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The predominance of Klebsiella pneumoniae carbapenemase (KPC)-producing K. pneumoniae was caused by
the spread of ST258 clone. In Latin America, KPC was reported in 2006, with the isolation of genetically
unrelated K. pneumoniae in Colombia. Since then, the expansion of blaxpc in either K. pneumoniae ST258 or
other Enterobacteriaceae (ETB) species was increasingly reported. In this study, we characterized 89 KPC-
producing Escherichia coli, Klebsiella oxytoca, Serratia marcescens, and Citrobacter freundii that were
received between 2010 and 2014. The results revealed that all isolates harbored blagxpc.,. Moreover, the
dissemination of KPC by non-K. pneumoniae was mainly caused by the dispersion of ETB mostly genetically
unrelated. E. coli is a community pathogen that may serve as the vehicle for the spread of KPC into community
settings. Recently, KPC was detected in E. coli ST131, an international epidemic and multidrug-resistant
clone. We found that 5/29 KPC-producing E. coli belonged to ST131 and four were blactxm.15 producers. The
detection of blagpc in ST131 should be closely monitored to prevent further dissemination. The blagpc is
generally located within Tn4401 transposon capable of mobilization through transposition found in plasmids in
ST258. Less is known about the diversity of blagpc genetic elements that disseminate horizontally among other
species of ETB. We found that 16/29 E. coli and 2/18 S. marcescens harbored blaxpc., in Tn4401a. In 71
isolates, blaxpc.» was located amidst diverse Tn3-derived genetic elements bearing non-Tn4401 structure.
Further studies on the plasmids that encode blakpc_, in these clinical isolates may provide additional insight
into its transmission mechanisms.
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Introduction (LA) was first reported in 2006, with the isolation of genet-
ically unrelated K. pneumoniae isolates in Medellin, Co-

ARBAPENEMASE-PRODUCING ENTEROBACTERIACEAE lombia.* Since then, the expansion of blaxpc harbored by

(ETB) represent a major threat to public health world-
wide. The enzyme Klebsiella pneumoniae carbapenemase
(KPC) is the most frequently encountered mechanism of re-
sistance.' The acquisition of KPC-producing bacteria is asso-
ciated to prolonged hospitalization, intensive care unit stay, use
of invasive devices, immunosuppression, and multiple antibi-
otic treatments.! Treatment options for carbapenem-resistant
ETB are extremely limited, resulting in poor outcomes, in-
creased length of stay, and substantial morbidity and mortality.

The worldwide dissemination of KPC has been caused
mainly by the spread of a single successful clone of K. pneu-
moniae, sequence type 258 (ST258).* KPC in Latin America

K. pneumoniae ST258 in LA hospitals has been increas-
ingly reported in Brazil,>*® Argentina,”® Uruguay,’ Puerto
Rico,'%!! and Cuba.'?

KPC enzymes have been detected in other ETB, including
Salmonella spp., Enterobacter spp., Klebsiella oxytoca, Serratia
marcescens, Citrobacter freundii, Escherichia coli, and Proteus
mirabilis."> Nevertheless, KPC production in these species is
less prevalent, but is increasingly reported in our continent,
presumably as blagpc-carrying plasmids are acquired from
K. pneumoniae by these species and then disseminated.'*

As mentioned, KPC-producing E. coli are not yet frequent.
Nevertheless, the intercontinental dissemination of E. coli

'Servicio Antimicrobianos, Dpto. Bacteriologia, Instituto Nacional de Enfermedades Infecciosas, ANLIS “Dr. Carlos G. Malbran,”

Buenos Aires, Argentina.

Consejo Nacional de Investigaciones Cientificas y Tecnoldgicas (CONICET), Buenos Aires, Argentina..
3Department of Pathology and Genomic Medicine, Center for Molecular and Translational Human Infectious Diseases Research,

Houston Methodist Research Institute, Houston, Texas.



Downloaded by Gothenburg University Library from online.liebertpub.com at 12/14/17. For personal use only.

2

ST131 has contributed immensely to the worldwide emergence
of fluoroquinolone-resistant and CTX-M-producing E. coli."®
Several countries in different continents (Europe, America,
Asia, etc.) have regorted and alerted the detection of KPC in
E. coli ST131.'%'® As a consequence, ST131 poses a major
threat to public health because it has the potential to cause
widespread resistance to carbapenems in a community patho-
gen.'” In Argentina, the occurrence of E. coli ST131 was re-
ported in 2012, but this clone was never associated to blagpc.

blagpc genes are typically transposon encoded in Tn4401
and blagpc-bearing non-Tn4401 elements (NTEgpc), named
like this to simplify the nomenclature.?' These elements are
carried on conjugative plasmids, which increase its potential
for dissemination.?' The transfer of mobile genetic elements
may serve as a vector for interspecies transmission and thus
poses a serious challenge for infection control measures.*

In Argentina, health institutions submit clinical strains
for characterization to the National Reference Laboratory
in Antimicrobial Resistance (NRLAR). In this study, we de-
scribe the molecular characteristics of KPC-producing E. coli,
K. oxytoca, S. marcescens, and C. freundii detected between
2010 and 2014, and analyze the diverse genetic environment
of blaxpc.» found in these isolates.

Materials and Methods
Isolates

From June 2010 to March 2014, 89 nonduplicate KPC-
producing non-K. pneumoniae ETB were referred to the
NRLAR from 9 cities across Argentina (Supplementary
Table S1 Supplementary Data are available online at www
Jdiebertpub.com/mdr) due to nonsusceptibility (NS) to er-
tapenem and positive synergy between a carbapenem and
boronic acid disk as follows: E. coli (n=29), K. oxytoca
(n=22), C. freundii (n=20), and S. marcescens (n=18).
Isolates were identified using matrix-assisted laser desorp-
tion ionization-time of flight mass spectrometry (Bruker,
Germany). The isolates were obtained from different ana-
tomical locations (see Results section and Supplementary
Table S1), some were rectal screening samples and one from
an environmental source.

Susceptibility testing

Minimum inhibitory concentrations (MICs) were obtained by
agar dilution to gentamicin, amikacin, ciprofloxacin, minocy-
cline, colistin, fosfomycin, and tigecycline and interpreted ac-
cording to the Clinical and Laboratory Standards Institute
guidelines (CLSI). Imipenem and meropenem MICs were per-
formed by broth microdilution (CLSI). Fosfomycin, colistin, and
tigecycline MIC results were interpreted following EUCAST
recommendations (www.eucast.org/clinical_breakpoints).

Molecular characterization

ESBL screening was performed using specific primers
listed in Supplementary Table S2 for blapgr_», and specific
for blacrx-m-2, blactx-m.1n1s, blacrx m-sps, and blacrx mona
groups. Sequencing of amplicons was done on both strands
(Applied Biosystems/Perkin Elmer, Foster City, CA). blaxpc
was confirmed by polymerase chain reaction (PCR) and se-
quencing. The genetic surroundings of blaxpc were done as
previously described.® Sequence analysis was performed
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using BLAST (www.ncbi.nim.nih.gov). Multiple-sequence
alignments were done with Clustall Omega (www.ebi.ac
.uk/Tools/msa/clustalo) and BioEdit version 7.0.0. The in-
sertion sequences were searched in the insertion sequence
(IS) finder (www-is.biotoul.fr/blast.php).

Pulsed-field gel electrophoresis (PFGE) of Xba-I digested
genomic DNA was performed in a Chef-DR® III System
(Bio-Rad, Hercules, CA) as previously reported by Gomez
et al.® Salmonella enterica serotype Braenderup (H9812)
restricted with Xbal was used as a molecular weight stan-
dard. PFGE gels were analyzed and interpreted according to
Tenover et al.*> Plasmid content and estimated sizes were
determined by S1 endonuclease digestion of genomic DNA
followed by PFGE (S1-PFGE).**

Preliminary screening by PCR targeting O25b gene of
E. coli ST131 was done as proposed previously®> and con-
firmed with E. coli MLST scheme [http://mlst.ucc.ie/mlst/
dbs/Ecoli/documents/primers Coli_html].

Results
Epidemiological data

The isolates were received from 46 hospitals (9 cities)
around Argentina. The median age was 45 years (range 2
months—94 years old) with or without underlying conditions.
Blood stream infections were the most prevalent (21%),
followed by urinary tract infections (18%), rectal screening
(15%), abdominal drainage (9%), skin and soft tissue (6%),
and other sites (38%). One K. oxytoca isolate was an envi-
ronmental sample obtained from dialysis water. The admis-
sion of patients was mostly in the intensive care units (35%)
and the rest to different wards. The epidemiological data can
be found in Supplementary Table S1.

Identification of blakpc allele, antimicrobial
susceptibility, and ESBL content

All isolates harbored blaxpc.». E. coli and S. marcescens
were resistant to imipenem and meropenem (Table 1).
K. oxytoca showed 95% non-susceptibility (intermediate plus
resistant phenotype) while C. freundii showed 95% and 90%
non-susceptibility against imipenem and meropenem, re-
spectively. The evaluation of aminoglycosides rendered
32% of the isolates nonsusceptible to amikacin, while 57%
were nonsusceptible to gentamicin. Non-susceptibility to
ciprofloxacin was observed in 69% of the isolates. Minocy-
cline showed 38% non-susceptibility, while fosfomycin and
colistin were the most active drugs: 2% and 3% non-sus-
ceptibility, respectively. S. marcescens is naturally resistant to
colistin; therefore it was excluded in this analysis. In addition,
we screened for locally prevalent ESBLs (Supplementary
Table S1): blapgg and blacrx.m.”® blapgro> Was detected in
12% of the isolates distributed as follows: 32% K. oxytoca,
15% C. freundii, and 5% S. marcescens, whereas blactx.m
was detected in 19% of the isolates and mostly produced by
E. coli 27%. The CTX-M groups detected were blactx.m-2
(n=4), blactx-m-1ns (n=6), blactx.mon4 (n=35), and
blactxm.gns (n=2). CTX-M-9/14 was mostly detected in
S. marcescens, while CTX-M-1/15 was detected in E. coli.

Genetic relatedness

PFGE analysis showed the absence of major clones; only
some related patterns were observed in groups of two to four
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isolates per species (Supplementary Table S1). In some cases,
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A

C1 1762bp e =], KOX
[ 2 1466bp - o—— =47, ECO/CFR/KOX/SMA Variant 1a
3 1456bp — e — 0= 1, SMA
B—VTE;;;Q-I[ 4 1446bp I - n=1,ECO
5 1321bp L [ITTTTI TN a n=1,CFR
6 855bp n=2 KOX
L 7 LR N L L L L LT =] KOX
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5 7s3bp n=1,CFR
10 709bp n=2, SMA/CFR
CNEeel |11 7030p n=1,KOX
12 702bp n=3, SMA
13 692 bp n=3, CFR
14 680bp n=1 ECO

FIG. 1. Schematic representation of blaxpc.» genetic environment in ETB from Argentina. The schematic figure repre-
sents the longest sequence obtained and it was used as reference for the alignment shown. The alignment shown is centered
on the variations detected upstream of blaxpc., (A, B—NTEgpc-II and C—NTEgpc-I). Genes (open reading frames) and
their corresponding transcriptional orientations are indicated by horizontal broad arrows. Filled triangles represent inverted
repeats of ISs and Tn3-group transposons (IRR Tn801-like). Empty triangles represent A/T-rich pentameric target site
duplication. The region indicated by the gray shadow block is amplified below to depict the different structures found
upstream of blagpc.», as observed in the alignment of the sequences. Solid lines represent ATn3 (yellow), Ablargy, or
blatgm (green), intergenic region, IRRs, and KPC promoter (black); dotted lines represent deletions or gaps. Numbers on
the left indicate the number of variant (1-14) and the nucleotide length (nt) in base pairs (bp) obtained from primer to
primer. On the right, the number of isolates (n) harboring each sequence and the species are shown. Line 2 represents the
most common sequence detected in Argentina called Variant 1a (NTEgpc-1I). (A) ISKpn8-ATn3-blatgnm.1—blaxpcISKpn6-
like; (B) NTEgpc-1I: ISKpn8-ATn3-Ablargym.1—blaxpc»-1SKpn6-like; (C) NTEgpc-1: ISKpn8-ATn3-blaxpc.» ISKpn6-like.
ETB, Enterobacteriaceae; KPC, Klebsiella pneumoniae carbapenemase; IS, insertion sequences. Color images available

online at www.liebertpub.com/mdr

In silico analysis of the blaxpc promoter region sequence
in NTEgpc isolates revealed the presence of promoter P1
already described in KPC located in Tn4401.>* The exception
was one C. freundii where the P1 promoter was absent, only
showing the ribosome binding site and one E. coli without the
—35 sequence (Fig. 1, B-NTEkpc-1I, line 4). The imipenem
MIC of both isolates was 4 pg/mL.

Discussion

Infections caused by multidrug-resistant bacteria consti-
tute the leading cause of serious healthcare-associated in-
fections and are responsible for extended periods of hospital
stay, severe illness, mortality, and increased economic bur-
den.?® Moreover, the attributed mortality to infections due
to KPC-producing strains is very high (50% or more).”® We
have reported the emergence of blaxpc in Enterobacteriaceae
in Argentina in 2006. Since 2008, we have used an algorithm
to implement active surveillance of carbapenemases among
laboratories that participate in the National Quality Control
Program in Bacteriology (Argentinean Ministry of Health).®
Briefly, isolates showing the following: (1) imipenem inhibition
zones <21 mm, (2) NS to expanded-spectrum cephalosporins,
and (3) synergy between carbapenems and 3-aminophenyl-
boronic acid disks were suspected of KPC production and sent
to the NRLAR. In this work, we presented a description of 89
non-K. pneumoniae KPC-2 producers isolated in Argentinean
hospitals.

blaxpc.; is the only allele ever detected in Argentina since
the first ﬁnding.7 In LA, blaxpc.; has been reported in Co-
lombia and blagpc., in southern countries.”’ Nevertheless,
this geographical difference is not exclusive: Puerto Rico has
reported the novel variant blaxpc.g and blaxpc.,, and Cuba
has reported the emergence of blaxpc.,.

In our study, no major clones were detected, demon-
strating that the spread of KPC-2 in non-K. pneumoniae
isolates in Argentina is not driven by clonal dissemination,
unlike K. pneumoniae ST258.8 Previous reports, although
infrequent, have documented the emergence of KPC enzymes
in other ETB different from K. pneumoniae, including Sal-
monella enterica, K. oxytoca, Enterobacter species, E. coli,
C. freundii, and S. marcescens.”**! Tn a report from Brazil,
two distinct PFGE pattern groups were observed among six
E. cloacae and three S. marcescens blaxpc.o producers.32
Other reports are from China, where the pattern of KPC
dissemination seems to be similar to that of Argentina: many
ETB species disseminating in a nonclonal manner, mostly
due to horizontal transfer of blaxpc.,-harboring plasmids.

Carbapenem resistance in E. coli in extraintestinal in-
fections is often life-threatening and one of the most im-
portant nosocomial pathogens that may serve as a vehicle to
spread KPC-mediated resistance into community settings.'*
Nevertheless, data on the molecular epidemiology of KPC-
producing E. coli remain relatively scarce.” In this study, we
show that 5/29 E. coli isolates belong to the international,
hyperepidemic, and multidrug-resistant E. coli ST131 clone.
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This clone has been characterized as highly virulent and has
been reported all over the world, representing a major public
health problem. To the best of our knowledge, this is the first
report of KPC in ST131 in Argentina.

Many resistance genes are located on plasmids that can
be transferred between different bacterial strains or species,
thus facilitating horizontal gene transfer (HGT).* In our study,
the plasmids detected vary in number, size, and replicon
type among the different strains. This was observed in previous
reports, where we and others demonstrated the in vivo and
in vitro transference of blaxpc-harboring plasmids between
different ETB with diverse genetic backgrounds.®*** Some
authors consider that the role of HGT in short-term evolution is
still unclear, as capturing the processes in real time is chal-
lenging and outbreaks in healthcare settings are usually dom-
inated by clonal transmission.>> Furthermore, resistance gene
mobility can be enhanced by integration into transposable el-
ements, which can autonomously mobilize between different
genomic locations.*® The characterization of the immediate
genetic environment of blaxpc_, in our isolates revealed that
Tn4401a was detected in 55% of E. coli isolates referred to the
NRLAR. The reasons why Tn4401a moved into E. coli and not
to the other ETB species is a question that needs to be an-
swered. The emergence of E. coli producing KPC carried by
Tn4401 has been reported in other regions such as USA,>’
Israel,3 8 and Greece. In these countries, where the prevalence
of KPC-producing ST258-K. pneumoniae is high, the dis-
semination of KPC-producing E. coli has been mostly non-
clonal, as observed herein. Interestingly, results from our study
reveal that all isolates harboring Tn4401a came from hospitals
located in the metropolitan area of Buenos Aires, while non-
Tn4401a isolates were recovered throughout the country.
When analyzing blaxpc genetic platforms in reports from LA
(Brazil, Colombia, Venezuela, Trinidad and Tobago, Pert,
Ecuador, Chile, Paraguay, and Uruguay), most countries re-
port that both blaxpc., and blagpc.; almost exclusively har-
bored on Tn4401a or b variants and in diverse ETB species,
although K. pneumoniae is the majoritarian species reported,
as expected.”**** As an exception, a report from Chile de-
scribes the finding of 11 out of 17 blaxpc, K. pneumoniae
isolates harbored in Variant 1a, and in the rest of the isolates in
Tn4401a. They also find 1 blagpc.o4 and 16 blagpc..** Reports
from the rest of the American Continent suggest the tendency
is very similar to LA where Tn4401 is the majoritarian genetic
platform detected.'"**~*® The curious finding was that of Puerto
Rico where they detected blaxpc on a novel truncated version
of Tn4401e located in the chromosome of an Acinetobacter
baumanii.*' In our study, we are reporting a different situation
where blagpc., is mostly harbored (80%) in NTEgpc.

In 2009, a novel genetic background of the blaxpc_, gene
was described in China®’ on the plasmid pKP048. blaxpc.»
flanking regions contained a Tn3-based transposon and a
partial Tn4401 segment. The genetic environment of the
blagpc_, gene of 71 isolates analyzed in our study was similar
to the genetic structure described by Shen er al. Overall, 66%
(47/71) of the NTEkpc isolates harbored the same region
around blagpc, (Fig. 1, b-NTEgpc-11, line 2). In addition,
other variants were identified in this study (Fig. 1A-C). A
similar scenario was reported recently in China where the
spread of blaxpc_, gene between different Enterobacteriaceae
species seems to be mediated by HGT of Tn3-based transpo-
sons and not by blagpc.o-carrying plasmids.*® Further studies

are required to determine whether these NTEkpc are a con-
sequence of transposon rearrangements together with HGT of
blagpco-harboring plasmids or a different disseminating
mechanism of NTExpc between species.

Conclusions

In this work, we show that the dissemination of non-K.
pneumoniae species producing blaxpc., in Argentina is not
vertical and blagpc is located on diverse variants of Tn3-
derived NTEgpc genetic platforms. We believe that this is
the first report of KPC-producing E. coli ST131 in the region.
KPC producing gram-negative pathogens, together with other
carbapenemases, are significantly changing the global be-
havior of resistance, similar to other infections that have al-
tered the course of humanity. The reasons are the increasing
incidence of multidrug-resistant bacteria, together with the
lack of effective antimicrobial stewardship, infection control
policies, design of new antimicrobials- and safe approaches
to protect the efficacy of the current last-resort drugs. As a
consequence, there is compelling need to understand the
dissemination mechanisms of these pathogens. Undoubtedly,
understanding the genetic determinants that contribute to the
dispersion of these bacteria as well as their associated plas-
mids will lead to improved tracking of resistance and the
better control of its spread.
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