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Thirty-nine Klebsiella pneumoniae carbapenemase (KPC)-producing Pseudomonas aeruginosa isolates, all exhibiting high-level
resistance to carbapenems and other �-lactam antibiotics, were isolated in Hangzhou, China. Molecular epidemiology analysis
indicated the presence of two dominant clones, namely, clones A and B, both of which belong to sequence type 463 (ST463). A
genetic environment analysis demonstrated that both clones harbor an ISKpn8 transposase, blaKPC-2, and an ISKpn6-like trans-
posase. These findings depict the features of clonal expansion and transmission of KPC-2-producing P. aeruginosa strains in
Hangzhou, China.

Pseudomonas aeruginosa is one of the most common and clini-
cally important pathogens worldwide, causing both high mor-

bidity and mortality among infected patients (1). According to an
antimicrobial resistance surveillance of bacterial pathogens in
China in 2012 (CHINET), the isolation rate of P. aeruginosa
ranked second among the nonfermentative bacteria (2). Carbap-
enems are considered to be the most efficient antibiotics for the
treatment of serious infections caused by multidrug-resistant
Gram-negative bacilli. However, with the widespread use of such
agents, the resistance rates of P. aeruginosa to carbapenems have
increased rapidly. The findings of CHINET also showed that the
rates of resistance of P. aeruginosa to imipenem and meropenem
in 2013 reached 29.0% and 27.0%, respectively (2). The common
resistance mechanisms of P. aeruginosa to carbapenems are the
loss of the outer membrane protein OprD and the overexpression
of efflux pumps and/or the intrinsic chromosomally encoded
AmpC �-lactamase (3). The production of carbapenemases,
which is recognized as another mechanism for carbapenem resis-
tance, varies between countries. A survey conducted in the United
States on 452 carbapenem-resistant P. aeruginosa isolates revealed
that 90.0% of the isolates displayed the loss of OprD, 55.0% ex-
hibited the overexpression of efflux pumps, and 25.0% produced
AmpC �-lactamase; yet only four isolates were observed to pro-
duce carbapenemases (3). Conversely, longitudinal surveillance of
carbapenem-resistant P. aeruginosa isolates in Belarus, Kazakh-
stan, and Russia demonstrated that the incidence of carbapen-
emase production increased yearly, from 4.5% in 2002 to 2004 to
28.7% in 2008 to 2010 (4).

In our study, 398 carbapenem-resistant P. aeruginosa isolates
were collected from 10 hospitals in Zhejiang Province, China, in
2013. The geographical distribution of P. aeruginosa isolates was
as follows: 55 isolates from the Second Affiliated Hospital of Zhe-
jiang University (Hangzhou), 30 isolates from the First Affiliated
Hospital of Zhejiang University (Hangzhou), 21 isolates from the
Sir Run Run Shaw Hospital of Zhejiang University (Hangzhou),
20 isolates from the Red Cross Hospital (Hangzhou), 108 isolates
from Zhejiang Provincial People’s Hospital (Hangzhou), 20 iso-
lates from the Taizhou Hospital of Zhejiang Province (Taizhou),
45 isolates from the Cixi People’s Hospital (Ningbo), 48 isolates
from the Third People’s Hospital of Wenzhou City (Wenzhou),
and 42 isolates from the Second People’s Hospital of Jiaxing City

(Jiaxing). Species identification was performed using the Vitek 2
compact system (bioMérieux, Marcy l’Etoile, France).

All 389 imipenem-resistant isolates detected by the Kirby-
Bauer disk diffusion method, as recommended by Clinical and
Laboratory Standards Institute (CLSI) guidelines (5), were
screened for the most common carbapenemase genes, including
blaKPC (6), blaNDM-1 (7), blaVIM, and blaIMP (8). For the blaKPC-
positive isolates, analyses of the other �-lactamase genes, includ-
ing blaOXA-50, blaCTX-M, blaTEM, blaSHV, blaPER, and blaVEB, were
performed. DNA sequence analysis indicated that 38 P. aeruginosa
isolates harbored the blaKPC-2 gene only, one harbored both the
blaKPC-2 and blaPER-1 genes, and the blaVIM-2 gene and blaIMP-4

gene were each detected in one strain. None of the other �-lacta-
mases genes were detected. All of the 39 KPC-producing P. aerugi-
nosa isolates were collected from Hangzhou (10 isolates from the
2nd Affiliated Hospital of Zhejiang University, 6 isolates from Sir
Run Run Shaw Hospital of Zhejiang University, and 23 isolates
from Zhejiang Provincial People’s Hospital). The features of the
geographical spread of the KPC-2 carbapenemase-producing P.
aeruginosa isolates were similar to those of Enterobacteriaceae in
Zhejiang Province, as reported previously (9, 10), which showed
that such resistant isolates were first found in a big city and sub-
sequently spread rapidly to the surrounding cities. The resistance
mechanisms of the remaining 350 non-KPC-producing carbap-
enem-resistant P. aeruginosa isolates remain unknown but are
most likely due to a loss of the OprD porin and/or the overexpres-
sion of efflux pump genes.

An analysis of the genetic environment of the blaKPC-2 gene in
P. aeruginosa isolates was analyzed using primer-walking sequenc-
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ing, as previously described (11). Twenty-six isolates were com-
pletely identical to the plasmid PE1, which was extracted from a
KPC-2 carbapenemase-producing Escherichia coli isolate from
our previous study (11). The same five major genes, encoding the
Tn3 transposase, Tn3 resolvase, ISKpn8 transposase, KPC-2, and
an ISKpn6-like transposase, were present in both the P. aeruginosa
and E. coli isolates (Table 1). The identical blaKPC-2 nucleotide
segments recovered in both P. aeruginosa and E. coli isolates indi-
cates the probable transmission of blaKPC-2 from Enterobacteria-
ceae to P. aeruginosa.

For the 39 blaKPC-positive isolates, the MICs were determined
using Etest (bioMérieux, Marcy l’Etoile, France) for amikacin,
ciprofloxacin, and gentamicin. The MICs for all other antibiotics
were determined by the agar dilution method, as recommended
by the CLSI (12). None of the isolates were susceptible to carbap-
enems, with MICs ranging from 8 mg/liter to 512 mg/liter for
imipenem and 4 mg/liter to �512 mg/liter for meropenem (Table
1). All isolates were nonsusceptible to cephems and �-lactam–�-
lactamase inhibitor combinations. All P. aeruginosa isolates were
susceptible to polymyxin B, colistin, and amikacin, and 92.3% of
the isolates were susceptible to gentamicin.

To investigate the molecular epidemiology of KPC-producing
P. aeruginosa isolates, pulsed-field gel electrophoresis (PFGE) was
performed as previously described but with a slight modification
(13). Genomic DNA was digested using the restriction enzyme
SpeI, and isolates with a Dice similarity index of �85% were de-
fined as belonging to the same PFGE group (14). Multilocus se-
quence typing (MLST) was performed as recommended by the P.
aeruginosa PubMLST website (http://pubmlst.org/paeruginosa/).
The 39 carbapenem-resistant P. aeruginosa isolates were found to

belong to different clones, designated clones A to O. The most
prevalent clones were A (51.3% [20/39]) and B (12.8% [5/39]).
The isolates of clones A and B were then divided into five sub-
clonal groups (A1 to A5) and 3 subclonal groups (B1 to B3), re-
spectively, on the basis of genetic similarity (Fig. 1). Isolates from
clones A and B were found in several different hospitals, suggest-
ing interhospital clonal spread. Thirty-one of the 39 carbapenem-
resistant P. aeruginosa isolates were found to belong to sequence
type 463 (ST463). The remaining eight isolates belonged to var-
ious single-sequence types, with ST1755 (11-5-5-11-4-4-7)
among them being the most notable. To our best knowledge,
this is the first report of the discovery of ST1755 (11-5-5-11-4-
4-7). A large-scale emergence of clonally related KPC-2-pro-
ducing P. aeruginosa ST463 isolates has never been reported else-
where. Considering the experience given by previous reports (9,
10), the KPC-producing P. aeruginosa ST463 isolates we identified
surely have a high chance of spreading from Hangzhou to the
surrounding cities.

In summary, the present study provides the first report of the
clonal spread of KPC-2-producing ST463 P. aeruginosa isolates. In
view of the rapid emergence and transmission of the KPC-pro-
ducing P. aeruginosa isolates in Zhejiang, China, carbapenem-re-
sistant P. aeruginosa isolates should be carefully monitored, and
increased care must be taken to prevent the spread of KPC-pro-
ducing P. aeruginosa isolates in China.
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