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Amultilocus sequence typing (MLST) scheme including 7 housekeeping genes was used to evaluate whether the
current spread ofmultidrug-resistant Enterobacter cloacae isolatesworldwidemight be associated to specific suc-
cessful clones. Fifty E. cloacae clinical isolates of worldwide origin, with various β-lactamase content, and recov-
ered at different periods of time were studied. Forty-four sequence types were identified, highlighting a high
clonal diversity with 3 main lineages. This study revealed that a precise identification of the isolates by sequenc-
ing of the chromosomal ampC gene of E. cloacaewould provide a significant added value to improve the reliability
of the MLST scheme.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Although Enterobacter cloacae is an enterobacterial species that pos-
sesses several naturally occurring resistance mechanisms, acquired
multidrug resistance is increasingly observed. Resistance to β-lactams
in that species may be related to overexpression of chromosomal
ampC β-lactamase genes, acquisition of plasmid-mediated extended-
spectrum β-lactamase (ESBL), or carbapenemase genes, those latter
genes encoding KPC type; OXA-48 type; or metallo-β-lactamases of
the VIM-, IMP-, and NDM-1 types (Girlich et al., 2014; Ikonomidis
et al., 2007; Novak et al., 2014; Pasanen et al., 2014; Pestourie et al.,
2014; Poirel et al., 2014). Identifying clonal spread of multidrug-
resistant isolates recovered from geographically distant locations re-
mains difficult, since data are being obtained mainly by using the
pulsed-field gel electrophoresis technique, which provides heteroge-
neous and noncomparable data. By contrast, multilocus sequence typ-
ing (MLST) provides interlaboratory comparison of epidemiological
data. We have used here a recently described MLST scheme including
7 housekeeping genes (Miyoshi-Akiyama et al., 2013) in order to per-
form an epidemiological comparison of 50 multidrug-resistant E. cloacae.
This study focuses on multidrug-resistant isolates and, in particular,
those producing the NDM-1 or OXA-48 carbapenemases and the ESBL
CTX-M-15. The aim was to evaluate i) whether some specific sequence
types (STs) with a peculiar β-lactamase content might be disseminated
among various countries and ii) whether ESBL- and carbapenemase-
producing isolates might correspond to the same strain backgrounds as
those of the ESBL-positive but carbapenemase-negative isolates.

2. Methods

2.1. Clinical isolates

Fifty E. cloacae clinical isolates ofworldwideorigin and recovered at dif-
ferent periods of time (from 1994 to 2013)were included. Theywere ran-
domly selected from our international collection, including isolates from
India, Lebanon, France, Vietnam, Morocco, Turkey, and Algeria. They have
been characterized for their β-lactamase content at the molecular level.
The isolates were either wild-type strains (n = 3), AmpC overproducers
(n = 10), ESBL producers of the CTX-M-15 type (n = 16), and
carbapenemase producers (n = 24) (Table 1). Isolates were identified by
the API20E biochemical test (bioMérieux, Marcy l’Etoile, France).

2.2. MLST and phylogenetic analysis

MLST primers targeted 7 housekeeping genes (dnaA, fusA, gyrB, leuS,
pyrG, rplB, and rpoB) with PCR conditions, as recommended (Miyoshi-
Akiyama et al., 2013). Purified PCR products were sequenced using an
ABI3130 apparatus (Applied Biosystems, Life Technologies SAS, Saint
Aubin, France). Concatenated sequences of the 7 DNA fragments
(3501 nucleotides in total) were obtained from the Web site (http://
pubmlst.org/ecloacae/) and compared using the Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) method. A phylogenic
tree was inferred by bootstrap phylogenetic inference using Molecular
Evolutionary Genetics Analysis Version 6.0. software (MEGA6)
(Tamura et al., 2013). These sequences were compared with 3
concatenated reference sequences (ST2, ST3, and ST9), corresponding
to the 3 main clades of ST for E. cloacae isolates, as reported by
Miyoshi-Akiyama et al. (2013). Searches of the GenBank databases
were carried out using the NCBI BLASTn option (www.ncbi.nlm.nih.
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Table 1
E. cloacae isolates used in this study.

a Isolates of ST 25, 229, 249, and 250 have been identified as E. asburiae; isolate of ST248 has been identified as E. aerogenes and should, therefore, be excluded
from this MLST scheme if strictly restricted for E. cloacae isolates.
b E. cloacaewith ST114 are indicated with a gray shadow.
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