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Abstract

Background: Multi-drug resistant Klebsiella pneumoniae strains are a common cause of health care associated
infections worldwide. Clonal spread of Klebsiella pneumoniae isolates carrying plasmid mediated CTX-M-15 have
been commonly reported. Limited data is available regarding dissemination of chromosomally encoded CTX-M-15
in Klebsiella pneumoniae worldwide.

Results: We examined 23 non-repetitive ESBL-producing Klebsiella pneumoniae strains isolated from clinical specimens
over a period of 4 months in a German University Hospital. All isolates were characterized to determine their genetic
relatedness using Pulsed-Field Gel Electrophoresis (PFGE) and Multi Locus Sequence Typing (MLST). PFGE revealed three
clusters (B1, B2, and B3) with a sub-cluster (A3) comprising of 10 isolates with an identical PFGE pattern. All strains of
the cluster B3 with similar PFGE patterns were typed as ST101, indicating an outbreak situation. The ESBL allele
blaCTX-M-15 was identified in 16 (69.6 %) of all isolates, including all of the outbreak strains. Within the A3 sub-cluster, the
CTX-M-15 allele could not be transferred by conjugation. DNA hybridization studies suggested a chromosomal location
of blaCTX-M-15. Whole genome sequencing located CTX-M-15 within a complete ISEcp-1 transposition unit inserted into
an ORF encoding for a putative membrane protein. PCR-based analysis of the flanking regions demonstrated that
insertion into this region is unique and present in all outbreak isolates.

Conclusion: This is the first characterization of a chromosomal insertion of blaCTX-M-15 in Klebsiella pneumonia ST101, a
finding suggesting that in Enterobacteriaceae, chromosomal locations may also act as reservoirs for the spread of
blaCTX-M-15 encoding transposition units.
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Background
Klebsiella pneumoniae (K. pneumoniae) is among the most
common multi-resistant bacteria causing healthcare associ-
ated infections [1–3]. Extended-spectrum β-lactamase
(ESBL) producing K. pneumoniae are associated with both
hospital and community infections [1, 4]. Worldwide, there
is an increasing number of reports on CTX-M producing
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K. pneumonia isolates, as evidenced from data presented
in different multi-centre studies. K. pneumoniae isolates
with plasmids harbouring CTX-M-15 have been re-
ported from clinical isolates both from Europe and
America [1, 2, 5–7]. The mobility of genetic elements,
in particular those conferring antibiotic resistance traits,
together with clonal expansion contributes to the per-
sistence of these strains in hospitals and in the commu-
nity [4, 8]. There are currently only a few reports of
chromosomally encoded CTX-M alleles in Escherichia
coli, K. pneumoniae, Salmonella enterica and Proteus
mirabilis [8–10]. Recently, K. pneumoniae strains with
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Table 1 Primers used in this study to investigate CTX-M-15
location

Name Nucleotide-Sequence (5’-3’)

DOW2.55 GCATCCAAGAGATTCTATCG

DOW2.5 CATACACTCCCTTGTACGG

MP4b-F TCCTCGACGTTCACGTCT

MP-3 F AGGGTGAAGCTCAGCTTG

ALA2b ATGGTTAAAAAATCACTGCG

ALA3b TTTGCGCATACAGCGGCACAC

P2BC CGCTGATTTAACAGATTCGG

PIAc GGCGATCCGCGTGATACCAC

P2Dc CAGCGCTTTTGCCGTCTAAG

MF-2 F TGACGATGACCGCTTTCT

MF-2R CGTCGACTACAGCTTTAA
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chromosomally integrated CTX-M-15 at an undeter-
mined locus were typed as ST1 in a Spanish study [8].
Here we report the clonal outbreak of ESBL producing

K. pneumoniae carrying blaCTX-M-15 in a distinct
chromosomal location.

Methods
Bacterial isolates
Twenty-three non-repetitive, phenotypically proven ESBL
producing- K. pneumoniae clinical isolates collected con-
secutively were studied. They represent 11.6 % of all
K. pneumoniae isolated during the study period. These
isolates were taken from miscellaneous specimens includ-
ing urine, sputum, blood and various swabs over a period
of 16 weeks from January 2007 to May 2007. The ESBL
phenotype was detected using disk diffusion methods [11].
In addition to routine antimicrobial susceptibility testing
by disk diffusion, the Minimal Inhibitory Concentrations
(MIC) for cefepime and tigecycline were determined using
E-Test stripes (AB BIODISK, Sweden) following the man-
ufacturer’s instruction. Isolates with a MIC of ≥ 8 mg/L for
cefepime and a MIC of ≥ 2 mg/L for tigecycline were con-
sidered resistant according to recommendations made by
the Clinical Laboratory Standards Institute 2010 (CLSI,
USA).

Genetic relatedness and genes encoding for β-lactamases
All isolates were screened for the presence of CTX-M,
TEM and SHV genes using primers and methods de-
scribed previously [12]. PCR fragments were sequenced
with the ABI Prism 3100 sequencer (Life technology/Ap-
plied Biosystems, USA). DNA sequence analysis was per-
formed using the DNASTAR software (DNASTAR,
USA) and homology searches performed using the NCBI
Blast database (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
PFGE was performed according to the Pulse Net

protocol of the Centre for Disease Control and Preven-
tion (Atlanta, USA). Strain differentiation by PFGE ana-
lysis was achieved by comparison of band patterns using
Gelcompar II (Applied Maths, Belgium). Patterns were
normalized using the molecular weight marker (PFGE
Lambda Marker, New England Biolabs, Germany). The
similarity coefficient (SAB) of sample pairs was calcu-
lated based on band positions by using the DICE metric
[13, 14]. Dendograms were generated to visualize rela-
tionships among the isolates. The cut-off value in the
dendograms was calculated at a SAB of 0.97 as a thresh-
old for defining clusters of genetically similar isolates.
Phylogenetic grouping was performed using a rapid

method combining gyrA PCR- restricted fragment length
polymorphisms analysis (RFLP), parC-PCR and adonitol
fermentation as described previously [15]. PCR based
replicon typing was done as described by Carattoli et al.
[16] to determine the replicons of plasmid in all clinical
isolates. To detect sequence type (ST), MLST was per-
formed as described previously [17]. Briefly, PCR for
seven housekeeping genes (rpoB, gapA, mdh, pgi, phoE,
infB and tonB) was conducted and the products were
directly sequenced and analyzed for single loci variants.

Location of the CTX-M-15 gene
Conjugation was performed using plate mating experi-
ments as described [18] . Plasmid analysis was done using
the method described [19]. The DNA was transferred on a
polyvinyl-based membrane using overnight capillary trans-
fer (CUMC Protocol for Southern Blot, New York) and
hybridization done using a CTX-M-15 DIG labelled probe
(DIG High Prime DNA Labelling and Detection Starter Kit
II, Roche, Germany) following manufacturer’s instructions.
The whole genome sequence of chromosomal DNA

of isolate number 39 was determined. Chromosomal
DNA was isolated from an overnight culture with the
Purelink DNeasy kit according to the manufacturer’s
instructions (Invitrogen, Germany). The DNA was then
sheared to about 290 bp on the Bioruptor sonication sys-
tem (Diagenode, Belgium). A chromosomal DNA library
was built on the ABI library builder, using the Library
Builder™ Fragment Core Kit for SOLiD® 4 according to the
protocol demonstrated by Life Technologies (Life Tech-
nologies, Germany). The library was then sequenced on a
316 Ion Torrent Chip using the Ion PGM 200 Sequencing
Kit (Life Technologies, Germany). The Ion Torrent PGM
(Life Technologies, Germany) produced 2.8 million reads
with an average length of 185 bp, which amounted to
525.33 Mbp of bases, 324.43 Mbp of which were Q20 or
higher quality. The reads were assembled using MIRA 3.4
[20], resulting in 650 contigs larger than or equal to 500 bp
with an average coverage of 69.9 ×. The N50 contig size
was 18,876 bp. The assembly was improved by manually
adding PCR reads in Lasergene Seqman software environ-
ment (DNASTAR, USA). A CTX-M-15 carrying insertion
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Table 2 PCR fragment sizes with defined primer combinations
as calculated based on the chromosomal insertion*

Forward Primer Reverse Primer Resulting PCR-Fragment
length in base pairs (bp)

ALA2b ALA3b 88

ALA2b P2Bc 290

ALA2b P2Dc 941

ALA2b MP4b-F 1516

MP-3 F DOW2.55 1156

MP-3 F DOW2.5 1718

MP-3 F ALA3b 2078

MP-3 F P2Bc 2280

MP-3 F P2Dc 2931

MP-3 F MP4b-F 3506

P1Ac P2Dc 410

P1Ac MP4b-F 985

MF-2 F MF-2R 3435

*When the insertion is not present at the examined locus, no specific PCR
fragments should be able to be generated, except for the last primer pair,
which should then give a PCR product of 459 base pairs (bp)
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element was detected on the chromosome. The inverted re-
peats of th element were found by comparing the sequence
to those of Partridge [21] and Fukui et al. (accession num-
ber AB701572.1). Primers were designed (Tables 1 and 2)
to study the regions flanking CTX-M-15.
Fig. 1 Dendogram (UPGMA, DICE) showing the similarity for the 23 K. pneu
clone A3, Phylogenetic group, wards A-I, PFGE clusters, isolate numbers an
Ethical approval
The study was approved by the ethics committee of the
medical faculty of the Justus-Liebig-University of Gies-
sen (AZ: 95/11). All samples were taken as part of stand-
ard care procedures.
Results
ESBL alleles, susceptibility and genetic relatedness
PFGE displayed 3 clusters (B1-B3) using a similarity co-
efficient (SAB) of 0.8 (Fig. 1). Cluster B3 with 19 (83 %)
isolates formed the largest group; within this cluster
there were 10 isolates which had an identical PFGE pat-
tern (SAB 1.0, sub-cluster A3). Cluster B3 isolates were
assigned to sequence type 101 and cluster B2 to the re-
cently reported ST628, while a representative isolate
from cluster B1 was assigned to ST16.
All isolates were resistant to cefotaxime, ceftazidime, cef-

triaxone, gentamicin, ciprofloxacin, trimethoprim /sulpha-
methaxazole and cefepime but sensitive to imipenem,
meropenem and tigecycline. CTX-M genes were found in
19/23 of K. pneumoniae isolates. CTX-M-15 was the most
common allele found in 16/23 of isolates (Table 3). Isolate
no. 71 had the same PGFE pattern as sub clone A3 isolates
and phenotypically confirmed for ESBL production by disk
approximation method. Even though the original strain
was resistant to cefepime, on subculture it became sensitive
moniae ESBL positive strains. Line B indicates 80 % similarity. Note the
d sequence type (ST)



Table 3 Characteristics of the 23 K. pneumoniae isolates

Isolate Ward PFGE cluster/group ESBL type Antibiotic resistance other than β-Lactams Incompatibility group

20 A B1 CTX-M-3, TEM-1 GM, TET, SXT, CIP FIA, FIB

61 G B1 TEM-104 GM, TET, SXT, CIP FII, FIA, FIB

25 I B2 TEM-54 GM, TET, SXT, CIP FII, FIA, FIB

57 C B2 CTX-M-15, TEM-1 GM, TET FIA

76 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

82 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

84 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

115 A B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA

116 A B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

30 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

33 A B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

34 I B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

39 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

31 C B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

46 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

65 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB
*71 B B3 TEM-1 GM, TET, SXT, CIP FIA, FIB

78 B B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

96 G B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

80 A B3 CTX-M-15, TEM-1 GM, TET, SXT, CIP FIA, FIB

89 C B3 CTX-M-3, TEM-1 GM, TET, SXT, CIP FIA, FIB

5 C B3 TEM-104 GM, TET, SXT, CIP ND

52 A B3 CTX-M-3, TEM-1 GM, SXT, CIP FIA, FIB

*This isolate was positive for ESBL phenotypically but no ESBL gene was found
GM: Gentamicin, TET: Tetracycline, CIP: Ciprofloxacin, SXT: Sulphamethaxazole/trimethoprim, ND: not determined
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with a MIC of 0.125 μg/ml. The *71 isolate was found to
lack the CTX-M15 gene.

Plasmid analysis and chromosomal location
Plasmid analysis revealed that all isolates harboured
multiple plasmids of various sizes ranging from less than
48.5 kb to 436.5 kb. Despite this fact, the CTX-M-15 re-
sistance gene was not transferable from PFGE B3 sub
cluster A3 isolates (n = 10) by conjugation or transform-
ation in multiple attempts made. Hybridization using a
CTX-M-15 DIG labelled probe indicated a chromosomal
location in five isolates of PFGE type B3 subclone A3.
Several colonies selected on a lysogeny broth plate con-
taining 2 mg/L cefotaxime with a positive CTX-M PCR
and phenotypically confirmed for ESBL production, were
investigated for the insertion locus of the CTX-M-15 al-
lele. In all cases a complete CTX-M-15/ISEcp1-element
of 2,971 bp with flanking direct repeats (TCAAC) was
found (Fig. 2 a/b). Comparison of the contig sequence
obtained by whole-genome sequencing of a representa-
tive isolate (no.39/URO33115) of the PFGEsub cluster
A3, which harbours the CTX-M-15/ISEcp1-element, with a
reference strain sequence (K. pneumoniae 342, accession
number CP000964.1) revealed that the element is inserted
between the coding sequences (CDS) KPK_0275 (hypothet-
ical protein) and KPK_0276 (putative membrane protein,
Fig. 2 a/b), indicating integration of the transposition unit
harbouring the ISEcp1 insertion sequence and the CTX-M-
15 gene into the chromosome of the outbreak strain. The
resulting contig sequence was deposited in the GenBank
nucleotide database under accession number HG780615.
The other 9 strains within the sub-cluster A3 (ST101)

were all tested positive for the same insertion locus using
a specifically developed, sequence-based PCR-assay under-
lining their clonal identity (Table 2).

Discussion
The study documents the presence of K. pneumoniae
clones carrying a chromosomally located CTX-M-15 in
a large University Hospital in Germany. The high preva-
lence of CTX-M-15 is consistent with many other stud-
ies worldwide [4, 6] but unlike those studies in a subset
of isolates, the CTX-M-15 gene was not transferable by
conjugation or transformation and DNA hybridization



Fig. 2 Schematic diagram showing the chromosomal insertion site and the surrounding environment. a overview and chromosomal context
compared to the reference genome of K. pneumoniae 342, accession number CP000964.1 b detailed view of the chromosomal insertion locus of
blaCTX-M-15 in Klebsiella pneumoniae UR033115 (investigated clone no. 39) and binding sites of primers as seen in the Tables 1 and 2
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studies indicated a chromosomal localization for the
gene. This was confirmed by whole genome sequencing
and PCR mapping studies. Descriptions of chromosomal
locations of ESBL genes in clinical isolates are extremely
rare, with only a single report of chromosomally located
CTX-M-15 at an undetermined location for a K. pneu-
moniae ST1 isolate and unlike the outbreak isolates re-
ported here which were typed as ST101 [8]. ST101
belongs to the clonal complex 11; this clonal complex of
K. pneumoniae has been associated with different ESBL
alleles including CTX-M-15, OXA-48 and more recently
KPC [22, 23]. It is now globally disseminated and is as-
sociated with healthcare-associated infections in North
America, Europe and Asia [23–25]. It is worth noting
that in most of the studies describing the epidemiology
of blaCTX-M-15, the location of the gene is not always
stated, thus a chromosomal location may be a more
common phenomenon than previously suspected.
In the present study the complete ISEcp1/CTX-M-15

transposition unit with inverted repeats was found to be lo-
cated on the chromosome, resulting in the duplication of a
5 bp repeat sequence (TCAAC). The organization of this
transposition unit was similar as in conjugative IncF plas-
mids [12, 26] where the CTX-M-15 gene was also found
49 bp downstream of ISEcp1. As described in reference
plasmids the right inverted repeat was located in ORF477
(378 bp; GenBank accession no. HQ157357), downstream
of the CTX-M-15 gene. This organization has been ob-
served in 98 % of IncF plasmids carrying CTX-M-15 and
also in the chromosome of Kluyvera ascorbata carrying
CTX-M-3 [27]. Chromosomally encoded β-lactamases
from some Kluyvera species have been proposed as a pos-
sible source of CTX-M enzymes. The finding from this
study suggests that other Enterobacteriaceae might also act
as intermediate hosts and as a possible source of CTX-M
genes.
Conclusions
For the first time we describe the site of integration of a
complete CTX-M-15/ISEcp1 element into the chromo-
some of a K. pneumoniae ST101 strain. This insertion site
is distinct and differs markedly from a recently published
sequence of a K. pneumoniae ST11 isolate where CTX-M-
15 alleles were present both on a plasmid as well as a
chromosomal location (CP006659.1, K. pneumoniae
ATCC BAA-2146) [28]. The site of insertion also differs
from that reported for the ST131 E. coli JJ1886 strain [29].
Our studies also reveal the presence of several large IncF
plasmids in K. pneumoniae which have hitherto been
poorly characterized, warranting additional studies. Using
data derived in this study we have devised a specific PCR-
based assay to examine for the chromosomal insertion of
CTX-M-15 in ST101 K. pneumoniae isolates.
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