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The Klebsiella pneumoniae carbapenemase (KPC) was detected in carbapenem-resistant isolates of Citrobacter
freundii and Klebsiella oxytoca recovered from different patients in a Michigan hospital. Restriction analysis and
hybridization with a KPC-specific probe showed the blaKPC-2 genes of these two genera of the family Entero-
bacteriaceae are carried on a common plasmid.

The numbers of carbapenem-hydrolyzing �-lactamases in
members of the family Enterobacteriaceae are increasing in the
United States (4, 11, 19). The most frequently encountered are
the plasmid-encoded Ambler class A Klebsiella pneumoniae
carbapenemase (KPC)-type enzymes found in isolates pre-
dominantly from the eastern United States (2, 5, 11, 15, 24),
particularly from the New York City region (4). More recently,
the geographical distribution of KPC-producing isolates within
the United States has widened to include Pennsylvania, Ohio,
and Arkansas (11, 18) and Georgia, Colorado, New Mexico,
Arizona, and California (CDC, unpublished data). KPC-pro-
ducing Escherichia coli and K. pneumoniae isolates that are
thought to have originated outside of the United States have
been reported in Israel (17), Colombia (21), Greece (10), and
China (23).

KPC was first identified in a K. pneumoniae isolate from
North Carolina (24), and the enzyme has been found the most
frequently in K. pneumoniae (2, 5, 6). In addition, KPC en-
zymes have been detected in multiple genera and species of the
Enterobacteriaceae, including Salmonella enterica serotype Cu-
bana (14), K. oxytoca (2, 11, 25), Enterobacter spp. (3, 11, 13),
Citrobacter freundii, E. coli, and Serratia marcescens (11, 12). A
recent report from Colombia also describes KPC-producing
isolates of Pseudomonas aeruginosa (22).

In this report, we describe the characterization of two car-
bapenem-resistant isolates, a C. freundii isolate and a K. oxy-
toca isolate, obtained from two different patients in a Michigan
hospital and found to produce the KPC type 2 (KPC-2) en-
zyme encoded by a common plasmid.

In November 2004, C. freundii 13692 was isolated from the
urine of a patient hospitalized for complications of chronic

liver disease. This isolate was found, by the reference broth
microdilution method (7), to be susceptible to amikacin but
resistant to all other antibiotics tested, including meropenem
(MIC � 16 �g/ml). The patient was treated with intravenous
amikacin, and subsequent urine cultures were negative for C.
freundii. Due to underlying disease and multisystem organ fail-
ure, the patient died on hospital day 75. Prior to culture, this
patient had received multiple antibacterial agents for treat-
ment and prophylaxis, including piperacillin-tazobactam, am-
picillin-sulbactam, cefepime, ceftriaxone, levofloxacin, vanco-
mycin, metronidazole, and aminoglycosides. In August 2005,
K. oxytoca 15002 was isolated in the same hospital from the
sputum of a second patient who had undergone cardiac trans-
plantation and who developed pneumonia. This isolate was
tested by disk diffusion (8) and was found to be susceptible to
gentamicin, tobramycin, amikacin, and trimethoprim-sulfame-
thoxazole; intermediate to ciprofloxacin and levofloxacin; and
resistant to all other antibiotics tested, including meropenem.
The patient was treated with inhaled colistin (25 days), intra-
venous gentamicin (18 days), and intravenous tigecycline (18
days); and the pneumonia resolved. Subsequent sputum cul-
tures showed meropenem-susceptible K. oxytoca on one occa-
sion without associated clinical respiratory disease. The patient
was discharged from the hospital on hospital day 104. Prior to
the collection of samples for culture, the patient was ex-
posed to the following antibacterials: piperacillin-tazobac-
tam, cefepime, cefuroxime, cefazolin, aztreonam, levofloxacin,
linezolid, metronidazole, clindamycin, rifampin, and dapsone.
Both patients had multiple previous hospitalizations, and their
hospital stays overlapped during 2 weeks in October 2004.
Both patients developed renal failure requiring hemodialysis;
the first patient received continuous renal replacement therapy
(CRRT) administered in the hospital intensive care unit (ICU)
room from 21 October through 13 December 2004, and the
second patient received intermittent hemodialysis (HD), which
began on 24 July 2005 and which was administered in an ICU
different from that where the first patient was located. The
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patients shared no equipment or personnel, as different ma-
chines and dialysates are used for CRRT and HD. No other
common procedures, wards, personnel, or epidemiological
links were identified. Neither patient was treated with carbap-
enems.

Antimicrobial susceptibility testing at the CDC by the CLSI
reference broth microdilution method (7, 9) confirmed that C.
freundii 13692 was highly resistant to all three carbapenems
tested (MICs � 16 �g/ml) (Table 1) and that K. oxytoca 15002
was resistant to ertapenem and meropenem (MICs � 16 �g/
ml) but intermediate to imipenem (MIC � 8 �g/ml). Both
isolates were also resistant to all other �-lactams and fluoro-
quinolones tested; but the two isolates demonstrated different
susceptibilities to aminoglycosides, chloramphenicol, and tri-
methoprim-sulfamethoxazole. Both isolates were susceptible
to colistin and tigecycline.

The �-lactamases of both isolates were characterized by
isoelectric focusing (20) of cell extracts. C. freundii 13692 pro-
duced two �-lactamases with isoelectric points (pIs) of �8.4
and 6.9, consistent with AmpC and KPC-type enzymes, respec-
tively. K. oxytoca 15002 produced only one detectable enzyme
with a pI of 6.9. The presence of the blaKPC gene in both
isolates was confirmed by amplification of a 1,011-bp PCR
product by using forward primer 5�-TGT CAC TGT ATC
GCC GTC-3� and reverse primer 5�-GTC AGT GCT CTA
CAG AAA ACC-3�. The DNA sequences of both strands of
the coding region of the blaKPC gene were determined from a
989-bp PCR product amplified with forward primer 5�-GCT
ACA CCT AGC TCC ACC TTC-3� and reverse primer
5�-ACA GTG GTT GGT AAT CCA TGC-3�. The DNA se-
quence, determined from independent amplification reactions
with previously described oligonucleotide primers (24), con-

firmed the presence of the blaKPC-2 gene in both C. freundii
13692 and K. oxytoca 15002.

Plasmid analysis revealed that C. freundii 13692 contained
three plasmids with molecular sizes of approximately 165, 145,
and 95 kb, as well as an additional one of �2.1 kb (data not
shown); K. oxytoca 15002 contained two plasmids of approxi-
mately 145 and 95 kb. To isolate the KPC-producing plasmid,
E. coli EP-Max 10B cells (Bio-Rad, Hercules, CA) were trans-
formed with plasmid DNA from C. freundii 13692 and K. oxy-
toca 15002 by electroporation (Gene Pulser Xcell; Bio-Rad).
Transformants of both C. freundii 13692 (TF/13692) and K.
oxytoca 15002 (TF/15002) were selected on LB agar containing
4 �g/ml meropenem. Transformants TF/15002 and TF/13692
each produced only one �-lactamase with a pI of 6.9, consistent
with that of the KPC enzyme, and were positive for blaKPC by
PCR. Both also contained the ca. 95-kb plasmid seen in the
clinical isolates, but the latter also contained the smallest plas-
mid found in C. freundii 13692, which was �2.1 kb. Only
�-lactam resistance was transferred in each transformation,
including resistance to imipenem, meropenem, and ertapenem
(MICs � 16 �g/ml) (Table 1).

Plasmid DNA from both transformants was compared by
restriction digestion with EcoRI and HindIII (Fig. 1A). The
�2.1-kb plasmid from TF/13692 was not cut by either enzyme
(Fig. 1A, lanes 2 and 4). The restriction profiles of the ca. 95-kb
plasmid DNA prepared from TF/13692 and TF/15002 were
identical (Fig. 1A, lanes 2 and 3, respectively [EcoRI], and
lanes 4 and 5 [HindIII], respectively). To localize the blaKPC

gene, digested plasmid DNA from transformants TF/13692
and TF/15002 was hybridized with a blaKPC probe in a South-
ern blot analysis. Briefly, by using the Genius nonradioactive
nucleic acid labeling and detection system (Roche, Indianap-

TABLE 1. Antimicrobial susceptibilities of clinical isolates and transformants

Antimicrobial agent
MIC (�g/ml)

C. freundii 13692 E. coli TF/13692 K. oxytoca 15002 E. coli TF/15002 E. colia

Ertapenem �16 �16 �16 �16 �0.5
Imipenem 16 �16 8 32 �1
Meropenem 16 �16 �16 �16 �0.25
Amikacin 2 2 �1 2 2
Amoxicillin-clavulanate �32/16 �32/16 �32/16 �32/16 4/2
Ampicillin �64 �32 �64 �32 4
Aztreonam �64 �64 �64 �64 �1
Cefepime �32 �32 �32 �32 �0.5
Cefotaxime �256 256 256 256 2
Cefotaxime-clavulanate 128/4 32/4 2/4 32/4
Cefoxitin �32 �32 32 �32 4
Cefpodoxime �16 �16 �16 �16 1
Ceftazidime �256 64 32 128 �4
Ceftazidime-clavulanate 256/4 64/4 16/4 64/4 �2/4
Ceftriaxone �64 �64 �64 �64 �1
Chloramphenicol �16 �2 8 �2 �2
Ciprofloxacin �8 �0.25 8 �0.12 �0.12
Colistin 1 0.5 1 2 1
Gentamicin 16 0.5 �0.25 0.5 1
Levofloxacin �8 �0.25 8 �0.25 �0.25
Piperacillin-tazobactam �128/4 �128/4 �64/4 �128/4 2/4
Polymyxin B 1 0.5 1 �0.5 1
Tigecycline 1 0.12 1 0.12 0.12
Tobramycin 16 0.5 �0.25 0.5 0.5
Trimethoprim-sulfamethoxazole �8/152 �0.25/4.75 �0.25/4.75 �0.25/4.75 �0.25/4.75

a E. coli EP-Max 10B competent cells were used for transformation by electroporation.
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olis, IN), a 552-bp digoxigenin-labeled blaKPC fragment gener-
ated with forward primer 5�-CACACCCATCCGTTACGG-3�
and reverse primer 5�-GCCTCGCTGTGCTTGTCA-3� was
hybridized overnight at 65°C to EcoRI- or HindIII-digested
plasmid DNA which had been transferred to a nylon mem-
brane (Zeta-Probe; Bio-Rad). The blaKPC probe hybridized
with a single fragment larger than 12.2 kb in the EcoRI-re-
stricted plasmid DNA from both TF/13692 and TF/15002 (Fig.
1B, lanes 2 and 3, respectively). The probe also hybridized with
two fragments of approximately 4.1 kb and 1.1 kb in the
HindIII-restricted DNA (Fig. 1B, lanes 4 and 5, respec-
tively). These results are consistent with the restriction pro-
file of the blaKPC-2 gene and flanking sequences reported
from S. enterica serotype Cubana (GenBank accession num-
ber AF481906) (14).

In this report we described a ca. 95-kb, KPC-producing plas-
mid that was common to two different genera of Enterobacte-
riaceae from two different patients in a single hospital. These
findings demonstrate the potential for the horizontal transfer
of carbapenemase-producing plasmids between clinically rele-
vant gram-negative bacilli. We were not able to conjugate this
resistance plasmid to E. coli in the laboratory, as has been
demonstrated for other KPC plasmids (13–16, 25). This means
that plasmid transfer occurred either by transformation or by a
conjugative event that could not be duplicated in vitro. No
other KPC-producing isolates have been identified at this in-
stitution, so these two isolates could be considered a “warning
signal” that more resistance could emerge. There was no clear
epidemiological link between the two patients described in this
report, which makes the identification of prevention strategies
difficult. However, neither of the patients described in this
report was treated with a carbapenem. This suggests that re-
stricting carbapenem use may have little impact on limiting the
dissemination of this carbapenemase. In any case, it is impor-
tant to recognize that the KPC enzyme can occur in Entero-
bacteriaceae other than K. pneumoniae and that these isolates
have the potential to transmit the carbapenemase.

Hospital laboratories should suspect carpbapenemase (e.g.,
KPC) production in an isolate of Enterobacteriaceae when it

tests nonsusceptible to a carbapenem or when the carbapenem
MIC is elevated but the isolate remains susceptible (e.g., a
meropenem or imipenem MIC of �1 �g/ml) (9). Carbapenem-
ase production can be confirmed by performing a phenotypic
carbapenemase test, such as the modified Hodge test, and/or
by detection of the carbapenemase gene by PCR (1). Clinical
microbiology laboratories should promptly report any isolates
with a carbapenemase phenotype to the hospital infection con-
trol department so that the use of appropriate contact isolation
precautions may be considered.

We thank Arjun Srinivasan, Linda Weigel, and Brandon Kitchel for
helpful discussions.

The findings and conclusions in this report are those of the authors
and do not necessarily represent the views of the Centers for Disease
Control and Prevention.
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