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Production of a Klebsiella pneumoniae carbapenemase (KPC) is the most common mechanism of car-
bapenem resistance in the United States; however, until now, KPC-producing isolates have not been found
in western Michigan. Molecular typing of two KPC-producing K. pneumoniae isolates from Michigan
showed their similarity to other Midwestern isolates. They were also unrelated to the dominant sequence
type observed throughout the United States, multilocus sequence type 258. This could represent regional
dissemination of another KPC-producing K. pneumoniae strain.

Klebsiella pneumoniae carbapenemase (KPC) is an Ambler
class A �-lactamase which confers resistance to all �-lactam
agents, including carbapenems. KPCs occur most commonly in
Klebsiella pneumoniae, although they have been identified
in several other enteric bacteria, including species of Entero-
bacteriaceae and Pseudomonas aeruginosa (15, 16). In addition
to their broad-spectrum activity, KPCs appear to be particu-
larly mobile, making this resistance mechanism a significant
public health concern. The blaKPC gene is usually located on a
plasmid and within the Tn4401 transposon (11). Dissemination
of this resistance mechanism by plasmid transfer between iso-
lates and by transposition of Tn4401 has previously been de-
scribed (4, 7, 13). Also, KPC-producing K. pneumoniae isolates
of a common lineage, sequence type (ST) 258, have been
identified in the United States, Europe, and Israel. This could
represent dissemination of a resistant strain over a broad geo-
graphic area (9, 14).

Within the United States, KPC-producing bacteria are most
commonly isolated in health care institutions located in the
Northeast, specifically metropolitan New York City (2, 3, 10).
KPC-producing bacteria have also been identified in 33 states,
representing each major geographic region of the continental
United States (9). Recently, KPC-producing K. pneumoniae
isolates of the ST 258 lineage were identified in 10 states.
Other STs were also detected in this study; however, the only
evidence of another ST’s dissemination was from two Midwest-
ern isolates identified as ST 14.

We report the occurrence of two patients indentified with
KPC-producing K. pneumoniae in western Michigan and the
relationship of these isolates to other Midwestern isolates.
Previously, only two cases of KPC-producing bacteria were
identified in Michigan: a Klebsiella oxytoca and a Citrobacter
freundii isolate, each identified in a central Michigan health
care institution (13). The two KPC-producing K. pneumoniae
isolates reported here were recovered from urine specimens of
two patients staying in different extended care facilities. In

both cases, the patient had no history of travel to the Northeast
and no hospital stays in other regions of Michigan.

Patient A had a history of infective endocarditis with aortic
valve replacement and type II diabetes and was admitted with
a chief complaint of leg pain. The patient was diagnosed with
a urinary tract infection but had not undergone any recent
surgeries or urological procedures. A urine culture yielded a
KPC-producing K. pneumoniae isolate resistant to imipenem
(MIC, 16 �g/ml), meropenem (MIC, �32 �g/ml), and ertap-
enem (MIC, 32 �g/ml), as determined by Etest using CLSI
interpretive standards (6). Initially, the patient was treated
with nitrofurantoin and levofloxacin and later switched to fos-
fomycin, which resulted in a positive clinical outcome.

Patient B was debilitated from a closed head injury, was
unable to communicate, and had a recent history of bacterial
pneumonia due to Pseudomonas aeruginosa. The patient experi-
enced fever and was also diagnosed with a urinary tract infection.
A urine culture exhibited a KPC-positive K. pneumoniae isolate
demonstrating an ellipse that intersected with the imipenem,
meropenem, and ertapenem Etest strips at 3 �g/ml. Individual
colonies occurred within the elliptical zones of inhibition for all
three of these Etests, indicating resistance. Patient B’s treatment
included doxycycline, cefepime, fosfomycin, metronidazole, and
meropenem, resulting in the patient’s being discharged in stable
condition. Two months later, patient B was readmitted to the
same extended care facility and produced a urine culture exhib-
iting another KPC-positive K. pneumoniae isolate.

KPC-producing K. pneumoniae isolates from patient A (n �
1) and patient B (n � 2, taken 2 months apart) were sent to the
Centers for Disease Control and Prevention (CDC) for further
testing. Pulsed-field gel electrophoresis (PFGE) of XbaI-di-
gested DNA was performed on the three isolates as previously
described for Escherichia coli (http://www.cdc.gov/pulsenet
/protocols.htm), and the results determined that the isolates
from both patients were highly related, with PFGE patterns
demonstrating �91% similarity. These patterns were com-
pared to those in the CDC’s PFGE database of KPC-pro-
ducing K. pneumoniae isolates (n � 402) and clustered with
other isolates from the Midwestern United States, demonstrat-
ing �80% similarity to isolates from Illinois (n � 3) and Mis-
souri (n � 2). Multilocus sequence typing (MLST) was per-
formed on the isolate from patient A, along with one of the
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related Missouri isolates (Fig. 1), in accordance with the pro-
tocol described on the K. pneumoniae MLST website (http:
//www.pasteur.fr/recherche/genopole/PF8/mlst/Kpneumoniae
.html). Both isolates were identified as ST 14, which had
previously been observed in an Italian blood culture isolate
with high-level ceftazidime resistance (8). Since PFGE has a
higher level of discriminatory power than MLST, it is likely
that the other Midwestern isolates with related PFGE patterns
are also ST 14 (1) (see highlighted PFGE patterns in Fig. 1).

Previous reports suggest that KPC spread can be partly
attributed to dissemination of KPC-producing isolates from
patients previously hospitalized in areas where KPC-producing
bacteria are common (12, 17). Based on the lack of travel for
the two Michigan patients, no epidemiologic link could be
associated with KPC-positive isolates from other locations.
The KPC-producing K. pneumoniae isolates from these pa-
tients had MLST and PFGE results similar to those obtained
for isolates from Missouri (2006) and Illinois (2008), which
suggests that there may be regional dissemination of a KPC-
producing strain.

Another concern is that KPC-producing K. pneumoniae ap-
pears to have persisted in patient B for at least a 2-month time
period. Persistence of resistant bacteria in the host enhances
the opportunity for transmission to other patients. Persistence
also increases possible horizontal spread of plasmids contain-
ing blaKPC genes to other enteric bacteria constituting the
host’s normal flora. Fortunately, in these two cases, no trans-

mission of these strains to other patients within the hospitals
was detected. This was most likely the result of infection con-
trol measures (i.e., placing the patient in contact isolation) that
were immediately instituted upon the report of the presump-
tive presence of a KPC-positive isolate as determined by the
phenotypic tests done in the hospital’s microbiology labora-
tory. Further recommended infection control measures can be
found on the CDC’s website (http://www.cdc.gov/ncidod/dhqp
/guidelines.html) (5).

These findings highlight the possibility for regional dissem-
ination of KPC-producing isolates. The spread of KPC-pro-
ducing bacteria is a significant infection control problem, and
prevention of dissemination will require a combination of ac-
curate laboratory detection of resistance and good communi-
cation between microbiology laboratory and infection control
officials.

The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the CDC.
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