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ABSTRACT The aim of this study was to characterize the first cases and outbreaks
of OXA-48-like-producing Enterobacteriaceae recovered from hospital settings in the
Czech Republic. From 2013 to 2015, 22 Klebsiella pneumoniae isolates, 3 Escherichia
coli isolates, and 1 Enterobacter cloacae isolate producing OXA-48-like carbapen-
emases were isolated from 20 patients. Four of the patients were colonized or in-
fected by two or three different OXA-48-like producers. The K. pneumoniae isolates
were classified into nine sequence types (STs), with ST101 being predominant (n �

8). The E. coli isolates were of different STs, while the E. cloacae isolate belonged to
ST109. Twenty-four isolates carried blaOXA-48, while two isolates carried blaOXA-181 or
blaOXA-232. Almost all isolates (n � 22) carried blaOXA-48-positive plasmids of a similar
size (�60 kb), except the two isolates producing OXA-181 or OXA-232. In an ST45 K.
pneumoniae isolate and an ST38 E. coli isolate, S1 nuclease profiling plus hybridiza-
tion indicated a chromosomal location of blaOXA-48. Sequencing showed that the
majority of blaOXA-48-carrying plasmids exhibited high degrees of identity with the
pOXA-48-like plasmid pE71T. Additionally, two novel pE71T derivatives, pOXA-
48_30715 and pOXA-48_30891, were observed. The blaOXA-181-carrying plasmid was
identical to the IncX3 plasmid pOXA181_EC14828, while the blaOXA-232-carrying plas-
mid was a ColE2-type plasmid, being a novel derivative of pOXA-232. Finally, se-
quencing data showed that the ST45 K. pneumoniae and ST38 E. coli isolates har-
bored the IS1R-based composite transposon Tn6237 containing blaOXA-48 integrated
into their chromosomes. These findings underlined that the horizontal transfer of
pOXA-48-like plasmids has played a major role in the dissemination of blaOXA-48 in
the Czech Republic. In combination with the difficulties with their detection, OXA-48
producers constitute an important public threat.

KEYWORDS Klebsiella pneumoniae, Tn1999.2, IncL, OXA-181, OXA-232, ColE2-like,
IncX3, Tn1999.5

Since the beginning of the 2000s, carbapenemases of the Ambler class A KPC type
or class B type, including IMP- and VIM-like enzymes, were considered to be the

most important carbapenemases in Enterobacteriaceae. In 2001, the class D �-lactamase
OXA-48, which possesses weak but significant carbapenemase activity, was first de-
tected from a carbapenem-resistant Klebsiella pneumoniae isolate that had been recov-

Received 29 August 2016 Returned for
modification 28 September 2016 Accepted
14 October 2016

Accepted manuscript posted online 14
November 2016

Citation Skalova A, Chudejova K, Rotova V,
Medvecky M, Studentova V, Chudackova E,
Lavicka P, Bergerova T, Jakubu V, Zemlickova H,
Papagiannitsis CC, Hrabak J. 2017. Molecular
characterization of OXA-48-like-producing
Enterobacteriaceae in the Czech Republic and
evidence for horizontal transfer of pOXA-48-
like plasmids. Antimicrob Agents Chemother
61:e01889-16. https://doi.org/10.1128/
AAC.01889-16.

Copyright © 2017 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Costas C.
Papagiannitsis, c.papagiannitsis@gmail.com.

MECHANISMS OF RESISTANCE

crossm

February 2017 Volume 61 Issue 2 e01889-16 aac.asm.org 1Antimicrobial Agents and Chemotherapy

http://orcid.org/0000-0002-9912-9028
https://doi.org/10.1128/AAC.01889-16
https://doi.org/10.1128/AAC.01889-16
https://doi.org/10.1128/ASMCopyrightv1
mailto:c.papagiannitsis@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1128/AAC.01889-16&domain=pdf&date_stamp=2016-11-14
http://aac.asm.org


ered in Istanbul, Turkey (1). Soon, a series of sporadic cases, but also hospital outbreaks,
was reported in the main cities of Turkey (2, 3). At about the same time, the blaOXA-48

gene, most often in K. pneumoniae isolates, was also identified in other Middle Eastern
and North African countries (4, 5). All those countries can be considered important
reservoirs of OXA-48 producers.

Additionally, OXA-48 producers have been identified sporadically in several Euro-
pean countries, including the United Kingdom, Belgium, France, Germany, and the
Netherlands (3). The emergence of OXA-48 producers in these countries has been
attributed mainly to colonized patients who transferred from North Africa and Turkey
(6). These data indicated that the spread of the blaOXA-48 gene was limited to Turkey,
the Middle East, and North Africa. However, in countries such as the United Kingdom,
France, Belgium, and Germany, recent studies revealed the emergence of OXA-48-
producing Enterobacteriaceae in hospital settings, supposing a much more important
spread than was previously thought (7–10). Notably, concern was raised by the
occurrence of OXA-48 producers in the community in the countries of North Africa and
Europe (3, 11). Indeed, the fact that their detection is difficult might have played a
significant role in the spread of OXA-like producers, which have somehow been silent.
Actually, the expression of the blaOXA-48 gene in the absence of additional resistance
mechanisms (e.g., low levels of expression of porins) confers only a low level of
resistance to carbapenems. Also, there is no inhibitor-based phenotypic test that can
recognize the production of OXA-48-type enzymes. Thus, these two main points do not
contribute to the easy recognition of OXA-48-like producers.

In the Czech Republic, the occurrence of carbapenemase-producing Enterobacteri-
aceae (CPE) was rare, with only a total of two cases being detected in 2009 and 2010
(12). In 2011, the occurrence of CPE increased, and this was mainly due to two hospital
outbreaks (13). To contain this increase, in 2012, the Ministry of Health issued national
guidelines for the management of patients infected and colonized with CPE (13). In
2012 and 2013, only an outbreak of VIM-producing isolates and four sporadic cases
were reported (14). The sporadic cases included two NDM-producing Enterobacteria-
ceae (15, 16) and the first two OXA-48-producing K. pneumoniae isolates identified in
the Czech Republic. These data supposed the success of the national guidelines.
However, an increase in the occurrence of CPE was observed during 2014 and 2015,
and this was mainly due to the spread of OXA-48-like-producing Enterobacteriaceae in
Czech hospitals.

The aim of the present study was to characterize the OXA-48-like producers de-
tected in Czech hospitals in 2014 and 2015.

RESULTS AND DISCUSSION
Carbapenemase-producing Enterobacteriaceae. A total of 52 Enterobacteriaceae

isolates showing carbapenemase activity on a matrix-assisted laser desorption ioniza-
tion–time of flight mass spectrometry (MALDI-TOF MS) meropenem hydrolysis assay
were recovered from Czech hospitals during 2014 (n � 17) and 2015 (n � 35). PCR
screening showed that 50 of the isolates were positive for one carbapenemase gene (17
isolates from 2014 [blaKPC, n � 4; blaVIM, n � 4; blaNDM, n � 7; blaOXA-48-like, n � 2] and
33 isolates from 2015 [blaKPC, n � 8; blaVIM, n � 2; blaNDM, n � 2; blaOXA-48-like, n � 21]),
while the remaining 2 isolates were positive for the presence of two carbapenemase
genes (blaVIM and blaIMP, n � 1; blaOXA-48-like and blaNDM, n � 1).

OXA-48-like-producing isolates. Altogether, 24 nonrepetitive isolates producing
OXA-48-like carbapenemases were isolated from 18 patients in 2014 and 2015. Among
them, 20 of the isolates were identified to be K. pneumoniae, 3 were identified to be
Escherichia coli, and 1 was identified to be Enterobacter cloacae. Four of the patients
were colonized or infected by two or three different OXA-48-like producers (Table 1).
Additionally, the two OXA-48-like-producing K. pneumoniae isolates identified in 2013
were studied.

OXA-48-like producers were collected from seven Czech hospitals located through-
out the Czech Republic. Hospital B was the setting with the highest occurrence of
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OXA-48 producers. In June 2013, the first OXA-48 producer (Kpn-82929) identified in
the Czech Republic was isolated from a newborn. The second OXA-48-producing isolate
(Kpn-63870) was recovered from a patient who was directly repatriated from Romania.
From April 2014 to March 2015, three further patients colonized or infected with
OXA-48-producing K. pneumoniae were identified. Additionally, in hospital B, an out-
break that included six patients diagnosed with OXA-48-producing K. pneumoniae
lasted from August to December of 2015. Only two cases of OXA-48-producing K.
pneumoniae isolates were reported in hospital A1. The first case, a 1-year-old child, who
was directly repatriated from a Russian hospital, was colonized or infected by three
OXA-48-producing isolates: K. pneumoniae Kpn-04976 and Kpn-04963 and E. cloacae
Ecl-04292. One month later, the transmission of an OXA-48-producing K. pneumoniae
isolate (Kpn-05159) to an infant who stayed in the same department was found. An
OXA-48 outbreak restricted to three patients occurred in hospital D. A patient that had
recently traveled to Ukraine was diagnosed with two OXA-48-producing isolates of K.
pneumoniae (Kpn-30715 and Kpn-30891) in August of 2015. Two further patients
colonized or infected with OXA-48-producing K. pneumoniae were identified until
September. The remaining four cases were detected in four different hospitals. Two of
those cases had recently traveled abroad (to India [Kpn-30929] and Tunisia [Kpn-
31569]), while no data on whether the other two patients had traveled abroad or had
previously been hospitalized were available.

All 26 OXA-48-like producers exhibited resistance to piperacillin and piperacillin-
tazobactam (data not shown), while the variations in the MICs of cephalosporins and
carbapenems that were observed (Table 1) might reflect the presence of additional
resistance mechanisms in some of the isolates. Seventeen of the OXA-48-like producers
also exhibited resistance to ciprofloxacin; 16 were resistant to gentamicin, 6 were
resistant to tigecycline, and 5 were resistant to amikacin, whereas 2 isolates were
resistant to colistin.

The population structure of OXA-48-like-producing isolates studied by multilocus
sequence typing (MLST) is shown in Table 1. The K. pneumoniae isolates comprised nine
sequence types (STs). ST101 was the most prevalent, accounting for eight isolates. The
majority of ST101 isolates (7/8) was recovered from patients hospitalized in hospital B.
Ten of the isolates were distributed in STs 461 (n � 4, from hospital B), 11 (n � 2, from
hospital D), 15 (n � 2), and 395 (n � 2, from hospital A1). The remaining isolates
belonged to distinct STs. STs 11, 15, 45, 101, 395, and 461 have previously been
associated with OXA-48-like-producing isolates from several geographical areas (17–
19). All three E. coli isolates were of different STs, including the pandemic ST38 (19–21).
The E. cloacae isolate was assigned to ST109, previously associated with the production
of the CTX-M-15 or SHV-12 enzyme (22).

Sequencing of the PCR products revealed three blaOXA-48-type genes encoding the
OXA-48, OXA-181, and OXA-232 enzymes (Table 1) (1, 23, 24). Twenty-four of the
isolates were found to produce the OXA-48 �-lactamase, while the ST18 K. pneumoniae
isolate produced the OXA-181 enzyme. The remaining K. pneumoniae isolate, which
belonged to ST15, coproduced the OXA-232 and NDM-1 carbapenemases. Additionally,
most of blaOXA-48-like-positive isolates were confirmed to coproduce the extended-
spectrum �-lactamase CTX-M-15 (n � 17) either alone or along with TEM-1 (n � 16)
and/or OXA-1 (n � 5), whereas the ST45 OXA-48-producing K. pneumoniae isolate
coproduced the CTX-M-14 �-lactamase.

blaOXA-48-like-carrying plasmids. The blaOXA-48-like genes from 24 out of 26

clinical strains were transferred by conjugation (n � 23) or transformation (n � 1) (Table
1). Neither the ST45 K. pneumoniae isolate nor the ST38 E. coli isolate was capable of
transferring the blaOXA-48 gene by either conjugation or transformation. All blaOXA-48-
like-positive recombinants exhibited similar resistance phenotypes, showing resistance
to piperacillin and piperacillin-tazobactam and decreased susceptibility or resistance to
imipenem and ertapenem, while they remained susceptible to cephalosporins and
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meropenem. Additionally, all blaOXA-48-like-positive recombinants were susceptible to
non-�-lactam antibiotics.

Plasmid analysis of OXA-48-producing donor and transconjugant strains revealed
the transfer of plasmids, all of which were �60 kb (Table 1). The OXA-181-producing
transconjugant carried a blaOXA-48-like-positive plasmid with a size of �50 kb, while the
OXA-232-producing transformant harbored a plasmid of �10 kb that hybridized with
a blaOXA-48-like probe. Moreover, in the S1 nuclease profiles of the OXA-48-producing
ST45 K. pneumoniae and ST38 E. coli isolates, the blaOXA-48-like probe hybridized only
with the largest DNA bands, corresponding to the chromosomal material.

Replicon typing showed that all plasmids carrying blaOXA-48 were positive for the
IncL allele, whereas the blaOXA-181- and blaOXA-232-carrying plasmids were nontypeable
by PCR-based replicon typing (PBRT).

Structure of blaOXA-48-like-carrying plasmids. The complete sequences of all
blaOXA-48-like-carrying plasmids were determined. Illumina sequencing revealed three
types of plasmid sequences (types A to C), with type A being the most prevalent and
including three subtypes (subtypes A0, A1, and A2).

All blaOXA-48-carrying plasmids belonged to type A and were derivatives of the
archetypal IncL blaOXA-48-carrying plasmid pOXA-48 (Fig. 1), originally described in the
K. pneumoniae 11978 isolate recovered in Turkey in 2001 and then reported worldwide
(25). Nineteen out of the 22 sequenced blaOXA-48-carrying plasmids (type A0; Table 1)
showed high degrees of similarity to each other and to pE71T (100% coverage, 99%
identity), previously characterized from K. pneumoniae E71T isolated in Ireland (26).
Plasmid pE71T differed from pOXA-48 by the insertion of two copies of the IS1R
element. The carbapenemase gene was part of the Tn1999.2 transposon, which in-
cluded IS1R integrated in IS1999 located upstream of the blaOXA-48 gene (2). The second
IS1R was inserted into orf25. Plasmids pOXA-48_30715 and pOXA-48_30890 (type A1),
both of which were isolated from ST11 K. pneumoniae isolates, differed from pE71T by
the insertion of a 1,911-bp fragment encoding a reverse transcriptase (RetA) upstream
of the mucAB operon. Plasmid pOXA-48_30891 (type A2) was a pE71T derivative
carrying a novel variant of the Tn1999.2 transposon (designated Tn1999.5) in which the
lysR gene was truncated by the ISKpn19 element. Interestingly, plasmids pOXA-
48_30715 and pOXA-48_30891 were characterized from two different K. pneumoniae
isolates recovered from the same patient (Table 1). Among all type A blaOXA-48-carrying
plasmids, no resistance genes other than blaOXA-48 were identified, as previously
described for pOXA-48 and its relatives (25–27).

pOXA-181_29144 (type B) (Fig. 1), encoding OXA-181, was an IncX3-type plasmid
that was identical to pOXA181_EC14828 (100% coverage, 100% identity), which to date
has been described only in China from an ST410, E. coli strain (WCHEC14828), isolated
in 2014 (28). Similar to pOXA181_EC14828, the qnrS1 gene, conferring low-level resis-
tance to fluoroquinolones, was identified in the sequence of pOXA-181_29144. Finally,
plasmid pOXA-232_30929 (type C) appeared to be a derivative of pOXA-232 (Fig. 1), a
ColE2-type plasmid originally described from an ST2968 E. coli isolate and two ST14 K.
pneumoniae isolates recovered from patients who transferred from India to France in
2011 (24). Only one difference between the two plasmids was observed. A 5,981-bp
segment consisting of the Tn1000 transposon was present in pOXA-232_30929 and was
found 477 bp upstream of the repA gene.

Finally, de novo assembly obtained a unique contig containing blaOXA-48 for ST45 K.
pneumoniae and ST38 E. coli isolates. Sequence analysis showed that these isolates
harbored a 21.9-kb plasmid fragment containing blaOXA-48 flanked by IS1R elements
integrated into their chromosomes. This plasmidic fragment consisted of the IS1R-
based composite transposon (Fig. 1) Tn6237 (29). However, using the Illumina MiSeq
platform, we were not able to identify the precise insertion site of Tn6237.

Concluding remarks. In conclusion, the present study investigated the first cases
and outbreaks of OXA-48-like-producing Enterobacteriaceae isolates from the Czech
Republic. Five of the patients had recently traveled abroad, with one of them being
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involved in the initiation of an outbreak (hospital D), while three OXA-48-like isolates
(Kpn-82929, Kpn-29114, and Eco-32005) could be described as community acquired
since the patients had no history of previous hospitalization or travel abroad. The
setting that was most affected was hospital B, in which an outbreak followed a long
period with the sporadic occurrence of OXA-48 producers. In hospital B, the outbreak
was associated with the spread of K. pneumoniae isolates belonging to ST101. Most of
the STs found in isolates of K. pneumoniae (STs 11, 15, 45, 101, 395, and 461) and E. coli
(ST38) have previously been associated with OXA-48-like-producing isolates from sev-
eral geographical areas (17–21).

In four of the patients, two or three different OXA-48 producers were identified during
their hospitalization, supposing the in vivo horizontal transfer of the blaOXA-48-carrying
plasmid. Sequencing data showed the presence of the same blaOXA-48-carrying plasmid in
three of these isolates (Table 1), further confirming this hypothesis. In addition, the same
blaOXA-48-carrying plasmid (type A0) was identified in all isolates recovered from patients
that were involved in the outbreak which took place in hospital B.

Results from Illumina sequencing showed that pOXA-48-like plasmids played a
major role in the dissemination of the blaOXA-48 gene in Czech hospitals. Among our
isolates, a highly conserved blaOXA-48-carrying plasmid, which was identical to the
previously described pE71T (26), was observed in a polyclonal population of K. pneu-
moniae isolates (of 5 different STs). Plasmid pE71T was also found in two E. coli isolates
of different STs and one E. cloacae isolate. Additionally, two novel pE71T derivatives
(plasmids pOXA-48_30715 and pOXA-48_30891) were characterized from K. pneu-
moniae isolates of STs 11 and 891, respectively. On the other hand, the OXA-181 and
OXA-232 carbapenemases were encoded by different types of plasmids belonging to
IncX3 and ColE2-like groups, respectively.

The data presented here contribute to the current knowledge of OXA-48-like-producing
Enterobacteriaceae. In agreement with the results of previous studies, our findings underline
that OXA-48 producers pose an important public threat, mainly due to the difficulties with
their detection and the rapid horizontal transfer of pOXA-48-like plasmids.

MATERIALS AND METHODS
Bacterial isolates and confirmation of carbapenemase production. In 2014 and 2015, Czech

hospitals referred a total of 630 Enterobacteriaceae isolates with a meropenem MIC of �0.125 �g/ml (30)
to the National Reference Laboratory for Antibiotics. Species identification was confirmed by matrix-
assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) using MALDI
Biotyper software (Bruker Daltonics, Bremen, Germany). All isolates were tested for carbapenemase
production by the MALDI-TOF MS meropenem hydrolysis assay (31). Isolates that were positive by the
MALDI-TOF MS meropenem hydrolysis assay were subjected to metallo-�-lactamase, KPC, and OXA-48
detection using the double-disc synergy test with EDTA, the phenylboronic acid disc test, and the
temocillin disc test (9, 32, 33), respectively. Additionally, carbapenemase genes (blaKPC, blaVIM, blaIMP,
blaNDM, and blaOXA-48-like) were detected by PCR amplification (1, 34–36). PCR products were sequenced
as described below. Isolates positive for blaOXA-48-like genes were further studied. Moreover, the two
OXA-48-producing K. pneumoniae isolates, recovered at the University Hospital Pilsen (Pilsen, Czech
Republic) during 2013 were included in this study for comparative epidemiological purposes.

Susceptibility testing. The MICs of piperacillin, piperacillin-tazobactam, cefotaxime, ceftazidime,
cefepime, imipenem, meropenem, ertapenem, co-trimoxazole, ciprofloxacin, gentamicin, amikacin, colistin,
and tigecycline were determined by the broth dilution method (37). Data were interpreted according to the
criteria of the European Committee on Antimicrobial Susceptibility Testing (EUCAST; www.eucast.org).

Typing. All blaOXA-48-like-positive isolates were typed by multilocus sequence typing (MLST) (38–40).
The databases at http://pubmlst.org/ecloacae, http://mlst.warwick.ac.uk/mlst/dbs/Ecoli, and http://
bigsdb.web.pasteur.fr/klebsiella were used to assign STs.

FIG 1 Linear maps of the blaOXA-48-like-carrying plasmids. For each plasmid, the type of plasmid sequence is indicated in red next to the plasmid name. (A)
Comparison of IncL blaOXA-48-carrying plasmids pOXA-48 (25), pOXA-48_4963, pOXA-48_30715, pOXA-48_30891, and pRA35 and of the composite transposon
Tn6237 (29). The boundaries of Tn1999-like transposons are also shown. (B) Comparison of the blaOXA-232-carrying plasmids pOXA-232 (24) and pOXA-232_30929
and of the blaOXA-181-carrying plasmid pOXA-181_29144. Open reading frames (ORFs) are shown as rectangles (arrows within rectangles indicate the direction
of transcription). Intact insertion sequences are represented by arrows, while truncated insertion sequence elements appear as rectangles. Replicons of the
plasmids are indicated as pink rectangles. Resistance genes, insertion sequence elements, and transposases are shown in red, yellow, and purple, respectively.
Green rectangles indicate genes responsible for the conjugative transfer of the plasmids. The remaining genes, including plasmid scaffold regions, are indicated
as gray rectangles. Homologous segments (representing �99% sequence identity) are indicated by light blue shading, while pink shading shows inverted
homologous segments.
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Detection of �-lactamases. The �-lactamase content of all blaOXA-48-like-positive isolates was
determined by isoelectric focusing (IEF). Bacterial extracts were obtained by sonication of bacterial cells
suspended in 1% glycine buffer and clarified by centrifugation. Sonicated cell extracts were analyzed by
IEF in polyacrylamide gels containing ampholytes (pH 3.5 to 9.5; AP Biotech, Piscataway, NJ). The
separated �-lactamases were visualized by covering the gel with the chromogenic cephalosporin
nitrocefin (0.2 mg/ml; Oxoid Ltd., Basingstoke, United Kingdom) (41).

On the basis of the IEF data, PCR detection of various bla genes was performed by the use of
primers specific for blaTEM-1, blaOXA-1, blaSHV, blaCTX-M, and blaCMY, as reported previously (42–45).
Both strands of the PCR products were sequenced using an ABI 377 sequencer (Applied Biosystems,
Foster City, CA).

Transfer of blaOXA-48-like genes. Conjugal transfer of blaOXA-48-like genes from the clinical strains
was carried out in mixed broth cultures (46), using the rifampin-resistant E. coli A15 laboratory strain as
a recipient. Transconjugants were selected on MacConkey agar plates supplemented with rifampin (150
�g/ml) and ampicillin (50 �g/ml). Plasmid DNA from clinical isolates which failed to transfer blaOXA-48-like
by conjugation was extracted using a Qiagen maxikit (Qiagen, Hilden, Germany) and used to transform
E. coli DH5� cells. The preparation and transformation of competent E. coli cells were done using calcium
chloride, as described by Cohen et al. (47). Transformants were selected on Luria-Bertani agar plates with
ampicillin (50 �g/ml). Transconjugants or transformants were confirmed to be OXA-48-like producers by
PCR (1) and the MALDI-TOF MS meropenem hydrolysis assay (31).

Plasmid analysis. To define the genetic units of the blaOXA-48-like genes, the plasmid contents of all
OXA-48-producing clinical and recombinant strains were analyzed by pulsed-field gel electrophoresis
(PFGE) of total DNA digested with S1 nuclease (Promega, Madison, WI, USA) (48). Following PFGE, the
DNA was transferred to a BrightStar-Plus positively charged nylon membrane (Applied Biosystems, Foster
City, CA) and hybridized with digoxigenin-labeled blaOXA-48-like probes.

Plasmid incompatibility (Inc) groups were determined by the PCR-based replicon typing (PBRT)
method (49), using total DNA from transconjugants and transformants. blaOXA-48-like-carrying plasmids
were further characterized by a specific IncL PCR assay (27), using the L-FW and L/M-RV primer pair. The
forward primer targeted the excA gene of the IncL plasmid type, while the reverse primer targeted the
highly conserved repA gene of the IncL and IncM plasmid types (27).

Plasmid and chromosome sequencing. Plasmid DNAs from transconjugants and transformants
were extracted using a Qiagen large-construct kit (Qiagen, Hilden, Germany). Additionally, the genomic
DNAs of K. pneumoniae Kpn-82929/13 and E. coli Eco-32005/15 were extracted using a DNA-Sorb-B kit
(Sacace Biotechnologies S.r.l., Como, Italy). Plasmids and chromosomes were sequenced using an
Illumina MiSeq platform (Illumina Inc., San Diego, CA, USA). Initial paired-end reads were quality trimmed
using the Trimmomatic tool (50). For assembly of the plasmids, reads were mapped to the reference E.
coli K-12 substrain MG 1655 genome (GenBank accession no. U00096) using the BWA-MEM algorithm
(51), in order to filter out the chromosomal DNA. Then, all the unmapped paired-end reads were
assembled by use of the de Bruijn graph-based de novo assembler SPAdes (52). The sequence gaps were
filled by a PCR-based strategy and Sanger sequencing. For sequence analysis and annotation, the BLAST
algorithm (www.ncbi.nlm.nih.gov/BLAST), the ISfinder database (www-is.biotoul.fr/), and the open read-
ing frame (ORF) finder tool (www.bioinformatics.org/sms/) were utilized. Comparative genome align-
ments were performed using the Mauve (version 2.3.1) program (53).

Accession number(s). One nucleotide sequence representing each different plasmid type was
submitted to GenBank. The nucleotide sequences of the pOXA-48_4963 (type A0), pOXA-48_30715 (type
A1), pOXA-48_30891 (type A2), pOXA-181_29144 (type B), and pOXA-232_30929 (type C) plasmids have
been deposited in GenBank under accession numbers KX523900, KX523901, KX523902, KX523903, and
KX523904, respectively.
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