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ABSTRACT Two multidrug resistance (MDR) plasmids, carrying the VIM-1-encoding
integron In110, were characterized. Plasmid pLec-476cz (311,758 bp), from a Leclercia Received 14 December 2016 Returned for
adecarboxylata isolate, consisted of an IncHI1 backbone, a MDR region, and two ac- 'F‘;Z?J:f;;'&'f oy 2007 Gesgpiize i
cessory elements. Plasmid pKpn-431cz (142,876 bp), from a sequence type 323 Accepted manuscript posted online 6
(ST323) Klebsiella pneumoniae isolate, comprised IncFll,-derived and pKPN3-like se- March 2017
quences and a mosaic region. A 40,400-bp sequence of pKpn-431cz was identical Citation Papousek |, Papagiannitsis CC,
to the MDR region of plLec-476cz, indicating the en bloc acquisition of the VIM-1- Medvecky M, Hrabak J, Dolejska M. 2017.
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IM-producing Enterobacteriaceae have been observed since 2001 in Greece (1). For Microbiology. All Rights Reserved.

at least a decade, VIM producers were the main carbapenemase-producing Enter- Address correspondence to Costas C.
obacteriaceae (CPE) in Europe (2). In the Czech Republic, the first two cases of VIM- Papagiannitsis, c.papagiannitsis@gmailcom.
producing Enterobacteriaceae were identified in 2011. The first case was a sequence
type 323 (ST323) Klebsiella pneumoniae (Kpn-431cz) isolate cultured in April 2011 from
a bronchoalveolar lavage sample of a patient treated in a Czech hospital. The second case
included a Leclercia adecarboxylata (Lec-476cz) isolate recovered (3) during a survey study
focused on compliance with hand hygiene among the staff of a different Czech hospital
in May 2011. Interestingly, the two isolates carried the VIM-1 carbapenemase-encoding
integron In110 (blay,,.,-aacA4-aadAT) (4), localized on plasmids pKpn-431cz and pLec-
476cz. In the present study, we characterized the complete nucleotide sequences of
pKpn-431cz and plLec-476¢cz in order to examine the nature of the genetic elements
involved in the acquisition and spread of In110 in the Czech Republic.

The bla,,,.,-carrying plasmids were transferred from the clinical strains to rifampin-
resistant Escherichia coli A15 by conjugation in mixed broth cultures. Transconjugants
were selected on MacConkey agar plates supplemented with rifampin (150 wg/ml) and
ampicillin (50 ng/ml). Plasmid pKpn-431cz was transferred by conjugation at 37°C while
pLec-476cz was capable of transferring at 30°C. Both bla,,_,-positive transconjugants
exhibited similar resistance phenotypes (Table 1), showing resistance to piperacillin,
piperacillin-tazobactam, and cephalosporins and decreased susceptibility to imipenem,
while they remained susceptible to meropenem and ertapenem. Plasmid analysis
revealed that the transconjugants harbored bla,,,,_,-positive plasmids of different sizes
(~150 kb [pKpn-431cz] and ~290 kb [pLec-476cz]) (5). The two plasmids were non-
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TABLE 1 Antimicrobial susceptibility of L. adecarboxylata Lec-476, K. pneumoniae Kpn-431, and the E. coli A15 transconjugants producing
the VIM-1 metallo-B-lactamase

MIC (pg/ml) ofe:

Isolate Pip Tzp Ctx Caz Fep Atm Imp Mem  Etp Gen Amk Cml Tet Sxt Cip

L. adecarboxylata Lec-476cz  >64 64 >8 >32 >16 1 8 4 0.12 16 1 05 32 >32 2

E. coli A15 plLec-476cz 64 64 >8 >32 4 =025 4 0.25 0.12 0.12 0.5 0.5 16 >32 =0.06
K. pneumoniae Kpn-431cz >64 >64 >8 >32 >16 16 16 8 2 16 1 32 >32 >32 8

E. coli A15 pKpn-431cz 64 64 >8 >32 8 =025 4 0.5 0.25 0.12 0.5 4 16 >32 05

E. coli A15 (recipient) =05 1 =006 =0.25 =0.12 =025 =0.12 =0.12 =0.12 0.12 05 =1 0.5 1 =0.06

aPip, piperacillin; Tzp, piperacillin-tazobactam (inhibitor fixed at 4 ug/ml); Ctx, cefotaxime; Caz, ceftazidime; Fep, cefepime; Atm, aztreonam; Imp, imipenem; Mem,
meropenem; Etp, ertapenem; Gen, gentamicin; Amk, amikacin; Cml, chloramphenicol; Tet, tetracycline; Sxt, trimethoprim-sulfamethoxazole; Cip, ciprofloxacin.

typeable using the PCR-based replicon typing (PBRT) method (6). However, pKpn431cz
was positive for the Fll, replicon (7), and pLec-476cz was positive for the IncHI1 allele
(8). Plasmids pKpn-431cz and plLec-476cz were extracted from E. coli transconjugants.
Plasmids were sequenced using the lllumina MiSeq platform (lllumina Inc., San Diego,
CA, USA). Assembling the reads, filling sequence gaps, and analysis and annotation of
the plasmid sequences were performed as described previously (9).

For pLec-476cz, assembly resulted in 24 contigs (range, 139 to 76,245 bp; Ny, =
52,908 bp) with the length-weighted average coverage of 26X (range, 7X to 156X).
After filling the gaps, the complete sequence of pLec-476cz resulted in a 311,758-bp
molecule with a sequence closely related to the recently described IncHI1 plasmids
p8025 (94% coverage; 99% identity) from the Czech Republic (10) and pNDM-CIT (80%
coverage; 99% identity) from India (8) (Fig. 1). The pLec-476cz backbone was composed
of regions responsible for replication (repHIA and repHIB genes), conjugative transfer
(tra genes), and plasmid maintenance (parAB operon). Thermosensitivity is a well-
known phenomenon for the conjugative apparatus of the IncHI plasmids (11), which is
in agreement with the fact that pLec-476cz was capable of transferring at 30°C. Apart
from the backbone, pLec-476¢cz carried a Tn4371-like integrative conjugative element
(ICE) (12), a CP4-like prophage sequence (13), and a multidrug resistance (MDR) region.

The Tn4371-like ICE (nucleotide [nt] 76560 to 123914) was inserted into a gene
encoding a hemolysin modulation protein. This region contained a putative int gene,
encoding a tyrosine-based site-specific recombinase historically called phage-like inte-
grase (14), followed by seven open reading frames (ORFs) that encoded a RadC DNA
repair protein, a ParB-like nuclease, and hypothetical proteins. The next region on
the Tn4371-like ICE contained genes whose predicted products were related to the
xenobiotic response element (XRE) transcriptional regulator, a lipoprotein with a
DNA binding domain, a hypothetical protein, and an RdfS excisionase. This sequence
was followed by a plasmidic segment, comprising the initiation replication repA gene,
the maintenance parAB operon, and a transfer region, including 3 tra genes (traF, traR,
and traG) and 9 trb genes (trbB through trbgG, trbl, trbJ, and trbL) and virD2. VirD2 is a
putative relaxase-like protein (15) that usually recognizes oriT, makes a single-strand
DNA break in oriT, and covalently attaches to the 5’ end of the nicked DNA strand via
a phosphotyrosyl linkage. In the region intervening between virD2 and traR, genes
responsible for a putative AcrB inner membrane transporter, an ABC-type transport
system, an RND family efflux pump, and a small multidrug export protein were found.
Target site duplications of 9 bp (TTTTTTGTT) at the boundaries of the Tn43771-like ICE
indicated integration by transposition. Of note is that a similar region (99%) has also
been described in plasmid p8025 (10) and in the chromosomes of several Gram-nega
tive rods, like Pseudomonas putida H8234 (GenBank accession no. CP005976), Enterob
acter cloacae CAV1669 (CP011650), and Citrobacter freundii CFNIH1 (CP007557), further
supposing its integrative nature.

The CP4-like prophage segment (nt 260350 to 296495) was a chimeric form of the
CP4-6 and CP4-57 prophages. This segment included an IS7-like surrounded sequence
encoding an AcrR transcriptional regulator, an RND/MDR efflux transporter, and an
outer membrane lipoprotein component. Furthermore, the CP4-like prophage segment
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FIG 1 Overview of the IncHI1 plasmid pLec-476cz. The innermost circle shows the main regions of pLec-476cz. In the next circle, indicative
genes and the direction of transcription are shown by arrows. Replicons of the plasmid are indicated as pink arrows. Genes responsible
for plasmid transfer and maintenance are shown in orange and light green, respectively. Similarities with other plasmids are shown in the

outer circle. Each color represents a unique plasmid.

encoded a toxin-antitoxin system, composed of the toxin (YpjF-YfjZ) of CP4-6 and the
antitoxin (Ykfl-YafW) of CP4-57, the IntA integrase, and the transcriptional regulator
AlpA. A similar region (99% identity), inserted in exactly the same position, has also
been described in plasmid pNDM-CIT (8).

The MDR region (nt 132292 to 173347) of pLec-476cz included the VIM-1-encoding
integron In110 (4). In pLec-476¢cz, the 5’ conserved sequence (5'-CS) of In110 was
disrupted by 1S26, while the 3'-CS was intact (Fig. 2). The 5’'-CS-associated 1526
comprised part of the Tn6020 composite transposon, which includes the aphAT resis-
tance gene. A second integron that is similar to In-194-B from pNL194, whose variable
region comprised the dfrAT and aadA1 cassettes (conferring resistance to trimethoprim
and aminoglycosides, respectively) (16), was located upstream from the second 1S26 of
Tn6020. In-194-B lacked the entire 3'-CS due to an insertion of IST at the recombination
site of the aadAT cassette. IST was found at the boundary of the plasmid backbone.
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FIG 2 Detailed comparison of the MDR regions of the plasmids pLec-476cz and pKpn-431cz. Open reading frames (ORFs) are shown as rectangles (arrows within
rectangles indicate the direction of transcription). Intact insertion sequences (ISs) are represented by arrows, while truncated IS elements appear as rectangles.
Resistance genes, IS elements, and transposases are shown in red, yellow, and green, respectively. Orange rectangles indicate integrases. Gray rectangles
indicate plasmid scaffold regions; the replicons of the plasmids are indicated as pink rectangles. The remaining genes are shown in white. The green shading

shows the presence of the same VIM-1-encoding mosaic region on both pLec-476cz and pKpn-431cz.

Downstream from the 3'-CS of In110, a Tn1696 fragment (ATn1696-1), consisting of
IS6100, the res/ site, the mercury resistance operon (mer), and the 38-bp inverted repeat
(IR,,.;) of the transposon, was identified. Next to ATn1696-1, a 21,780-bp sequence (nt
151568 to 173347), sharing extensive similarity with a contiguous sequence carried by
p8025 (100% coverage; 99% identity) (10), was found. This sequence consisted of a
Tn1721 fragment (ATn17727) including a tetracycline resistance operon (tet), pecM and
tnpA, a gene encoding an EcoRIl methylase, a parB-like gene, an arsenic resistance
operon (ars), and a tnpA. The ars-associated tnpA was found at the boundary of the
plasmid backbone.

For the second plasmid, pKpn-431cz, initial assembly resulted in 16 contigs (range,
250 to 57,604 bp; N5, = 34,778 bp). After filling the gaps, the complete sequence of
pKpn-431cz was 142,876 bp in size, with the length-weighted average coverage of
379X (range, 100X to 1,132X). The plasmid included a contiguous segment of 50,175
bp (nt 1 to 50175) sharing extensive similarity with the backbone of the recently
described IncFlly-type plasmids (17-20) (Fig. 3), encoding NDM-like carbapenemases.
This segment was composed of regions responsible for replication (repA gene), conju-
gative transfer (tra and trb genes), and plasmid maintenance (ardA gene and psiAB
operon). pKpn-431cz lacked the repB gene and parAB operon that are characteristic
for the IncFll,-type plasmids (17). However, in the 19,699-bp segment adjoining the
boundary of the presumably IncFll,-derived part (nt 123178 to 142876), sequences
resembling the FIB,;y replicon (repFIB gene), the maintenance sopAB and stbDE oper-
ons, and the umuD gene of pKPN3-like plasmids were identified (21).

The remaining 73,002-bp sequence (nt 50176 to 123177) of pKpn-431cz comprised
a mosaic structure. This mosaic structure contained a 40,400-bp segment (nt 82778 to
123177) encoding VIM-1, which exhibited high similarity to the MDR region of pLec-
476¢z (100% coverage; 99% identity) (Fig. 2). Similarities between the two plasmids
extended from IST to the ars-associated tnpA. Unlike pLec-476c¢z, the IST element lacked
681 bp of its 5" end (AIS7). The ars-associated tnpA was found at the boundary of the
pKPN3-like plasmid backbone, downstream of repFIB.

In the remaining part of the mosaic structure (nt 50176 to 82777), a 505-bp fragment
of a Tn3-like transposon, consisting of the IR, of the transposon and the 3" end of
tnpA, was found at the boundary of the IncFll, plasmid backbone downstream of repA
(Fig. 2). The tnpA gene was probably deleted due to the insertion of a Tn1696-like
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FIG 3 Overview of the IncFll, plasmid pKpn-431cz. The innermost circle shows the main regions of pKpn-431cz. In
the next circle, indicative genes and the direction of transcription are shown by arrows. Replicons of the plasmid
are indicated as pink arrows. Genes responsible for plasmid transfer and maintenance are shown in orange and
light green, respectively. Similarities with other plasmids are shown in the outer circle. Each color represents a

unique plasmid.

transposon structure. The Tn1696-like sequence (nt 50950 to 73449) of pKpn-431cz
included an integron similar to In37 from pHSH2, whose variable region comprised the
aacA4, blagy,_,, catB3, and arr-3 cassettes (22). The IRi of In37 was located between the
res/ and resll sites of the Tn7696 module in precisely the same position as In4 in Tn7696.
Similar to In37 in the plasmid pHSH2 (22), the 3'-CS of the integron was duplicated.
Between the two copies of the 3'-CS, an ISCRT element, the gnrAT resistance gene, and
ampR were identified. The second copy of the 3'-CS bounded with a Tn7696 fragment,
consisting of 1S6700, the res! site, and the mer operon. The Tn1696-like transposon of
pKpn-431cz was flanked by the IR, and IR,,,., of Tn1696, with IR,,,, disrupted by 154321
while IR,,,., remained intact. However, direct repeats were not found at the boundaries
of the Tn1696-like transposon structure, excluding its transposition into pKpn-431cz.
Interestingly, resistance islands composed of a class 1 integron and multiple trans-
posons included within a class Il transposon structure have been previously identified
in IncA/C, MDR plasmids (23, 24).

Adjacent to the Tn7696-like sequence, pKpn-431cz included a 3,002-bp segment (nt
73557 to 76558), exhibiting 99% identity with a contiguous sequence described in the
IncN MDR plasmid pNL194 (16). This segment comprised three ORFs, a 320-bp fragment
of a Tn5501-like transposon, AfipA, nuc, and the 3’ end of traG (AtraG). A Tn3-like
transposon consisting of inverted repeats (IRs) of the transposon, tnpA, tnpR, and two
ORFs was identified upstream of AtraG and next to AIST. It is likely that insertion of the
Tn3-like transposon deleted the remaining parts of AtraG and AIST.
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In the Czech Republic, the occurrence of VIM-producing Enterobacteriaceae is rare,
with most of the isolates recovered from patients with a history of travelling abroad.
However, the complete nucleotide sequences of two plasmids, carrying the VIM-1-
encoding In110 integron from Enterobacteriaceae isolates of Czech origin, were pre-
sented in this study. In the L. adecarboxylata isolate, In110 was localized on the IncHI1
plasmid pLec-476cz. Previous studies from the Czech Republic have reported the emer-
gence of IncHI1 plasmids in E. coli and Salmonella enterica isolates of veterinary origin (10,
25). These findings may indicate that IncHI1 plasmids circulate in different species of
Enterobacteriaceae in this specific geographical area. However, in the K. pneumoniae isolate,
IN110 was carried by the IncFll, plasmid pKpn-431cz. Interestingly, sequencing data
showed that pLec-476cz and pKpn-431cz shared the same VIM-1-encoding mosaic region.
En bloc acquisition of the VIM-1-encoding mosaic region by an IncFll,-type plasmid from
pLec-476cz is a plausible hypothesis regarding the formation of pKpn-431cz. The presence
of a 21,780-bp sequence, previously described in the IncHIT plasmid p8025, in pLec-476cz
and pKpn-431cz further supports this notion. pKpn-431cz evolved more through acquisi-
tions, deletions, and recombinations that may have resulted in the observed structure.
These findings, which are in agreement with our previous results (26), punctuate the
spreading potential of large MDR segments through reshuffling of enterobacterial plas-
mids. Furthermore, they indicate that acquisition of carbapenemase-encoding genes by
clinically insignificant species, like L. adecarboxylata, is disquieting since such bacteria can
act as hidden sources of important resistance determinants.

Accession number(s). The nucleotide sequences of the plasmids pLec-476cz and

pKpn-431cz have been assigned GenBank accession numbers KY320277 and KY020154,
respectively.

ACKNOWLEDGMENTS

technical assistance during the present study.

We are thankful to Dana Kralova, Hana Pratova, and Kvetoslava Effenbergerova for

This work was supported by the Czech Science Foundation (grant 15-14683Y) and

the National Sustainability Programs | (NPU [; grant LO1503) and Il (NPU II; grant
LQ1601) provided by the Ministry of Education Youth and Sports of the Czech Republic.

We declare no conflicts of interest.

REFERENCES

1.

May 2017 Volume 61

Miriagou V, Tzelepi E, Gianneli D, Tzouvelekis LS. 2003. Escherichia coli
with a self-transferable, multiresistant plasmid coding for metallo-B-
lactamase VIM-1. Antimicrob Agents Chemother 47:395-397. https://doi
.org/10.1128/AAC.47.1.395-397.2003.

. Tzouvelekis LS, Markogiannakis A, Psichogiou M, Tassios PT, Daikos GL.

2012. Carbapenemases in Klebsiella pneumoniae and other
Enterobacteriaceae: an evolving crisis of global dimensions. Clin Micro-
biol Rev 25:682-707. https://doi.org/10.1128/CMR.05035-11.

. Papagiannitsis CC, Studentova V, Hrabdk J, Kubele J, Jindrak V, Zemlick-

ové H. 2013. Isolation from a nonclinical sample of Leclercia adecarboxy-
lata producing a VIM-1 metallo-B-lactamase. Antimicrob Agents Che-
mother 57:2896-2897. https://doi.org/10.1128/AAC.00052-13.

. Lombardi G, Luzzaro F, Docquier JD, Riccio ML, Perilli M, Coli A, Amico-

sante G, Rossolini GM, Toniolo A. 2002. Nosocomial infections caused by
multidrug-resistant isolates of Pseudomonas putida producing VIM-1
metallo-beta-lactamase. J Clin Microbiol 40:4051-4055. https://doi.org/
10.1128/JCM.40.11.4051-4055.2002.

. Barton BM, Harding GP, Zuccarelli AJ. 1995. A general method for

detecting and sizing large plasmids. Anal Biochem 226:235-240. https://
doi.org/10.1006/abio.1995.1220.

. Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall EJ. 2005.

Identification of plasmids by PCR-based replicon typing. J Microbiol
Methods 63:219-228. https://doi.org/10.1016/j.mimet.2005.03.018.

. Villa L, Garcia-Fernandez A, Fortini D, Carattoli A. 2010. Replicon se-

quence typing of IncF plasmids carrying virulence and resistance deter-
minants. J Antimicrob Chemother 65:2518-2529. https://doi.org/10
.1093/jac/dkq347.

. Dolejska M, Villa L, Poirel L, Nordmann P, Carattoli A. 2013. Complete

Issue 5 e02648-16

sequencing of an IncHI1 plasmid encoding the carbapenemase NDM-1,
the ArmA 16S RNA methylase and a resistance-nodulation-cell division/
multidrug efflux pump. J Antimicrob Chemother 68:34-39. https://doi
.org/10.1093/jac/dks357.

. Skélova A, Chudé&jova 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 Enterobac-
teriaceae in the Czech Republic: evidence for horizontal transfer of
pOXA-48-like plasmids. Antimicrob Agents Chemother 61:e01889-16.

. Kubasova T, Cejkova D, Matiasovicova J, Sekelova Z, Polansky O, Med-

vecky M, Rychlik I, Juricova H. 2016. Antibiotic resistance, core-genome
and protein expression in IncHI1 plasmids in Salmonella Typhimurium.
Genome Biol Evol 8:1661-1671. https://doi.org/10.1093/gbe/evw105.

. Taylor DE, Levine JG. 1980. Studies of temperature-sensitive transfer

and maintenance of H incompatibility group plasmids. J Gen Microbiol
116:475-484.

. Ryan MP, Pembroke JT, Adley CC. 2009. Novel Tn4371-ICE like element in

Ralstonia pickettii and genome mining for comparative elements. BMC
Microbiol 9:242. https://doi.org/10.1186/1471-2180-9-242.

. Wang X, Kim Y, Ma Q, Hong SH, Pokusaeva K, Sturino JM, Wood TK. 2010.

Cryptic prophages help bacteria cope with adverse environments. Nat
Commun 1:147. https://doi.org/10.1038/ncomms1146.

. Sullivan JT, Trzebiatowski JR, Cruickshank RW, Gouzy J, Brown SD, Elliot

RM, Fleetwood DJ, McCallum NG, Rossbach U, Stuart GS, Weaver JE,
Webby RJ, de Bruijn FJ, Ronson CW. 2002. Comparative sequence anal-
ysis of the symbiosis island of Mesorhizobium loti strain R7A. J Bacteriol
184:3086-3095. https://doi.org/10.1128/JB.184.11.3086-3095.2002.

. Ramsay JP, Sullivan JT, Stuart GS, Lamont IL, Ronson CW. 2006. Excision

aacasm.org 6


http://www.ncbi.nlm.nih.gov/nuccore?term=KY320277
http://www.ncbi.nlm.nih.gov/nuccore?term=KY020154
https://doi.org/10.1128/AAC.47.1.395-397.2003
https://doi.org/10.1128/AAC.47.1.395-397.2003
https://doi.org/10.1128/CMR.05035-11
https://doi.org/10.1128/AAC.00052-13
https://doi.org/10.1128/JCM.40.11.4051-4055.2002
https://doi.org/10.1128/JCM.40.11.4051-4055.2002
https://doi.org/10.1006/abio.1995.1220
https://doi.org/10.1006/abio.1995.1220
https://doi.org/10.1016/j.mimet.2005.03.018
https://doi.org/10.1093/jac/dkq347
https://doi.org/10.1093/jac/dkq347
https://doi.org/10.1093/jac/dks357
https://doi.org/10.1093/jac/dks357
https://doi.org/10.1093/gbe/evw105
https://doi.org/10.1186/1471-2180-9-242
https://doi.org/10.1038/ncomms1146
https://doi.org/10.1128/JB.184.11.3086-3095.2002
http://aac.asm.org

Sequences of Two VIM-1-Encoding Plasmids

16.

17.

18.

19.

20.

May 2017 Volume 61

and transfer of the Mesorhizobium loti R7A symbiosis island requires an
integrase IntS, a novel recombination directionality factor RdfS, and a
putative relaxase RIxS. Mol Microbiol 62:723-734. https://doi.org/10
.1111/j.1365-2958.2006.05396..x.

Miriagou V, Papagiannitsis CC, Kotsakis SD, Loli A, Tzelepi E, Legakis NJ,
Tzouvelekis LS. 2010. Sequence of pNL194, a 79.3-kilobase IncN plasmid
carrying the bla,,,,., metallo-B-lactamase gene in Klebsiella pneumoniae.
Antimicrob Agents Chemother 54:4497-4502. https://doi.org/10.1128/
AAC.00665-10.

Wailan AM, Sidjabat HE, Yam WK, Alikhan NF, Petty NK, Sartor AL,
Williamson DA, Forde BM, Schembri MA, Beatson SA, Paterson DL, Walsh
TR, Partridge SR. 2016. Mechanisms involved in acquisition of blaypp
genes by IncA/C, and IncFll, plasmids. Antimicrob Agents Chemother
60:4082-4088. https://doi.org/10.1128/AAC.00368-16.

Wu W, Feng Y, Carattoli A, Zong Z. 2015. Characterization of an Entero-
bacter cloacae strain producing both KPC and NDM carbapenemases
by whole-genome sequencing. Antimicrob Agents Chemother 59:
6625-6628. https://doi.org/10.1128/AAC.01275-15.

Sun F, Yin Z, Feng J, Qiu Y, Zhang D, Luo W, Yang H, Yang W, Wang J,
Chen W, Xia P, Zhou D. 2015. Production of plasmid-encoding NDM-1 in
clinical Raoultella ornithinolytica and Leclercia adecarboxylata from
China. Front Microbiol 6:458. https://doi.org/10.3389/fmicb.2015.00458.
Hawkey PM, Xiong J, Ye H, Li H, M'Zali FH. 2001. Occurrence of a new
metallo-beta-lactamase IMP-4 carried on a conjugative plasmid in Citro-
bacter youngae from the People’s Republic of China. FEMS Microbiol Lett
194:53-57. https://doi.org/10.1111/j.1574-6968.2001.tb09445 x.

Issue 5 e02648-16

21.

22.

23.

24,

25.

26.

Antimicrobial Agents and Chemotherapy

Dolejska M, Villa L, Dobiasova H, Fortini D, Feudi C, Carattoli A. 2013. Plasmid
content of a clinically relevant Klebsiella pneumoniae clone from the Czech
Republic producing CTX-M-15 and QnrB1. Antimicrob Agents Chemother
57:1073-1076. https://doi.org/10.1128/AAC.01886-12.

Wang M, Tran JH, Jacoby GA, Zhang Y, Wang F, Hooper DC. 2003.
Plasmid-mediated quinolone resistance in clinical isolates of Escherichia
coli from Shanghai, China. Antimicrob Agents Chemother 47:2242-2248.
https://doi.org/10.1128/AAC.47.7.2242-2248.2003.

Harmer CJ, Hall RM. 2015. The A to Z of A/C plasmids. Plasmid 80:63-82.
https://doi.org/10.1016/j.plasmid.2015.04.003.

Papagiannitsis CC, Dolejska M, lzdebski R, Giakkoupi P, Skalova A,
Chudéjova K, Dobiasova H, Vatopoulos AC, Derde LP, Bonten MJ, Gniad-
kowski M, Hrabdk J. 2016. Characterisation of IncA/C, plasmids carrying
an In416-like integron with the blay,,.,, gene from Klebsiella pneu-
moniae ST383 of Greek origin. Int J Antimicrob Agents 47:158-162.
https://doi.org/10.1016/j.ijjantimicag.2015.12.001.

Dolejska M, Duskova E, Rybarikova J, Janoszowska D, Roubalova E,
Dibdakova K, Maceckova G, Kohoutova L, Literak I, Smola J, Cizek A.
2011. Plasmids carrying blacry.., and gnr genes in Escherichia coli
isolates from an equine clinic and a horseback riding centre. J Antimi-
crob Chemother 66:757-764. https://doi.org/10.1093/jac/dkg500.
Studentova V, Dobiasova H, Hedlova D, Dolejska M, Papagiannitsis CC,
Hrabak J. 2015. Complete nucleotide sequences of two NDM-1-encoding
plasmids from the same sequence type 11 Klebsiella pneumoniae strain.
Antimicrob Agents Chemother 59:1325-1328. https://doi.org/10.1128/
AAC.04095-14.

aac.asm.org 7


https://doi.org/10.1111/j.1365-2958.2006.05396.x
https://doi.org/10.1111/j.1365-2958.2006.05396.x
https://doi.org/10.1128/AAC.00665-10
https://doi.org/10.1128/AAC.00665-10
https://doi.org/10.1128/AAC.00368-16
https://doi.org/10.1128/AAC.01275-15
https://doi.org/10.3389/fmicb.2015.00458
https://doi.org/10.1111/j.1574-6968.2001.tb09445.x
https://doi.org/10.1128/AAC.01886-12
https://doi.org/10.1128/AAC.47.7.2242-2248.2003
https://doi.org/10.1016/j.plasmid.2015.04.003
https://doi.org/10.1016/j.ijantimicag.2015.12.001
https://doi.org/10.1093/jac/dkq500
https://doi.org/10.1128/AAC.04095-14
https://doi.org/10.1128/AAC.04095-14
http://aac.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

