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ABSTRACT Colonizations due to carbapenem-resistant Enterobacteriaceae (CRE) are
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most prevalent CRE species associated with nosocomial infection in Italy was shown to Address correspondence to Antonino Di Caro,
be Klebsiella pneumoniae, and KPC was found to be the most common carbapenemase antonino.dicaro@inmiit.
(1). The extraordinary spread of carbapenem resistance observed worldwide (2) can be
explained by the presence of blay,c genes on mobile genetic elements that are
horizontally transferred (3), not only among K. pneumoniae bacteria but also to other
Enterobacteriaceae, including Citrobacter freundii (4, 5). In this study, we describe the
emergence of carbapenem-resistant (CR) Citrobacter freundii during an active surveil-
lance program designed to detect all CRE from rectal swabs of patients from the clinical
and surgical wards of the L. Spallanzani National Institute for Infectious Diseases (INMI)
in Rome, Italy.

Rectal swabs were taken from all patients upon admission to the hospital and
then once weekly for the entire duration of their stay. Carbapenem-resistant strains,
including 11 CR-C. freundii, were isolated using selective culture plates (chromID
CARBA; bioMérieux, Marcy I'Etoile, France). Identification was performed by the use
of a Vitek 2 system (bioMérieux, Marcy I'Etoile, France) and mass spectrometry (MS)
(matrix-assisted laser desorption ionization-time of flight MS [MALDI-TOF MS];
Brucker Daltonics, Germany), and C. freundii isolates were confirmed using the
specific recN biomarker (6, 7) (data not shown). Antimicrobial susceptibility was
determined by reference broth microdilution (8), and MICs were interpreted ac-
cording to the European Committee on Antimicrobial Susceptibility Testing recom-
mendations (EUCAST breakpoint tables v6.0). Since the beginning of our surveil-
lance program in 2013, the species of CRE most commonly isolated from rectal
swabs was K. pneumoniae, as expected (data not shown). The first CR-C. freundii
strain to be isolated was collected in March 2014, together with an Escherichia coli
strain which was also carbapenem resistant and which was grown from the same
swab from the same patient, who had been transferred from another hospital to
our surgical unit. This E. coli strain was also included in this study and characterized.
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In the following months, our surveillance continued, with no CR-C. freundii strains
detected until August 2015; between August 2015 and January 2017, a total of 10
nonduplicated CR-C. freundii strains were isolated in the surgery and postsurgery
wards and in the intensive care unit (ICU) (Table 1).

All strains were analyzed by multilocus sequence typing (MLST) as described pre-
viously (9, 10), and the resulting sequence types (ST) were designated using the Pasteur
database (http://pubmlst.org/cfreundii) and the scheme of the University of Warwick,
United Kingdom (http://mlst.warwick.ac.uk/mlist/dbs/Ecoli) for C. freundii isolates and E.
coli isolates, respectively. Bacterial genotyping revealed that the CR-C. freundii strains
belonged to 5 different STs: ST91 (4/11), ST96 (2/11), ST22 (2/11), ST118 (2/11), and
ST119 (1/11) (Table 1). None of the observed STs have been previously reported in
association with a specific resistance mechanism. The E. coli strain that was coisolated
with C. freundii belonged to ST5, which has been found in association with OXA, NDM,
and IMP carbapenemases (11-13); to the best of our knowledge, this is the first report
of a KPC-3-producing ST5 E. coli strain.

Beta-lactamase genes (blaypc, blayom, blaoxaas: blay, blasyy, blawen, and
blacrx-m-croup) Were screened by PCR followed by sequencing for the identification
of variants (14, 15).

Our results showed the presence of the blaypc_; gene in all CR-C. freundii isolates; the
two ST96 strains also carried blay,,., and extended-spectrum-beta-lactamase (ESBL)
blacry.mo genes. The blag,,,.,, gene was identified in 9/11 C. freundii strains, while
blagnm., was detected in 6/11 strains. The E. coli strain also carried blaypc_; and blag,._1,
genes (Table 1).

Plasmid replicons were typed using a PCR-based replicon typing (PBRT) kit (Dia-
theva) (16): all isolates, with the exception of two ST118 isolates, carried IncX3 replicons
(Table 1). To verify whether bla,_; was located on IncX3, the blaypc_5-carrying plasmid
DNAs from these strains were purified by the use of a PureYield Plasmid Midiprep kit
(Promega, USA) and transformed into competent E. coli DH5« cells (Invitrogen, USA).
Transformants were selected on Luria-Bertani agar plates containing ampicillin (Sigma;
50 wg/ml) and were screened for the presence of the blaypc.; gene. The PBRT kit was
used to assign the replicons on the transferred plasmids. Our KPC-3 transformation
experiments conducted on the blaypc_5-positive transformants obtained from all IncX3-
carrying CR-C. freundii strains showed that the bla,,c5 gene was located on IncX3 and
that the bla,,,.» gene was located on a different plasmid only in the two isolates
belonging to ST96.

Complete plasmid sequences were obtained for the C. freundii Cfr-30 and Cfr-145
prototypic transformants using an lllumina MiSeq next-generation sequencer with
2x300PE (lllumina Inc., CA, USA) according to the manufacturer’s instructions. De novo
assembly was performed using Galaxy version 20150522 of the A5 pipeline through the
ARIES public Galaxy server (https://w3.iss.it/site/aries/) (17), and open reading frames
(ORFs) were annotated using the Sequin server (http://www.ncbi.nlm.nih.gov/Sequin/).
GenBank files of the pCfr-30 and pCfr-145 plasmid sequences were deposited at the
NCBI GenBank database (see below). As shown in Fig. 1, the pCfr-30 and pCfr-145
plasmids (both 53,292 bp in size) showed 100% nucleotide identity and a typical IncX3
scaffold compared with the DNA sequence of the pIlncX-SHV plasmid (JN247852) (18),
with which they showed 99% nucleotide identity. The insertion of the Tn4407a trans-
poson (3) carrying bla,pc_5 occurred in the umuD gene for the pCfr-30 plasmid and in
the tnpA transposase gene of the Tn3 transposon for pCfr-145 (Fig. 1). The same
interruption of the umuD gene found in pCfr-30 had been previously identified in
pKPC-Ny79 (JX104759) (19). However, the pKPC-Ny79 plasmid carried a blapc., gene
variant and showed a deletion involving the ATPase and hns-topB genes. Interestingly,
both plasmids showed 100% identity with a bla,pc_5-carrying IncX3 plasmid (KU934011)
of a Serratia marcescens strain recently isolated in Italy from a kidney-liver-transplanted
patient, in which the Tn4407a transposon was also inserted in the tnpA of Tn3-like
pCfr-145, although in the opposite orientation. In both plasmids, the blag,,,_,, gene was
found to be associated with an 1S26 element. These findings are further evidence of the

August 2017 Volume 61 Issue 8 e00505-17

Antimicrobial Agents and Chemotherapy

aac.asm.org 2


http://pubmlst.org/cfreundii
http://mlst.warwick.ac.uk/mlst/dbs/Ecoli
https://w3.iss.it/site/aries/
http://www.ncbi.nlm.nih.gov/Sequin/
http://aac.asm.org

Antimicrobial Agents and Chemotherapy

IncX3 Plasmids Carrying KPC-3 in C. freundii Strains

‘9jozexoypwejns-wdoyawiny ‘1XS ‘ulpAdabi ‘O] ‘weydeqozey-uljjpesadid ‘4z
‘wauadossw ‘WIW ‘wauadiwl ‘Nd| ‘unpiweusb (NI ‘UdAwoysoy ‘404 ‘wauadeus ‘[y3 ‘unsijod ‘1S ‘updexopoldd ‘41D Bwipizeysd ‘ZyD PWIXe104ad ‘X1 Dwidajed ‘d34 {pIde dIUBINARD-UI||IDIXOWER DNY ‘UDeIWe WY

‘€U yduy ayy ul E2¥pig buikiied uopasul ayy bunuasaid piwseld £xoul ‘geX Duab gnwn ayy ul £2Mpjq Buikued uoluasul ayy Bunuasaid prusejd £xou] ‘yEX "pauldpun ale spiwseld uodijdal Buikued sauab E2Pipyg,
"Jlun a1ed dAIsudl ‘N ‘A19bunsisod ‘sq ‘A19bins ‘sq
‘piem 3y 0} uolissiwpe uodn pawliopad gems [e1dal Jo e s

0ce= gL 8ll= 9l= 9l= = 9= 8= ¢G0= v= € 9= 9L Ce= 7= Sld D/V vEX L-WIL'LL-AHS '€-Dd)  TTlS lipunaky Sd £10T Atenuer | 910T Jaquwiadaq /T (4
0ZE= G§0= 8ZI= 9l= 9l= 9l= 9= 8= ¢90= = v9= 8 8 €= = vEX LL-AHS “€-Dd) L61S !lpunay D S 910z 4oqwa1das 90 910z AInr 62 L8
oce= Sl 8= 9l= 9l= 8 9= 8= 60> = ¥9= 9= 9= (= = LIH L-W3L ‘€-DdXM  8LLLS /punaiy D Sd 910z AInr 90 910¢ aunf o€ 08
6-W-X1D “L-W3L
0ce= §0= 8rl= 9l= 9l= 9l= 9l= 8= ¢§0= = 9= ¥9= 9= TE= 9l N ‘CIH VEX “LL-AHS ‘T-WIA “€-Dd%  961S  lpunaiy D Sd 910z aunr 8¢ 910¢ 8unf ¢z vl
0ce= gL 8ll= 9l= 9l= = 9= 8= ¢G0= v= € 9= EIENASS = X LL-AHS “€-DdX  TTlS lpunaiy D nol 9107 AeW €1 910z e 90 EL
0ze= gL 8Zl= 9l1= 9l= 9l= 9= 8= GS0= v= e 9= 9L Te= = N “LIH L-W3L ‘€-DdX  8LLLS lpunay Sd 9Loz |ndy €2 910T Ydiew Lt /91
0ce= G0= 8Zl= 9l= 9l= 9l= 9%C= 8= ¢G0= = 9= 8 8 €= = vEX LL-AHS "€-Dd) L6lS lpunaiy D N 910C Ydiey 8¢ 910C Yd1ey LT 6l
0ce= L 8Zl= 9l= 9= 8 9= 8= ¢90= = v9= 9= 9= TE= = g€X  L-WIL ‘LL-AHS ‘€-DdM  6LLLS lpunay > Sd 9Loz Arenuer g1 910t Atenuer 90 148
6-N-X1D “L-W3L
0ce= L 8Zl= 9l= 9l= 9l= 9l= 8= ¢§0= = 9= 9= 9= (€= 9l TIH vEX  ‘LL-AHS ‘T-WIA ‘€-DdX  961S  lpunaij D Sd  GLOZ ISQWISAON L1 SLOT J9GWSAON 0 8¢el
0ce= §0= 8rl= 9l= 9l= 9l= 95C= 14 L = ¥9= 8 Tl ce= = vEX LL-AHS “€-Dd) L61S llpunaij D N S10Z Isnbny €0 510z AInf 9t 59¢
0= G0= 8tl= 9l= 8 = 9l= 7 S0= ST0= 9= t9= [AERATS T 3/02 g4 'veX LL-AHS ‘€-Dd) S1S 1103 "3 S 10T Yd21ew gL 10T Ys21ey gL LE
0Ce= G0= 8TL= 9l= 9l= 9l= 9= 8= GS0= = 9= ¥9= 9= E= = g14 veX LL-AHS ‘€-Dd) L6lS lpunaljy 5 N 10T Ydiew sl 10T Yaiew sl 013
IXS D91 dZL WIW WdlI N3ID 404 143 1SD dD Z¥D X1D d3d DWWV DMWY (S)uodiday sauab asewepe-g ISTN sapads  gpieMm 34D Jo oBuludans  9pod

p(43311/6W) anjea DI dB0IqHUY

uonejos jo ajeq

151y Jo Sjeq

Apnis siyy Ul pazisideieyd suieds jo sajyoid Ayjiqndadsns dioigiaue pue HuidAy Jeindsjo L 31dVL

aac.asm.org 3

Issue 8 e00505-17

August 2017 Volume 61


http://aac.asm.org

Venditti et al.

taxA

\
\
\
\

© - ~ o [} - O -~
{9 TEO R JIIE OBITE ITLOBUIOIVIISEEIRIELY
3 X XISSSS2538S

g S oo N =2 c

. Q. - (%]

o & 3I3. 2

Y 5 cF .

| _I—/‘ I

: X

1

1

\

= [ @ n ¥ N ™ (§)
TR 8iE5af 19T oenesddEisy
] SE @2 :S% o S8XIXSISEITFT aXaa - =
O % QS > o 9 Q == a3 a =
< 3 g?_:‘-z Q Q Q
|—\2
[ 8N
\ AN
\ ~
~
\ ~

Antimicrobial Agents and Chemotherapy

& © ¢ S < 3 o [} T OOV EUVYD NT
SRR E RIS R R DRI S ITTEREIEEEREINLYGE
g EASELF IS S FEEEEE LS ESS8988838aaa® 88
S K] M ©F N T w® i) = Q Q
3 c S S 9o ¢ < <
- CHA A »n
X X T v
N » o S £ Y Z
44 D r = T

pIncX-SHV,
(JN247852)

pCfr-30, 53,292 bp
(KY659387)

43,384 bp

pCfr-145, 53,292 bp

(KY659388)

FIG 1 Linear maps of plasmids pCfr-30, pCfr-145, and pIncX-SHV. White arrows represent predicted open reading frames (ORFs); the functions of the plasmids
are indicated below the arrows in the linear maps. The ORFs of pCfr-30 and pCfr-145 were identified in this study; ORFs of pIncX-SHV were deduced from the
data available under GenBank accession no. JN247852. Transposase genes of the Tn4407a transposons are indicated by gray arrows; the bla,,. 5 genes inside
Tn4401a are indicated by black arrows. The umuD and Tn3 tnpA genes targeted by the Tnh4401 transposition events are indicated by striped and dotted arrows,

respectively.

circulation of these plasmids in hospital settings and in Enterobacteriaceae other than
K. pneumoniae. Specific PCR assays were devised to detect the integration regions of
Tn4401a, discerning the umuD or tnpA integration sites, respectively (KPC-Fw [5'-GCT
ACACCTAGCTCCACCTTC-3'] [14]; umuD Rv [5'-TTTTCCATCGCCAGCAACC-3']; and tnpA
Rv [5'-GTCGAGTGCCCGGTATTTAG-3']). The KPC-3-IncX3 plasmids were then classified
on the basis of the integration sites as IncX3-type A and IncX3-type B, respectively
(Table 1). PCR results showed that all the ST91 and ST96 strains and one of the two
ST22 C. freundii strains isolated in 2017, as well as the E. coli strain, contained an
IncX3-type A plasmid with the integration of blaypc_; in the umuD gene (Table 1).
These results were confirmed by Pstl restriction fragment length polymorphism
(RFLP) analysis performed on plasmids from transformants Cfr-30, Cfr-138, and
Cfr-145 obtained from C. freundii and E. coli 31 (Ec-31) from E. coli (data not shown).
Plasmid DNAs of transformants Cfr-30, Ec-31, and Cfr-138 showed identical profiles
(IncX3-type A), differing in only one band from the profile of Cfr-145 (IncX3-type B);
this additional band was due to the integration of the blaysc.5 gene in the Tn3
transposase. It is noteworthy that all of the IncX3-carrying CR-C. freundii strains
described above were from the surgical and postsurgical wards, except for one of
the two ST22 strains, which was isolated in 2016 from the ICU (Table 1). This strain
was also the only one that was negative in both IncX3-integration-site PCRs,
suggesting a possible Tn4407a insertion in other regions of the plasmid scaffold.

Taken together, the data presented in our report confirm the finding of an IncX3-
type A plasmid in different C. freundii clones circulating in surgical wards and in an E.
coli strain coisolated from the index patient. The fact that this patient had been
colonized prior to admission to the surgical ward of our hospital in 2014, while all our
other subjects had negative swabs upon arrival, supports the hypothesis that an
IncX3-KPC-3 plasmid was maintained within the ward.
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Further, the presence of the same IncX3 plasmid in the E. coli and C. freundii strains
in the index patient suggests that the bla,pc_s-carrying IncX3 plasmid was probably
transferred in vivo between the two species in the gut of the patient. We cannot
exclude the possibility that E. coli may have been the original donor; however, IncX3
seems highly prevalent in C. freundii, having been previously identified not only in
association with the bla,,_; gene but also in association with blaypy, (20, 21).

In conclusion, the observation of several cases of CR-C. freundii isolates carrying
IncX3-KPC-3 plasmids suggests their ability to persist in hospital wards; further, the fact
that the same ST22 clone circulating in different wards acquired two different KPC-3-
IncX3 plasmids in the course of several months (Table 1) suggests that these plasmids
can be effectively transferred and maintained within Enterobacteriaceae strains of
different origins and sources.

All our CR-C. freundii isolates were colonizers since all C. freundii strains obtained

from clinically relevant sites of patients treated in the surgical wards were also
analyzed by MLST, revealing a heterogeneity of STs and, more importantly, the
absence of the IncX3 plasmid and resistance determinants (data not shown). No
other CRE were isolated from these patients, and no CR-C. freundii strains were
isolated in the entire hospital, except for those described in this study; our results
therefore reinforce the importance of maintaining an active surveillance of all CR
CRE, together with effective infection control practices.

Accession number(s). Sequence data have been submitted to GenBank under the

following accession numbers: for pCfr-30, KY659387; for pCfr-145, KY659388.

REFERENCES

1.

August 2017 Volume 61

Giani T, Pini B, Arena F, Conte V, Bracco S, Migliavacca R; AMCLI-CRE
Survey Participants, Pantosti A, Pagani L, Luzzaro F, Rossolini GM.
2013. Epidemic diffusion of KPC carbapenemase-producing Klebsiella
pneumoniae in Italy: results of the first countrywide survey, 15 May to
30 June 2011. Euro Surveill 30:18(22). http://www.eurosurveillance
.org/ViewArticle.aspx?Articleld=20489.

. Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos GL,

Cormican M, Cornaglia G, Garau J, Gniadkowski M, Hayden MK,
Kumarasamy K, Livermore DM, Maya JJ, Nordmann P, Patel JB, Pat-
erson DL, Pitout J, Villegas MV, Wang H, Woodford N, Quinn JP. 2013.
Clinical epidemiology of the global expansion of Klebsiella pneu-
moniae carbapenemases. Lancet Infect Dis 13:785-796. https://doi
.org/10.1016/51473-3099(13)70190-7.

. Naas T, Cuzon G, Villegas MV, Lartigue MF, Quinn JP, Nordmann P. 2008.

Genetic structures at the origin of acquisition of the beta-lactamase
blaKPC gene. Antimicrob Agents Chemother 52:1257-1263. https://doi
.org/10.1128/AAC.01451-07.

. Zhang R, Yang L, Cai JC, Zhou HW, Chen GX. 2008. High-level carbap-

enem resistance in a Citrobacter freundii clinical isolate is due to a
combination of KPC-2 production and decreased porin expression. J
Med Microbiol 57(Pt 3):332-337. https://doi.org/10.1099/jmm.0.47576-0.

. Adler A, Khabra E, Paikin S, Carmeli Y. 2016. Dissemination of the blakPC

gene by clonal spread and horizontal gene transfer: comparative study
of incidence and molecular mechanisms. J Antimicrob Chemother 71:
2143-2146. https://doi.org/10.1093/jac/dkw106.

. Ribeiro TG, Novais A, Branquinho R, Machado E, Peixe L. 2015. Phylogeny

and comparative genomics unveil independent diversification trajecto-
ries of gnrB and genetic platforms within particular Citrobacter species.
Antimicrob Agents Chemother 59:5951-5958. https://doi.org/10.1128/
AAC.00027-15.

. Ribeiro TG, Clermont D, Branquinho R, Machado E, Peixe L, Brisse S. 2017.

Citrobacter europaeus sp. nov., isolated from water and human faecal
samples. Int J Syst Evol Microbiol 67:170-173. https://doi.org/10.1099/
ijsem.0.001606.

. Clinical and Laboratory Standards Institute (CLSI). 2015. M07-A10. Meth-

ods for dilution antimicrobial susceptibility test for bacteria that grow
aerobically; approved standard, 10th ed. CLSI, Wayne, PA.

. Bai L, Xia S, Lan R, Liu L, Ye C, Wang Y, Jin D, Cui Z, Jing H, Xiong Y, Bai

X, Sun H, Zhang J, Wang L, Xu J. 2012. Isolation and characterization of
cytotoxic, aggregative Citrobacter freundii. PLoS One 7:€33054. https://
doi.org/10.1371/journal.pone.0033054.

Issue 8 e00505-17

. Wirth T, Falush D, Lan R, Colles F, Mensa P, Wieler LH, Karch H, Reeves PR,

Maiden MC, Ochman H, Achtman M. 2006. Sex and virulence in Esche-
richia coli: an evolutionary perspective. Mol Microbiol 60:1136-1151.
https://doi.org/10.1111/j.1365-2958.2006.05172.x.

. Lunha K, Chanawong A, Lulitanond A, Wilailuckana C, Charoensri N,

Wonglakorn L, Saenjamla P, Chaimanee P, Angkititrakul S, Chetchotisakd
P. 2016. High-level carbapenem-resistant OXA-48-producing Klebsiella
pneumoniae with a novel OmpK36 variant and low-level, carbapenem-
resistant, non-porin-deficient, OXA-181-producing Escherichia coli from
Thailand. Diagn Microbiol Infect Dis 85:221-226. https://doi.org/10
.1016/j.diagmicrobio.2016.03.009.

. Dortet L, Poirel L, Anguel N, Nordmann P. 2012. New Delhi metallo-3-

lactamase 4-producing Escherichia coli in Cameroon. Emerg Infect Dis
18:1540-1542. https://doi.org/10.3201/eid1809.120011.

. Peirano G, Lascols C, Hackel M, Hoban DJ, Pitout JD. 2014. Molecular

epidemiology of Enterobacteriaceae that produce VIMs and IMPs from
the SMART surveillance program. Diagn Microbiol Infect Dis 78:277-281.
https://doi.org/10.1016/j.diagmicrobio.2013.11.024.

. Poirel L, Walsh TR, Cuvillier V, Nordmann P. 2011. Multiplex PCR for

detection of acquired carbapenemase genes. Diagn Microbiol Infect Dis
70(Suppl 1):5119-S123. https://doi.org/10.1016/j.diagmicrobio.2010.12
.002.

. Mabilat C, Goussard S, Sougakoff W, Spencer RC, Courvalin P. 1990.

Direct sequencing of the amplified structural gene and promoter for the
extended-broad-spectrum beta-lactamase TEM-9 (RHH-1) of Klebsiella
pneumoniae. Plasmid 23(Suppl 1):527-S34. https://doi.org/10.1016/0147
-619X(90)90041-A.

. 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(Suppl 3):5219-5228. https://doi.org/10.1016/j.mimet.2005
.03.018.

. Tritt A, Eisen JA, Facciotti MT, Darling AE. 2012. An integrated pipeline

for de novo assembly of microbial genomes. PLoS One 7:e42304. https://
doi.org/10.1371/journal.pone.0042304.

. Garcia-Fernandez A, Villa L, Carta C, Venditti C, Giordano A, Venditti M,

Mancini C, Carattoli A. 2012. Klebsiella pneumoniae ST258 producing
KPC-3 identified in Italy carries novel plasmids and OmpK36/0mpK35
porin variants. Antimicrob Agents Chemother 56:2143-2145. https://doi
.org/10.1128/AAC.05308-11.

. Ho PL, Cheung YY, Lo WU, Li Z, Chow KH, Lin CH, Chan JF, Cheng VC.

aacasm.org 5


http://www.ncbi.nlm.nih.gov/nuccore?term=KY659387
http://www.ncbi.nlm.nih.gov/nuccore?term=KY659388
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20489
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20489
https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1128/AAC.01451-07
https://doi.org/10.1128/AAC.01451-07
https://doi.org/10.1099/jmm.0.47576-0
https://doi.org/10.1093/jac/dkw106
https://doi.org/10.1128/AAC.00027-15
https://doi.org/10.1128/AAC.00027-15
https://doi.org/10.1099/ijsem.0.001606
https://doi.org/10.1099/ijsem.0.001606
https://doi.org/10.1371/journal.pone.0033054
https://doi.org/10.1371/journal.pone.0033054
https://doi.org/10.1111/j.1365-2958.2006.05172.x
https://doi.org/10.1016/j.diagmicrobio.2016.03.009
https://doi.org/10.1016/j.diagmicrobio.2016.03.009
https://doi.org/10.3201/eid1809.120011
https://doi.org/10.1016/j.diagmicrobio.2013.11.024
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1016/0147-619X(90)90041-A
https://doi.org/10.1016/0147-619X(90)90041-A
https://doi.org/10.1016/j.mimet.2005.03.018
https://doi.org/10.1016/j.mimet.2005.03.018
https://doi.org/10.1371/journal.pone.0042304
https://doi.org/10.1371/journal.pone.0042304
https://doi.org/10.1128/AAC.05308-11
https://doi.org/10.1128/AAC.05308-11
http://aac.asm.org

Venditti et al.

20.

August 2017 Volume 61

2013. Molecular characterization of an atypical IncX3 plasmid pKPC-
NY79 carrying blaKPC-2 in a Klebsiella pneumoniae. Curr Microbiol 67:
493-498. https://doi.org/10.1007/s00284-013-0398-2.

Ho PL, Li Z, Lo WU, Cheung YY, Lin CH, Sham PC, Cheng VC, Ng TK,
Que TL, Chow KH. 2012. Identification and characterization of a novel
incompatibility group X3 plasmid carrying b/laNDM-1 in Enterobacte-
riaceae isolates with epidemiological links to multiple geographical

Issue 8 e00505-17

21.

Antimicrobial Agents and Chemotherapy

areas in China. Emerg Microbes Infect 1:e39. https://doi.org/10.1038/
emi.2012.37.

Feng J, Qiu Y, Yin Z, Chen W, Yang H, Yang W, Wang J, Gao Y, Zhou D.
2015. Coexistence of a novel KPC-2-encoding MDR plasmid and an
NDM-1-encoding pNDM-HN380-like plasmid in a clinical isolate of Cit-
robacter freundii. ) Antimicrob Chemother 70:2987-2991. https://doi.org/
10.1093/jac/dkv232.

aac.asm.org 6


https://doi.org/10.1007/s00284-013-0398-2
https://doi.org/10.1038/emi.2012.37
https://doi.org/10.1038/emi.2012.37
https://doi.org/10.1093/jac/dkv232
https://doi.org/10.1093/jac/dkv232
http://aac.asm.org

	Accession number(s). 
	REFERENCES

