitus wounds; HF, heart failure; HTN, hypertension; PVD, peripheral vascular diseases; RF, respiratory failure.
bAMP, ampicillin; CEF, cefalexin; CFZ, cefazolin; CIP, ciprofloxacin; COL, colistin; FEP, cefepime; GEN, gentamicin; IPM, imipenem; LEV, levofloxacin; TMP, trimethoprim; TIG, tigecycline; TOB,
tobramycin; TZP, piperacillin/tazobactam. Notably, only antimicrobial treatments for Gram-negative bacteria were taken into consideration.
cBc, bladder catheter; CVC, central vascular catheter; ICU, intensive care unit; MV, mechanical ventilation; TPN, total parenteral nutrition; Trac, tracheostomy.
dUTI, urinary tract infection; BSI, bloodstream infection.
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Discussion

K. pneumoniae is an important pathogen responsible for 6% of
infections in LTCFs.28 Here, we describe several cases of infec-
tion and/or colonization due to genetically related KPC-Kp
strains occurring in a single LTACH. Our study emphasizes the
following four important points.

First, the clinical isolates collected at the LTACH are geneti-
cally related to ST258, the dominant strain of KPC-Kp seen
throughout the USA.4,6 This supports the earlier hypothesis by
Endimiani et al. that the acquisition of a blaKPC gene, in
addition to other potential resistant determinants, may confer on
this isolate of K. pneumoniae a marked selective advantage that
is leading to its successful dissemination.

Secondly, we noted that the seven KPC-Kp strains found in
the LTACH and FL-7 showed high-level resistance to carbape-
nems, whereas the remaining two KPC-Kp strains (FL-10 and
FL-11) had imipenem MICs in the susceptible range by agar
dilution.15 We show that the higher MIC levels observed in the
first group are a result of the combination of an increased level
of KPC expression and loss of the three OmpK proteins.
Possessing at least one porin (e.g. OmpK-35) and having low-
level KPC expression does not raise the carbapenem MICs
within the resistant range. The loss of porins is very common in
K. pneumoniae.16,17,29,30 However, this phenomenon combined
with the presence of a KPC b-lactamase has been observed
infrequently.2,18

Thirdly, the AST results support the notion that the thera-
peutic options against serious infections due to KPC-Kp strains
are limited to tigecycline and colistin.4 However, tigecycline
may not reach desired serum levels to treat systemic infections,
leaving colistin as the ‘last choice’.31,32 Unfortunately, colistin-
resistant KPC-Kp isolates have also been reported.33 Therefore,
novel antibiotics or combinations with potent activity against
infections due to KPC-Kp isolates need to be considered.34,35

Finally, we conclude this analysis by noting that the spread
of KPC-Kp strains outside of the hospital setting (e.g. LTCFs,
including LTACHs) is particularly alarming. As illustrated in
this report, these patients moved frequently among hospitals,
LTCFs and the community. This, like other studies, shows these
patients to be elderly, with serious co-morbidities, and fre-
quently requiring intravascular and bladder catheters.11,36 The
occurrence of multidrug-resistant organisms (MDROs) in this
population has been reported previously,37 mostly resulting from
the transfer of patients colonized in the hospital setting to
LTCFs and potentially to the community. The experiences
with community-associated methicillin-resistant Staphylococcus
aureus and CTX-M-producing E. coli isolates serve as harsh
reminders that the community could potentially represent a criti-
cal reservoir for MDROs.38,39 On the other hand, the frail nature
of patients in LTACHs, the excessive use of antibiotics and the
difficulty in diagnosing infection versus colonization fosters an
environment where isolates containing resistance mechanisms
are selected and transmitted to other components of the health-
care system (the primary reservoir of resistance).11

Understanding the transmission dynamics of KPC-Kp among
these different settings has therefore become critical.

We realize that the presence of KPC-Kp isolates in LTACHs
poses a series of new and frightening challenges. The clinical
outcome associated with KPC-Kp infections in hospitalized
patients is poor.1,40 – 42 Although the high mortality reported here

suggests this may be the case in other settings, the clinical
impact of KPC-Kp on infected or colonized patients remains to
be determined. Furthermore, the isolation of KPC-Kp strains
results in therapeutic and infection control responses that require
considerable effort, expertise and resources often not available
outside of hospitals. For instance, colistin has emerged as the
last option for infections caused by KPC-Kp.3 However, this
antibiotic is perceived as a potentially nephrotoxic medication
and patients usually need to be closely monitored while they
receive this cationic polypeptide.32 Moreover, it is a common
practice in hospitals to isolate patients harbouring KPC-Kp, a
measure that may be difficult to implement in LTCFs.

A special challenge illustrated here is the control of the inter-
institutional transfer of KPC-Kp. In this report we demonstrate
that one patient (i.e. the patient harbouring isolate FL-7) was
previously admitted to a hospital in Cleveland, OH, an endemic
area of KPC-Kp transmission, and was subsequently transferred
to one of the hospitals associated with the South Florida out-
break. Similar occurrences have been reported elsewhere.9,43

Furthermore, all patients tested at the LTACH were colonized in
their gastrointestinal and/or urinary tract. However, we do not
have a clear explanation why active surveillance did not detect
any colonized patient apart from those detected by clinical
samples. It should be noted that colonization might promote the
spread of KPC-Kp isolates in the community.1 In one recent
report, a patient residing in the community probably acquired
the KPC-Kp from his wife, who was a documented carrier of
this organism as a result of her hospitalization in a tertiary-care
hospital in Israel.44

As demonstrated previously, performing surveillance in
patients admitted from geographic areas with high-level rates of
KPC-Kp infection/colonization (e.g. eastern USA) or before dis-
charging them into the community might be a necessary infec-
tion control practice.27,45 In this case, implementation of CDC
guidelines (i.e. active surveillance with rectal swabs along with
enhanced infection-control practices) helped end the KPC-Kp
outbreak at the LTACH in early April 2008.27 Whether attempts
should be made to decolonize patients with such MDROs still
remains an open question, and procedures and guidelines may
need to be established. The speed and fury by which the epi-
demic of KPC-Kp is spreading in North America mandates
urgent action.
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