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RESUMEN

Esta tesis se trata sobre la resistencia a los carbapenémicos en el patdégeno oportunista
Klebsiella pneumoniae (RCKPN), la cual fue reportada por primera vez en Ecuador en el
2012 y en otras especies de Enterobacterias resistente a los carbapenémcios (CRE). En el
capitulo | incluimos una revisiéon bibliografica sobre genes de carbapenemasas y
elementos genéticos moviles (MGEs) en America del Sur. En el Capitulo Il analizamos las
implicaciones clinicas relacionadas a infecciones producidas por CRKPN. En el Capitulo llI
caracterizamos los MGEs relacionados a gen blakpec-2, la carbapenemasa mas prevalente en
el Ecuador. En el capitulo IV describimos el EGM Tn1999 relacionado al gen blaoxa-as-Like
en Raoultella ornithinolityca.

Palabras clave: Carbapenemasa, Elemento genético movil, Enterobacteria.



ABSTRACT

This thesis focuses in carbapenem resistance in the opportunistic pathogen Klebsiella
pneumoniae (CRKPN), which was first reported in Ecuador in 2012 and other species of
carbapenem resistant Enterobacteriaceae (CRE). In Chapter | we include a bibliographic
review about carbapenemase genes and mobile genetic elements (MGEs) in South
America; In Chapter Il we analyzed the clinical implications related to infections caused by
CRKPN. In Chapter Ill we characterized the MGEs related to blakec2 gene, the most
prevalent carbapenemase reported in Ecuador. In Chapter IV we describe the Tn1999
MGEs related to blaoxa-as-Like present in Raoultella ornithinolityca.

Key words: Carbapenemase, Mobile genetic element, Enterobacteriaceae
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Abstract

Introduction: Carbapenem resistance in members of order Enterobacteriales is a growing
public health problem causing high mortality in developing and industrialized countries.
Their emergence and rapid propagation worldwide were due to both intercontinental spread
of pandemic strains and horizontal dissemination via mobile genetic elements (MGE) such
as plasmids and transposons.

Objective: To describe MGEs carrying carbapenem resistance genes in Enterobacteriales
which have been reported in South America.

Search strategy and selection criteria: A search of the literature in English or Spanish
published until 2019 in PubMed and Google Scholar databases was performed for studies
of MGE in Enterobacteriales reported in South American countries.

Results: Seven South American countries reported MGE related to carbapenemases.
Carbapenemase-producing Klebsiella pneumoniae belonging to clonal complex 258 are the
most prevalent pathogens reported; others carbapenemase-producing Enterobacteriacea
such as Escherichia coli, Serratia marcescens, and Providencia rettgeri, also have been
reported. The MGE implicated in the spread of the most prevalent carbapenemase genes are
Tn4401 and non-Tn4401 elements for blakec and 1SAbal25 for blanowm, located in different
plasmid incompatibility groups and bacterial clones.

Conclusion: This review indicates that, like in other parts of the world, the most commonly
reported carbapenemases in Enterobacteriales from South America are being disseminated
in the continent through clones, plasmids, and transposons which have been previously
reported in other parts of the world.

Keywords: Mobile genetic elements, carbapenemase, South America.

Running title: Mobile genetic elements in South America
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Introduction

Enterobacteriales are the most prevalent opportunistic pathogens in hospital settings,
causing, sepsis, pneumonia, soft tissue infections, urinary tract infections, and others. To
make this problem worse, the emergence of resistance to 3-lactams, the most commonly
used family of antibiotics, has drastically reduced treatment options for those infections.!
Since Alexander Fleming described the penicillin in 1928, a large number of -lactams have
been reported belonging to five groups: penams, penems, cephems, monobactams, and
carbapenems, all of which possess a  -lactam ring. The carbapenems group is the election
to treat infections caused by bacteria producing extended-spectrum B-lactamases (ESBLS)
or AmpC cephalosporinases.?

In recent years the carbapenem-resistant Enterobacteriaceae (CRE) have rapidly emerged
and disseminated worldwide, this resistance is caused by either production of
carbapenemases or a combination of mechanisms such as the presence of different ESBLS
(or AmpC) in addition to porin loss. The evidence suggests that clonal dissemination of
carbapenemase-producing Enterobacteriales (CPE) plays a critical role in hospital
outbreaks of life-threatening infections, which has increased mortality, morbidity and
hospitalization costs.> However, mobile genetic elements (MGE) including plasmids,
transposable elements (TEs), and integrons are probably the most important factors
implicated with the dissemination of carbapenemase genes among different bacterial
species. Transposable elements, including insertion sequences (ISs) and transposons (Tns),
are discrete DNA structures, located in plasmids or chromosomes, which can move (through
the activity of self-encoded transposases) to new locations in the genome. The ISs are the
smallest TEs that can move resistance genes as part of a composite transposon; a gene
bounded by two copies of the same or related IS that can move as a single unit.*® In this
review, we describe different MGEs associated with carbapenemase genes in

Enterobacteriales members reported in South American countries.
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Methodology

A search of literature published in English or Spanish until August 2019 was performed
using PubMed and Google Scholar databases. In a first-round, the keywords ‘mobile genetic
elements AND carbapenemase resistance, carbapenemase AND Enterobacteriaceae or
Enterobacteriales AND (Argentina OR Brazil OR Bolivia OR Colombia OR Chile OR
Ecuador OR Paraguay OR Peru OR Uruguay OR Venezuela)’ were used. Abstracts or
conference reports were not included unless the article form was unavailable. All selected
articles were subjected to a second search round for selection of specific studies using
molecular analysis criteria: a) description of clonality based in sequence type (ST) using
multilocus sequence typing (MLST) or whole genome sequencing; and b) descriptions of
MGEs associated with carbapenemase genes in Enterobacteriaceae species, including
plasmid incompatibility groups (based on replicon typing or restriction digestion performed

with S1 nuclease) and/or description of TE or integrons structures using DNA sequencing.

Results

Argentina

The first report of chromosomally encoded NMC-A carbapenemase was in an Enterobacter
cloacae isolate recovered from a leukemia patient in 2004.% Four years later a KPC-2-
producing K. pneumoniae strain was reported.” Gomez et al. described the Tn4401a isoform
associated with blakpc2 harbored in the international clone K. pneumoniae ST258.
Interestingly, a blakrc-2 gene was associated with non-Tn4401 elements (NTE) in the non-
ST258 clones of K. pneumoniae (ST11, ST476, and ST526). In other Enterobacteriaceae
species, it was harbored in transferable plasmids belonging to IncHI2, IncL/M and IncA/C
incompatibility groups.® Theblanom-1 gene was located in a Tn125 composite transposon
harbored in plasmids of different sizes, reported in Providencia rettgeri.® A blamp-s-

harboring plasmid IncA/C1-ST13 was described in E. coli, and the carbapenemase gene
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was associated with integron class | flanked by two 1526 elements.’® Other metallo-R-
lactamases (MBL), such as blaviv-2 and blavim-11, were associated with integrons In883,
In885, In346, In900 in E. cloacae,!* and blavim-16 associated with class | integron in
Serratia marcescens.> The blaoxa1ss and blaoxa2s7 genes were reported in K.
pneumoniae, interesting, their genetic environment comprised the insertion sequence
1S4321 upstream and 1S4-like insertion downstream.®

Colombia

The first description of KPC-2-producing K. pneumoniae isolate in South America was
reported in Colombia in 2005.2 Later, a KPC-3- producing K. pneumoniae was isolated
from an Israeli patient (international spread).'® Another report showed that the blaxpc-2 was
most prevalent than blakpc-3 in ST258 and non- ST258 K. pneumoniae isolates, and the
isoform Tn4401a was more prevalent than Tn4401b.1® Other reports showed a close
relationship of blakpc-2 with Tn4401b isoform (harbored in IncL/M plasmids) in isolates of
K. pneumoniae ST14, ST338, and ST339.1 Interestingly, the isoform “b” was also
harbored in IncA/C and IncF plasmids in non-K. pneumoniae isolates.’® blanpm-1 was
reported in Escherichia coli associated with Tn125 and Tn5393, located in an IncA/C
plasmids.’® An outbreak caused by a K. pneumoniae ST1043 carrying an IncA/C, blanpm-
1-plasmid was also reported.?°

Brazil

Carbapenem-resistant K. pneumoniae ST258 harboring blakec-2 gene in a Tn4401a isoform
and located in conjugative plasmids are the most common carbapenemase-producing
enterobacterial pathogen in this country. KPC-2-producing K. pneumoniae belonging to
the clonal complex (CC) 258 (including ST258, ST11, and ST437), has been described in a
variety of MGE associations (IncFll, IncN, IncL/M, and untypable plasmids carrying
Tn4401a or Tn4401b, which were successfully disseminated among species of

Enterobacteriales.?! Similarly, another study described a KPC-2-producing K. pneumoniae
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ST11 carrying a Tn4401 located in a IncW plasmid group.?? Recent work described two K.
pneumoniae isolates carrying the blakpc-2 gene in NTE 1ld located in IncQ1 and Col-like
plasmids.? In one study the authors showed an association of blakec-2 with Tn4401b and
IncN plasmids in CC11 K. pneumoniae.?* E. coli, E. cloacae, Enterobacter aerogenes,
Citrobacter freundii have also been reported carrying blakec-> gene located in Tn4401b or
Tn4401d isoforms on plasmids of different sizes.®® A new carbapenemase, blagkc-1, was
reported in K. pneumoniae ST1781 and it was classified as a new member of molecular
Ambler class A serine carbapenemases in 2015; it was located in a 10-kb no conjugative
IncQ plasmid that included a mobilization system, ISKpn23.%

Reports of MBL and their MGEs were related to blanpom-1 and associated with a truncated
ISAba125 in Enterobacter hormaechei?’ or inside a ~10 kb, composite transposon (two
copies of ISAba125) named Tn125 in P. rettgeri.?® Interestingly, this gene has also been
located in the transposon Tn3000 in E. coli and E. hormaechei.?® Other MBLs such blawe
-1gene in K. pneumoniae and P. rettgerii 23! and blave-10 in S. marcescens® were linked
to class 1 integrons.

A blaoxa-370 encoding a carbapenemase related to OXA-48, was reported in E. hormaechei.
This gene was flanked upstream by a Tn3 family transposase gene tnpA (truncated by an
1S5075-like insertion) and downstream of a Tn4 family tnpA gene (truncated by an 1S15-
like insertion).®

Ecuador

A blakpc-2 gene was detected in K. pneumoniae ST258 and ST25 and associated with
Tn4401a (Reyes, et al, manuscript in preparation), whereas theblanom-1 gene harbored in
IncA/C plasmid, was reported in K. pneumoniae ST147.3* A blaoxaas- Like harbored in a
Tn1999 was reported in a clinical isolate Raoultella ornithinolytica.*

Chile
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The Tn4401a isoform harboring blakec gene was reported in K. pneumoniae ST258, ST101,
ST25 clones and an NTE variant 1 in K. pneumoniae ST11, ST1161, and ST29.3¢
Uruguay

The presence of blakec2 gene harbored in Tn4401a was identified in K. pneumoniae ST
258 causing an outbreak.®’

Venezuela

The blakpc-2 located in a Tn4401b was reported in K. pneumoniae ST11, ST15, ST833,
ST1271, ST1857, ST1859 and ST1860 clones.®® K. pneumoniae ST833 was also described

carrying blakpc-2 and a class 1 integron harboring blaviv-2.*®

Discussion

Although some successful bacterial clones can disseminate resistance vertically (e.g. K.
pneumoniae belonging to CC258 carrying Tn4401/blakec), carbapenemase genes (as well
as other antibiotic resistance determinants) are frequently transmitted horizontally between
different enterobacterial clones, species, and genera.*® Furthermore, these genes also
disseminate among different plasmids and chromosomes through transposition or
recombination events.*

In South America, we observed the same patterns reported worldwide (Table 1), which
indicates that some clones are being transmitted among South American countries (or
elsewhere), raising the need for tracking carbapenemase clone dissemination. There is also
evidence of carbapenemase gene mobility between plasmids and clones which potentially
facilitates the emergence of new epidemic CRE clones such as K. pneumoniae ST11 and
the hypervirulent clone ST25 (Table 1). This type of mobility is more difficult to track;
plasmids carrying these genes could be identified (by replicon typing or plasmid/whole
genome sequencing), but the rearrangements due to recombination and transposition

sometimes complicate their traceability.®4? A clear example of this evolution is the blaxec-
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2 gene in K. pneumoniae CC258, which has been associated with IncFIl derivatives such as
pKpQIL “ and other plasmid incompatibility groups in Argentina, Brazil, Colombia and
Ecuador (Table 1) which have been recovered from K. pneumoniae CC258, non-CC258 and
other members of the Enterobacteriales order.***® This variability of plasmids carrying
similar blakpc genetic environments suggests active plasmid rearrangements driven by
transposons (e.g. Tn4401). The blakpc2 dissemination from the original host (K.
pneumoniae) to other Enterobacteriales members is consequence of this evolutionary
process: an active transposon harboring antimicrobial resistance genes finding broad (e.g.
L/M, N, W) or wide host range plasmids (e.g. IncF, IncH), like it was found in South
America (Table 1).%

Another approach to partially assess some of these complexities could be analyzing the
genetic environment in which these genes are located. A classic example would be Tn4401,
a Tn3-type, 10-kb mobile transposon frequently associated with blakec genes. Its structure
consists of a Tn3 transposase gene (tnpA), a resolvase gene (tnpR) and additional insertion
sequences (ISKpn6 and ISKpn7) delimited by two 39-bp imperfect inverted repeats (IRs)
47 The isoforms (a to h) are classified based in nucleotide deletions upstream of blaxpc
gene (affecting its promotor region and the KPC-expression), lacking genes or both: for
instance, isoform "a" has a 99 bp deletion; isoform "b" has no deletion; isoform "c", a 215
bp deletion; isoform "d", a 68 bp deletion; isoform "e", a 255 bp deletion; isoform "f*, a
truncation in tnpA, absence of tnpR, ISKpn7 left part and Tn4401 IRL-1; isoform "g" is
similar to "f" plus a 215 bp deletion (like isoform c);and isoform "h" has a 188-bp deletion
(48) (Fig. 1). Non-Tn4401 elements (NTE) are other genetic environments of the blakerc
gene. These are complex DNA structures sharing some Tn4401 elements such as ISKpn6é.
Some examples are shown in Fig. 1.114%%0 In South America the isoforms Tn4401a and b
were the most commonly found in the regional studies (e.g. in Argentina, Colombia, Brazil,

Chile, Ecuador, and Venezuela), but NTEs and the isoforms Tn4401c and d were also
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described in Brazil, respectively, mainly in non-K. pneumoniae isolates (Table 1). As it was
mentioned before, this lateral dissemination between genera and species would be more

related to the type of conjugative plasmid where the transposon ‘landed’.

Currently, more than 70 MBLs (chromosomally and plasmid-encoded) have been reported
and grouped based on DNA sequence similarity®l. NDM is one of the most successfully
plasmid-disseminated MBL detected in different members of the Enterobacteriaceae
family around the world and their frequent association with 1ISAbal125 suggests a possible
Acinetobacter spp. origin, a bacterium in which this association is very common.>? Tn125,
an ISAbal25-based composite transposon, was one of the genetic elements described to be
involved in blanpm dissemination, but in Enterobacteriaceae Tn125 has been interrupted or
truncated, generating a variety of different genetic contexts for blanom,>® K. pneumoniae,
E. coli, and Enterobacter spp are the predominant carriers of blanom, with heterogeneous
clonal backgrounds and multiple acquisitions of blanom genes across bacterial species, also,
different replicon types of blanom-carrying plasmids in the Enterobacteriaceae were
described, being the most common IncA/C, FIA, FIB, FlI and X3° (In our bibliographic
review we found less frequent descriptions of MBL-producing Enterobacteriacea).
Reported blanom-1 genes were associated with ISAbal25 composite transposon Tn125
(Table 1). There are no extensive descriptions of bacterial clones and plasmid
incompatibility groups related to blanom in South America. In Argentina, one description
was found of a blanpwm-1-harboring, IncB/O plasmid recovered from P. rettgeri, in Colombia
and Ecuador, blanom-1 was detected on IncA/C plasmids from E. coli (Colombia) and K.
pneumoniae (both countries). More information has to be developed and analyzed to have
a clearer picture of blanom spread in South America. A similar scenario was to blavim
(Argentina-Venezuela) and blaime (Brazil), both carbapenemase genes associated to class

1 integrons, also described in Pseudomonas aeruginosa, evidencing that class | integrons
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are efficient genetic platforms to incorporate MBLs genes and disseminated once a
transposon or plasmid is involved.>* >

The OXA-enzymes have higher hydrolysis rates against cloxacillin and oxacillin than other
B-lactams, they are poorly inhibited by clavulanic acid, tazobactam, and aztreonam, and
some can inactivate carbapenems.>® We found few descriptions of MGEs associated with
these carbapenemase genes in South America; in Ecuador, the blaoxa-s -Like was related
to Tn1999 like to previously,®” however, in Brazil blaoxa-s47, a variant of blaoxa-ss, showed

association with truncated Tn3 and Tn4 transposons.

Conclusions

Current evidence enhances the importance of MGE for carbapenemase gene dissemination.
Except for Argentina, Brazil, and Colombia, the reports of MGEs are scarce in other South
American countries. The blakec and blanpm are the most prevalent carbapenemase genes
reported in Enterobacteriaceales species are associated with Tn4401/NTE and
ISAbal25/Tn125 respectively while blavim and blaivp carbapenemase genes are related to
class 1 integrons. The location of transposons or integrons in different plasmid
incompatibility groups and bacterial clones denotes their capacity in transferability and
mobilization. It is possible that intercontinental dissemination of CRE clones was followed
by HGT of plasmids carrying carbapenem resistance genes to local bacteria. Any control
measure intended to control antibiotic resistance genes dissemination requires the
identification of the potential sources of these genes which nowadays is carried out by DNA
polymorphisms, unfortunately, carbapenem resistance genes have very little
polymorphisms. We argue that the study of MGEs associated with these genes could

provide very valuable epidemiological information to detect the potential sources.
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Table 1.

Summary of mobile genetic elements reported in carbapenemase-producing Enterobacteriaceae in South America
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Abstract

Carbapenemase—producing Klebsiella pneumoniae strains (Cp-Kpn) represent a
challenge for clinical practitioners due to their increasing prevalence in hospital settings and
antibiotic resistance. Clinical practitioners are often overwhelmed by the extensive list of
publications regarding Cp-Kpn infections, treatment, characteristics, identification, and
diagnosis. In this perspective article, we provide key points for clinical practitioners to
consider for improved patient management including identification of risk factors and
strategies for treatment. Additionally, we also discuss genetic underpinnings of antibiotic
resistance, implementation of an antimicrobial stewardship program (ASP), and use of
automated systems for detection of Cp-Kpn. Collectively, implementation of such key
points would enhance clinical practices through providing practical knowledge to health

professionals worldwide.

Key Words: Carbapenemase—producing Klebsiella pneumonia; Clinical

practitioners, management
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Introduction

K. pneumoniae, described by Edwin Klebs in 1875, is a gram-negative bacterium
belonging to the Enterobacteriaceae family. This microorganism is part of the healthy
microbiome of individuals and colonizes many parts of the body. Despite its role as a
healthy component of the microbiome, it can cause severe infections in critically ill patients,
newborns, immunocompromised individuals or those with other risk factors in healthcare
establishments. Antibiotics such carbapenems are widely used to treat infections, especially
those caused by Enterobacteriaceae, a producer of extended-spectrum p-lactamase (ESBL);
however, the use or misuse of such antibiotics has contributed to the appearance of isolates
resistant to carbapenems 1.
Carbapanem-resistant K. pneumoniae (Cr-KPN) is a pathogen that affects people
worldwide, with prevalence in low, middle and upper income countries. Resistance to
carbapenem is mediated by two primary mechanisms. First, Cr-KPN is able to produce -
lactamases with the ability to hydrolyze cephalosporins such AmpC cephalosporinase e.g.
DHA-1 and CMY-2 or ESBL e.g CTX-M-2 in combination with decreased membrane
permeability in the cell wall 23, The second mechanism is mediated by the production of a
B-lactamases capable of hydrolyzing most B-lactams antibiotics including carbapenems.
According the Ambler classification it belongs to class A (K. pneumoniae carbapenemase,
KPC), class B or metallo-B-lactamases (MBL) (New Delhi metallo-p-lactamases, NDM)
and class D (OXA-48-like carbapenemases) . The NDM carbapenemase was reported from
K. pneumoniae and Escherichia coli in 2009, similar to other member of MBL it requires
of zinc for hydrolysis of B-lactam antibiotics and their activity could be inhibited by
ethylenediaminetetraacetic acid (EDTA) as chelating agent. ®° KPC—producer K.
pneumoniae (KPC-Kp) is a pathogen with a high capacity for clonal expansion and

exchange of mobile genetic elements (MGESs) promoting increased resistance. KPC-Kp
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among their capacities to generate resistance can also persist in human reservoirs and create
biofilms, which provide protection from hospital disinfection protocols ®.

Since the first report of KPN-Kp in the United States in 1996 7, its presence has been
evidenced in many other countries including China, Italy, 8, Brasil, Venezuela, Colombia,
Ecuador and Argentina °. In these countries, KPC-Kp infections have contributed to an
increased mortality and substantial costs for health care systems. Detection of KPC-Kp is
carried out in clinical microbiology laboratories (CMLs) and is the first step in that
physicians take when determining a therapeutic strategy (dose and time of administration)
involving active antibiotics; however, accurate and consistent interpretation of CML reports
is a long-standing problem across health care systems, particularly in low- and middle-
income countries. Clinical practitioners without appropriate training or CMLs removed
from medical facilities contributed to the erroneous therapeutic decision-making that
facilitates the spread of antibiotic resistance, which ultimately results in adverse outcomes
for patients.

The vast existing literature detailing KPC-Kp, its pathogenicity, mechanisms of antibiotic
resistance and assays used for its detection in CMLs has not been clearly outlined for
physicians in clinical practice. The aim of this perspective article is to provide key points
of information for students and clinical practitioners (non-laboratory related) about
infections characteristics and CML reports regarding KPC-Kp. By increasing practitioners’
understanding and interpretation of CML reports and clinical facilities, such clear,
evidence-based information will enhance therapeutic strategies and patient outcomes.
Risk factors and strategies for treating Carbapenemase-producing Klebsiella
pneumoniae (Cp-Kpn) infections

Nosocomial dissemination of Cp-Kpn results primarily from failure to properly disinfect

surfaces and medical equipment. Environments routinely exposed to water and humidity,
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such as drains, sinks, faucets, and other locations where liquids are dispensed, are places
were pathogens like Cp-Kpn can survive and disseminate, thus increasing the risk of
bacterial outbreaks %!, Medical equipment and devices are also common vectors of Cp-
Kpn in hospitals 2. It has been reported that Cp-Kpn can colonize medical equipment such
as duodenoscopes and be transmitted to other patients 3. Healthcare professionals’
uniforms and protective clothing such as gown and gloves can also become contaminated
with Cp-Kpn after patient examination if not properly used or discarded . The
reinforcement of hygiene protocols in healthcare facilities appears to be the most important
measure for preventing outbreaks as no direct associations have been found between
prevalence of Cp-Kpn outbreaks and differences in institutional infrastructure in low versus
high-income countries 8.

In recent years, reports of Cp-Kpn outbreaks, particularly KPC-Kp, have increased
worldwide due to the lack of appropriate medical intervention, prolongated hospitalization,
presence of comorbidities, and overuse of antibiotics, among other factors °. Healthcare-
acquired infections are a common and major concern across hospital settings in Greece, the
USA, Israel, Spain, China, Colombia, Brazil, and Italy (Xu et al., 2017). Mortality rates
among patients infected by Cp-Kpn is approximately 40-50% °®. Prior use of
fluoroquinolones, carbapenems or cephalosporins antibiotics, long-term intensive care,
chronic renal failure, high APACHE I11 score and, more recently, the emergency of Cp-
Kpn colistin-resistant isolates have all been found to contribute to poor patient outcomes 1/~
19_

The Centers for Disease Control and Prevention (CDC) has released guidelines for
controlling the spread of carbapenem-resistant Enterobacteriaceae in healthcare facilities
based on the following key points: 1) education and training for healthcare professionals

and supportive personnel to reinforce protocols of hand hygiene, 2) patient contact
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precautions, 3) minimal use of invasive devices, and 4) environmental cleaning. Active
surveillance and continuous testing for quality hospital standards are recommended. Early
laboratory identification and notification of bacteria strains is also emphasized as key for
prescription and timely antibiotic therapy. Additionally, the implementation of an
antimicrobial stewardship program is suggested as this will provide support in the fast
identification of colonization or infected status of a patient 2°. In support of this evidence,
empirical treatment based on risk factors and prompt decision-making has been shown to
help reduce mortality related to Cp-Kpn infections in healthcare institutions 2?2, Direct
communication between CMLs and clinicians facilitates rapid diagnosis in these settings,
which leads to faster adoption of targeted therapeutic strategies and effective combination
of antibiotics, ultimately improving patient outcomes, especially among critically ill
patients 23,

Antibiotic resistance and genetic basis of blakrc

The antibiotics imipenem, meropenem, ertapenem, and doripenem are members of the -
lactam family, and most frequently used to treat Enterobacteriaceae infections, especially
in ESBLs-producing strains. The efficacy of these antibiotics comes from their possession
of a reactive B-ring, similar to that of penicillin, cephalosporin and monobactam. Their trans
configuration at the C-5--C-6 bond gives these antibiotics increased potency and the
capability to inhibit cell wall synthesis by preventing cross-linking of peptidoglycan and
transpeptidases. 2*

The mechanisms of carbapenem resistance in K. pneumoniae and other Enterobacteriaceae
strains depend on B-lactamases production, such as ESBLs. ESBLSs are encoded in plasmids
or by hyperproduction of chromosomally-encoded AmpC cephalosporinases (AmpC)
together with the presence of porin alterations in the bacterial wall delaying the diffusion of

antibiotics into the bacterial cell; however, the production of enzymes with carbapenemase
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activity hydrolyzing B-lactam antibiotics seems the most common mechanism of antibiotic
resistance 2. For example, the enzymes KPC, BKC and SME carbapenemase, which all fall
under the category of Class A B-lactamases, contain serine residues in their active site that
hydrolyze p-lactam antibiotics 2628, The presence of KPC carbapenemase in K. pneumoniae
and different Enterobacteriaceae species isolates, depends, in part, upon whether or not it
is located on a mobile genetic element (MGE), such as conjugative plasmids e.g. IncFll,
IncL/M, IncA/C %, and its proximity to Tn4401 transposons ** or non-Tn4401 elements
(NTE-KPC) 3L, The presence of plasmid-self transmitting pKpQIL (group incFlI plasmid)
harboring blakec in K. pneumoniae complex clonal (CC)258 (an international clone), has
been reported to increase bacterial fitness by providing an advantage over isolates harboring
different plasmids. Targeting sources of resistance like those found in pKpQIL would
decrease the likelihood of bacterial dissemination in nosocomial settings .

The role of clinical microbiology in antimicrobial stewardship programs (ASPS) in
order to effectively control KPC-Kp

As previously described, the spread of KPC-Kp is an important concern across health care
systems in both developed and emerging countries *. Implementation of hospital-based
ASPs that emphasize the optimization of antibiotic use for controlling multidrug resistant
bacteria (MDR) infections and preventing new resistance are needed in order to address
increasing bacterial resistance in hospital settings. An ASP program should promote
effective antibiotic treatment that avoids use of unnecessary antibiotics, basing its practice
on de-escalation therapy and evidence-based guidelines to overcome empirical therapeutic
errors and adverse events (Clostridium difficile infections) . To optimize the benefits of
an ASP in a hospital setting, active participation of clinical microbiologists is a necessary
component of multidisciplinary teams of health professionals. Close collaboration between

clinical microbiologists, ID physicians, and clinical practitioners would facilitate the
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exchange of information, recognition of unusual mechanisms of resistance in pathogens,
the application of accurate antimicrobial testing assays, swift communication, and early
therapeutic intervention 2,

In CML the phenotypic tests to detect carbapenemase production in Enterobacteriaceae are
widely used specially in low incoming countries, in some cases the reagents availability and
low costs are the main factors implicated in their use. Thus, in isolates with carbapenemase
production suspected the use of tests based in inhibitors such boronic acid compounds or
EDTA to detect KPC or MBL carbapenemases respectively has become widespread in these
laboratories 3. Recently, the modified carbapenem inactivation method (mCIM) has
replaced to modified Hodge test (MHT) in CML due its greater capacity to detect the
carbapenemase activity in isolates carbapenem resistant, is easy to perform and their low
costs. The use of colorimetric assays such Carba NP or related is a common practice to
detect carbapenemases from isolates or blood culture bottles, however, the costs could be a
limitation for routine use®. In the practice, the phenotypic tests are recommended only for
epidemiological or infection control, however the misinterpretation of the results and time
of effort without a congruent diagnose (strain identification, resistance and state of patient)
could interfere with therapeutic decision-making.

New laboratory tests have been reported to provide information about the detection and
analysis specially of KPC carbapenemases production, changing the ways in which
hospitals prevent the spread of pathogens. Control of Cp-Kpn infections inside the hospital
and communication about their management, particularly in the spread of KPC-Kp, pose a
challenge in part because laboratory reports are not easily understood by infectious disease

(ID) physicians and clinical practitioners .
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The use of automated systems for detection of KPC carbapenemase

In CMLs, antibiotic susceptibility testing (AST) can be performed by using a broth dilution
test (BD), antimicrobial gradient method (AG), or disk diffusion test (DD), which
determines Minimum Inhibitory Concentration (MIC) values through of BD and AG
methodologies *. Protocols for interpreting these tests are based upon breakpoints
recommended by the Clinical and Laboratory Standards Institute (CLSI) or the
European Committee on Antimicrobial Susceptibility Testing (EUCAST). This breakpoint
allows for greater detection of the number of carbapenemase -producer Enterobacteriaceae
isolates; however, some of these strains could be classified as carbapenem sensitive,
especially if using Meropenem. The level of MIC may depend upon its association with
different mechanisms (e.g. other p-lactamases enzymes or the presence of porins) . For
this reason, MIC determination must be fast, accurate, and show the full range of MIC
values for any antibiotic, especially before the administration of treatment. The Food and
Drug Administration (FDA) of the United States has approved several AST automated
assays, and they are currently being employed in several reference CMLs. Automation of
AST has brought several advantages, including rapid generation of susceptibility test results
(3.5-16 h), fewer sample manipulations, and increased accuracy in species identification
and of results overall. *.

Each automatized assay has advantages and disadvantages in the determination and
interpretation of MIC values, and shortcomings must be managed carefully when detecting
and reporting the mechanisms of antibiotic resistance. The Vitek 2 system, produced by
bioMérieux, analyzes several microliters of a given antibiotic after it has been poured into
plastic cards. Assays are monitored for turbidity and subsequently interpreted by an
Advanced Expert System (AES). Another automatized assay, the Phoenix system (BD

Diagnostic Systems) utilizes the BDXpert system, a rule-based software that is capable of
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interpreting and give recommendations related to the organism identified by broth
microdilution results based in CLIS and EUCAST documents reports. In addition, the assay
system includes EpiCenter software, which conducts epidemiological analyses for
monitoring multidrug resistant bacteria in hospital settings “°. The MicroScan assay
(Beckman Coulter) is powered by LabPro AlertEX System software and detects atypical
results in panels. The Sensititre (Thermo Scientific™) consists of plates with antibiotic
dilutions powered by the ARIS™ 2X System and provides automatic, non-extrapolated
reads of the MIC values, simultaneously reducing the workload for lab technicians and
improving the accuracy of results. Despite each method’s unique advantages, utilizing
different automated platforms for detecting carbapenem resistance in K. pneumoniae
harboring blakpc can lead to discrepancies across studies, which results in frequent
reporting of very major errors (VME). VME of true-resistant isolates has led to cases of
failure in antibiotic therapy. For example, Tenover F. et al. showed discrepant results for
imipenem and meropenem determination in 15 blakPC-positive K. pneumonia. After being
characterized by isoelectric focusing, all strains were found to be resistant or intermediate
to imipenem and meropenem using broth microdilution (BMD) as a gold standard. VME
were observed in imipenem determinations, MicroScan: 1 (6.7%) Phoenix: 2 (13.3%),
Vitek: 10 (67%), Vitek2: 5 (33%) isolates. Sensititre showed 13 (87%) strains sensitive to
imipenem, and 12 (80%) to meropenem 1. Bratu et al. showed similar results of VME when
testing resistance to imipenem in blakpc-positive Klebsiella pneumonia after conducting
analyses using the Vitek system (1 isolate) and MicroScan (2 isolates) 2.

To reduce VME, breakpoint updates for carbapenem and other antibiotics were established
in 2010 by the CLSI. This modification decreased the occurrence of errors, and several
studies have reported a subsequent increase in specificity. Doern et al. showed that the

updated CLSI breakpoints resulted in better detection of KPC-producing K. pneumoniae
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and KPC-producing non-K. pneumoniae *®. Their results were corroborated by Woodford
et al. in their study assessing three commercial systems to detect carbapenem resistant
isolates, which showed that the sensitivity and specificity values for the presence of
carbapenemase were 100%/0% to BD Phoenix, 82 to 85%/6 to 19% in MicroScan, and
74%/38% to Vitek 2. No VMEs were reported in KPC-producing Enterobacteriaceae .
Pasteran et al, proposed the importance of simultaneously testing two or more carbapenems
(impenem and meropenem) in Vitek 2 systems in order to enhance the detection of
carbapenemase production in Enterobacteriaceae, including those KPC-producing strains
45_

Phenotypic tests for the detection of AmpC inhibition would result helpful in the distinction
of AmpC B-lactamases from ESBL and Metallo-p-lactamases (MBL). Tests like the AmpC
disk, Gots (Modified Hodge Test, MHT) and three-dimentional test allow its detection when
no molecular analysis are available. Important to point out, MHT can provide false negative
information about AmpC and EMBL active bacteria being positive for the AmpC Disk
Test. The Disk Test would be helping to permeabilize gram-negative cells B-lactamases
release. AmpC B-lactamases and MBL can be detected by multiplex AmpC PCR with high
consistency 647,

During CML analysis, AST can present several challenges that should be carefully
considered as they have the potential to influence results. The inoculum effect, the algorithm
used to detect carbapenem resistance, and the type of card used to identify the resistance
can influence MIC determination “8. For example, in clinical practice, the fixed and specific
range of antibiotic dilutions incorporated in different panels in the automatized assays make
it difficult to know whether the MIC values of meropenem or imipenem are out of range;
however, customizing cards by incorporating specific antibiotics and their dilution

concentrations has enabled microbiologists to overcome this problem. The resulting MIC
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values are very important in decision-making regarding therapeutic management of
infections by KPC-Kp. This topic has been highlighted by Tumbarello, who showed a low
mortality rate in bloodstream infections using meropenem in antibiotic schemes, especially
in strains with < 8 mg/L'% In their study, Del Bono et al. used the values of
pharmacokinetic/pharmacodynamic (PK/PD) targets of meropenem (MEM). These values
were not reached in critically-ill patients with bloodstream infections (BSI) due to isolates
of KPC-Kp with MEM minimum inhibitory concentrations (MICs) >16 mg/L .
Additionally, a practical alternative for improving the identification of KPC-Kp could be to
perform gradient diffusion methods or customized cards. In summary, the clinical
practitioner must know and understand the presence of the VME issues specific to each
automatized assay used in the CML, the necessity of testing two or more carbapenems in
order to detect resistance, how to interpret the MIC, and how to make appropriate decisions
regarding the therapeutic strategy.

Molecular methods and the detection of KPC carbapenemase for therapeutic decision-
making

In ASP, quick generation of an AST report is crucial for accurately prescribing antibiotic
therapy, especially for patients with sepsis. Despite the advances of automation in CML
analysis, DD, BD and AG testing methods all require considerable time (24- 48 hours) to
yield results. Performing such assays requires a pure culture of a given pathogen and time
to grow and estimate their susceptibility. Several new technologies that draw upon
molecular methodologies have been introduced in CMLs in order to overcome the
challenges related to time-intensive testing. For example, the molecular antibiogram (MA)
is an alternative tool that detects resistance mechanisms clinically relevant to predicting
clinical resistance by hydrolysis of antibiotics *°. Several panel-based molecular diagnoses

for MA, approved by the FDA, detect pathogens from samples such as blood culture bottles,
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respiratory secretions, stool, and cerebrospinal fluid. In cases of sepsis, the FilmArray
Blood Culture Identification (BCID) panel (BioFire Diagnostics, LLC) and Verigene Gram-
positive blood culture (BC-GP) and Gram-negative blood culture (BC-GN) tests (Luminex
Corporation) can identify a wide range of pathogens and include the detection of mecA,
VanA, VanB, blakpc, blanowm, blaoxa, blaive and blactx-m genes, all related to MRS, directly
from blood-cultured bottles 2.

Several published studies showed clinical and therapeutic advantages for the use of MA in
the identification of pathogens and the presence of the most common resistance genes. MA
testing panels for Gram-positive and Gram-negative bacteria provide fast CML reports,
helping physicians to effectively elect courses of treatment. Nevertheless, increasing the
quantity of studies regarding the MA testing panels for KPC-Kp is important for continuing
its application in multiple clinical settings. Despite its costliness, the application of MA has
been found to decrease mortality rates, the time to de-escalation of antibiotics, and
unnecessary antibiotic initiation. ASP has been shown to decrease 1) infections by resistant
organisms such as vancomycin resistant enterococci (VRE), 2) patients length of stay
(LOS), and 3) costs related to health care 2°7. As with any other molecular test, the
potential for contamination of sample bottles by commensal bacteria could generate
uncertainty when clinicians make decisions regarding treatment. To apply MA testing, a
protocol with quality-control standards must be implemented for the handling of samples
and conducting procedures in order to detect the highest number of pathogens possible and
to rule out the possibility of contamination by previous Gram stains. Though ASP has been
shown to improve patient mortality rates in cases of sepsis related to KPC-Kp, more
evidence of its clinical and therapeutic impact is needed, particularly in hospital settings of

low and middle-income countries.
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The sensitivity and specificity of molecular assays for detecting blakec genes from blood
cultures are approximately 100% and 98%, respectively 3%, Hill et al. evaluated the
accuracy of Verigene in Gram-Negative Blood Culture (BC-GN) (Nanosphere, Inc.,
Northfield, IL) In 54 samples tested, 51 isolates resulted correctly identified and the overall
results showed that 31% of the patients could have been identified 33 hours sooner and thus
could have received earlier. 1. Neuner et al. included 877 patients, of which 6 patients were
identified as possessing the blaxrc gene by employing the Verigene assay. Overall, these
results show that the application of ASP combined with MA decreased the time of
antimicrobial switch, active therapy administration, and LOS 2,

Despite evidence of MA’s potential to improve clinical and therapeutic results in cases of
antibiotic resistant bacteria, MA diagnosis related to blakpc determination is not sufficient,
and important factors related to its limitations should be taken in consideration. Even if MA
could be applied in blood samples, MIC determination is also necessary in order to apply
an optimal antibiotic combination. The expression of blakec in K. pneumoniae is not
uniform and could stem from DNA regulatory changes upstream of blakec gene, possibly
affecting the MIC values and therapeutic response 3. Colistin is recommended in
combination therapy in patients with KPC-Kp infection; however, this still represents a risk
for emerging KPC-Kp colistin resistance, as there is currently no molecular method
available to detect it.

Treatment

At the moment, there is no antibiotic scheme regarded as the “gold standard” for KPC-Kp
infections. The choice of treatment depends upon the site of serious infection, type of
carbapenemase, and the susceptibility profile of the isolate. In critically-ill patients, there is
evidence to suggest that combined therapy is preferable to monotherapy. Many reports,

including large retrospective cohort studies, have demonstrated that more treatment failures
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and higher mortality rates are associated with monotherapy antibiotic schemes consisting
of polymyxin (colistin), carbapenems, tigecycline and gentamicin. Receiving combinatory
therapies with at least two drugs with tested CML activity has shown greater effectiveness

in critically-ill patients. The association of meropenem with other antibiotics is important

and beneficial when the KPC-Kp isolate has a MIC of meropenem < 8mg/L %; however,

in B-lactam antibiotics, is important to maintain antibiotic exposure. Enhancement of
fT>MIC could be achieved using either continuous, total daily dose infused over a 24-hour
period or prolonged infusions 2.

Ceftazidime is a third generation cephalosporin that can be used in combination with
avibactam (f-lactamase inhibitor) if the organism is a KPC or OXA-48 producer. A second
antibiotic, such as carbapenem, can be added if both isolates have MICs near the
susceptibility breakpoint. Using this antibiotic combination could yield positive results and
should be considered when treating serious infections due to these pathogens %>-7; however,
resistance has emerged in KPC-3-producing K. pneumoniae, pointing to a failure in
combinatory treatment. In this case, a more exhaustive analysis should have been performed
during the course of treatment in order to rapidly respond and change the antibiotic
combination %8%° Recently, the combination of meropenem with vaborbactam (formerly
RPX7009), a novel cyclic boronic acid-based beta-lactamase inhibitor, was found to
potentiat the activity of meropenem. This combination may be more suitable for treating
severe drug resistant gram-negative infections as it shows higher rates of clinical
effectiveness. The body of evidence surrounding the combination of meropenem and
vaborbactam is still limited compared to ceftazidime-avibactam. Recently, other agents
(imipenem-relebactam, plazomicin, and cefiderocol) have begun to be evaluated in clinical
trials, and the results from these studies are expected to improve clinical response and its

application in ASP 7. Other potential active drugs for treating KPC-Kp include classic and
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new combinations of aminoglycosides, tigecycline, fosfomycin, and the Eravacycline, a
fully-synthetic fluorocycline antibiotic, which is used in complicated intra-abdominal
infections 72, Uncomplicated and complicated urinary tract infections caused by KPC-Kp
are frequently reported in hospital settings; however, there is no evidence about the best
antibiotic regimen for its treatment. It may be possible to include aminoglycoside alone or
to use on combination with fosfomycin or doxycycline, as it has shown promising results

for treating this type of infection 7.

Conclusion

This review provides relevant information for clinical practitioners about the state of the
literature on KPC-Kp and current diagnostic tests for its detection. We suggest that
healthcare professionals use the key points presented in this review in order to precisely
identify and treat KPC-Kp infections. Understanding the genetic underpinnings of antibiotic
resistance, its clinical manifestations, and standard diagnostic procedures in CMLs will
prevent outbreaks and provide healthcare practitioners and scientists with evidence for

understanding KPC-Kp dynamics and epidemiology.
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Abstract
Aim: To characterize the mobile genetic elements associated to blakpc-2 gene using PCR
and amplicon sequencing of 62 carbapenem resistant K. pneumoniae recovered during a 6-
month outbreak in a high complexity hospital from Ecuador.
Results: We found 45 isolates belonging to ST258, 8 to ST25, 6 to ST348, and 3 isolates
belonging to 3 different STs (ST42, ST196, and ST1748). In all isolates, the blakpc-2 was
associated with Tn4401a isoform. A total of 61 K. pneumoniae isolates harbored pKpQIL
plasmid except the ST1438 clone which had a plasmid with a IncM replicon. The DNA
sequences contiguous to Tn4401a::blakec2 (in pKpQIL) were identical in ST25, ST348,
ST42 and ST196, while all isolates belonging to ST258 presented a deletion in pKpQIL
region upstream Tn4401a::blakec-2.
Conclusions: This findings highlight the presence of pKpQIL::Tn4401a::blakec2 in a
potential clonal expansion of K. pneumoniae ST258 and ST25.
Keywords: Klebsiella pneumoniae carbapenemase, plasmid, clone.
Running title: blakec-> - harboring Klebsiella pneumoniae isolates and mobile genetic

elements from Hospital outbreaks.
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Introduction

Since the first description of Klebsiella pneumoniae carbapenemase (KPC-1) in 2001 in the
United States, 39 types of KPC enzymes linked to more than 100 different sequence types
(STs) of K. pneumoniae have been reported;? the most outstanding is the ST258, a high risk
international clone reported around of the world causing outbreaks in hospitals.® The blakpc
gene is associated with Tn4401 and non-Tn4401 transposable elements (NTE) which have
moved into different plasmid replicons.* However, the blakec-harboring pKpQIL is a self-
conjugative IncFIIK2 plasmid most frequently reported in K. pneumoniae strains in
different countries.®

There have been reports of bloodstream infections (BSI) and non-BSI community-
acquired infections caused by hypervirulent, hypermucoviscous, clones (hv) of K.
pneumoniae.® In these strains the capsule is the main virulence factor, specially pathogens
with capsular serotypes K1 and K2; the presence of carbapenem resistance in these hv K.
pneumoniae serotypes is an increasing public health problem. ”8 In Ecuador there have been
reports of high risk (ST258) and hv (ST25) clones in hospital outbreaks.® Here we describe
two outbreaks caused by K. pneumoniae ST258 and ST25 in a high complexity hospital in
Quito, from July to December 2014. We also characterized the mobile genetic elements
associated with the blakrc genes.

Material and methods

Sampling

In 2014 from July to December, an outbreak caused by carbapenem-resistant K.
pneumoniae (CrkKPN) was detected in a high complexity hospital from Quito, Ecuador. We
collected 62 isolates from different clinical samples, one isolate per each hospitalized

patient in intensive care unit (ICU), internal medicine, neurosurgery, pneumology,
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neurology and burn unit departments. All isolates were submitted to the National reference
laboratory of the National institute of health “Leopoldo Izquieta Pérez”, Quito for molecular
testing. Clinical records were used to obtain clinical and demographic data.

Identification, susceptibility test and assays for carbapenemase-activity detection
Bacterial identification and antimicrobial susceptibility testing were performed using the
Vitek 2 system, CARD GN AST272. Minimum inhibitory concentrations values were
interpreted according to the Clinical and Laboratory Standards Institute (CLSI) guidelines.°
The modified carbapenem inactivation method (mCIM) was performed to evaluate the
carbapenemase activity in all isolates.°

Molecular assays

DNA was released by boiling method in all CrkKPN isolates and used in PCR amplification
of blakpc, blanom and blaoxa-as —like.!! The blaxec alleles were identified by PCR and
Sanger sequencing (Macrogen, Korea) using primers reported previously 12
(Supplementary Table S1) and analyzed using Mega7 software against the Beta-
Lactamase DataBase (BLDB) http://www.bldb.eu/.?

Molecular typing was performed amplifying the pilv-I gene to distinguish the ST258 clones
13 (Supplementary Table S1). Isolates pilv-I negative were typed by multi-locus sequencing

typing (MLST) (https://bigsdb.pasteur.fr/klebsiella/klebsiella.html). Their phylogenic

relations were performed using Phlyloviz software (http://www.phyloviz.net/).

To confirm the genetic environment of blakec genes, a previously described, PCR-based
approach was followed.'* PCR products obtained using primers D (Fig. 1) were sequenced
(Macrogen, Korea) to determine Tn4401 isoform. Detection of pKpQIL-like IncFIIK2
plasmids was carried out by amplification of 4 pKpQIL- like backbone target regions as
described.® In isolates where no amplification was obtained, a set of primers was designed,

based on plasmid pKpQIL-234 sequence (accession number KJ146689), using Primer-Blast


http://www.bldb.eu/
https://bigsdb.pasteur.fr/klebsiella/klebsiella.html
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software  (National Center for Biotechnology Information, available at
https://www.nchi.nlm.nih.gov/tools/primer-blast/).> (Supplementary Table S1).

For conjugation experiments, we selected one isolate from each non-ST258 isolates and 20
ST258 isolates to be used as donors; azide-resistant Escherichia coli J53 strain was used
as recipient, the isolates were grown overnight in tryptic soy broth (TSB) at 37 <C. One mL
of donor culture and 1mL of receipt culture (10° CFUs) were added to 2 mL of TSB and
incubated overnight at 37<C. The selection of transconjugants was carried out in
MacConkey agar supplemented with sodium azide (50 mg/l) and different concentrations
of meropenem (0.5 - 0.06 mg/1).1> The presence of blaxec in transconjugant was confirmed
by PCR and replicons were characterized using the “PBTR 2.0 kit” (Diatheva, Fano, Italy)
following the manufacturer's protocols.

All hv suspected clones were subjected to a PCR in order to amplify specific regions coding

for K1, K2 and K5 capsular polysaccharides (cps).*®

Results

All 62 carbapenem-resistant K. pneumoniae were positive for blakec2 gene; isolates
recovered from July to December 2014 (n=45) were ST258 (pilv-1-positive) and the
distribution was: 23 from ICU, 9 from neurosurgery, 7 form the burn unit, 3 from internal
medicine, 2 from pneumology and 1 from neurology. Eight isolates recovered in July and
September 2014 were ST25 serotype K2 and the distribution was 5 from ICU, 2 from
neurosurgery and 1 from the burn unit. Six isolates obtained from October to December
were ST348 and the distribution was: 3 from ICU, 1 from neurology and 2 from the burn
unit. The remaining 3 isolates belonged to ST196, ST42 and ST1758 and were recovered
from patients in internal medicine (Fig. 2 and supplementary Table S2). The most common

infections were pneumonia (n=31), skin and soft tissue (n=18), urinary tract (n=7), BSI (5)
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and catheter-related bloodstream infection (n=1). In ICU both ST258 and ST25 were related
to BSI and pneumonia cases, while ST348 was only related to pneumonia. Table 1 and
supplementary Table S2.

The antimicrobial susceptibility test showed that three CrKPN isolates ST25 were also
resistant to tigecycline and three ST258 were colistin resistant (non-wild type) both
phenotypes recovered from ICU. Additionally, all ST258 isolates were resistant to
amikacin. (Supplementary Table S2).

A total of 20 conjugation assays were performed using different antibiotic concentrations
for transconjugant selection, however we were successful only when using non-ST258 K.
pneumoniae strains as donors. IncFIl plasmids were identified in transconjugants derived
from ST25, ST348, ST42, and ST196 donor isolates; IncM plasmid was obtained in ST1758
-transconjugants.

The plasmid regions amplified in strains of K. pneumoniae belonging to ST25, ST348,
ST42, and ST 196 were identical to pKpQIL-243 plasmid (accession number KJ146689).
However, in all strains belonging to ST258 we found a deletion of ~1000pb region upstream
of the Tn4401 which corresponded to a transposase gene and surrounding DNA regions,
this deletion has not been described previously. Both, ST258 and non-ST258 strains
harbored the blakrc-2 gene located in the Tn4401a isoform. (Fig. 1).

Discussion

Our results indicate that all epidemiologically related K. pneumoniae isolates harbored the
blakpc-2 gene carried in similar mobile genetic elements (Tn4401a and plasmid pKpQIL-
like). The fact that most of them (n=54) belonged to two sequence types (ST258, n=45 and
ST25, n=8) may indicate the existence of two K. pneumoniae outbreaks in this hospital: one
caused by ST25 from July to September and the other by ST258 from July to December,

especially in ICU and neurosurgery.
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KPC-producing K. pneumoniae ST258 and ST25 are common in hospitals in Ecuador® and
other Latin-American countries.}”'® With respect to ST258, a recent study showed that the
high transmissibility of carbapenem non-susceptible K. pneumoniae in Europe is associated
with intra- and inter-hospital dissemination driven by the spread of four main clonal
carbapenemase-positive lineages, one of them the ST258 and derivatives.’® Reports
suggests that ST258 strains can colonize gowns and gloves of health care workers causing
health care-associated infections.?°

All KPC-2-producing K. pneumoniae ST25 found in this study were serotyped as K2 and
all were recovered from blood and tracheal samples. The capsule is a main virulence factor,
producing a mucoviscous exopolysaccharide?! and a lower induction of reactive oxygen
species in neutrophils 2223 To date, 78 serotypes has been reported, of which serotypes K1,
K2, K16, K20, K54, K57, and KN1 are considered the most virulent.” However, serotypes
K1 and K2 are the most common pathogens recovered from human infections. 24252 It has
been reported that K. pneumoniae ST23 and ST57 were associated with serotype K1 and
ST14, ST25, ST65, ST86, ST375 and ST380 were associated with serotype K2.272
Additionally, ST25 was related to production of KPC enzymes in Argentina, Brazil and
Ecuador.>!’ To the best of our knowledge, this is the first description of blakpc-2- harboring
pKpQIL in hypervirulent K. pneumoniae ST25 causing BSI and pneumonia as part of a
hospital outbreak.

Albeit IncFIl is a narrow host range plasmid family, it is also one of the most successful
plasmids in Enterobacteriaceae, improving the bacterial fitness, carrying antibiotic
resistance, and virulence genes.?® These plasmids are able to overcome plasmid
incompatibility by having multi-replicons.® The pKpQIL is a IncFIIK2 plasmid widely
disseminated in ST258 clones, which originally carried blakec-3 gene,®3? later on replaced

by blakpc2 in ST258 and non-ST258 isolates. To date, it is estimated that ~90% K.
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pneumoniae clones harbor pKpQIL carrying blakec2 gene worldwide.®® The presence of
pKpQIL has been associated with K. pneumoniae dissemination success in hospital
settings®3* and also biofilm formation. Interestingly, all ST258 isolates reported here show
a deleted region upstream of Tn4401a, which has not been described previously and it could
further support the notion of clonal dissemination of ST258 in this outbreak. This PCR-
based algorithm to determine most prevalent MGEs could be useful to investigate the
relationship of isolates causing outbreaks in hospitals. Unfortunately, we were not able to
obtain all the clinical information of patients infected with CrkKPNs.
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Figure 1. Genetic environment of blakpc-2 and their relationship with IncFllk2 backbone
genes.

Tn4401a
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A. Genetic environment of blakec2 gene in K. pneumoniae ST25, ST42, ST348 and ST196, the
genetic structure was like to plasmid pKpQIL-234 (accession number KJ146689). B. Genetic
environment of blakpc.2 gene in K. pneumoniae ST258, there is a deletion of ~1000pb region
upstream of the Tn4401a::blakpc-2 insertion.

Figure 2.- Distribution of KPC-2-producing K. pneumoniae STs in different hospital

locations between July to December.

Location September| October |November| December
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5T348
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nterna sT42
Medicine ST1758

ST: Sequence type MIC: Minimum inhibitory concentration, N/D= Non-determined,
KPC= Klebsiella pneumoniae carbapenemase, PBRT= PCR-Based Replicon Typing,
MER: Meropenem and IMI: Imipenem

Neurology




Table 1.- Main characteristics from different blakpc-2 gene -harboring K. pneumoniae sequence type isolates.

ST | Total MIC (pg/mL) KPC | Transposon IncFllkz Relation of Capsular Transconjugants Specimen
type Tn4401a::blakpc-2 serotype PBRT
with IncFllkz
MER IMI RepA RepFI1B Upstream Downstream
258 45 >4 >4 2 Tn4401a Positive Positive Deletion Positive N/D N/D Blood, central venous catheter, tracheal
aspirate, sputum, urine and wound
25 8 >4 >4 2 Tn4401a Positive Positive Positive Positive K2 IncFII Blood, tracheal aspirate and wound
348 6 >4 >4 2 Tn4401a Positive Positive Positive Positive N/D IncFlII Tracheal aspirate and wound
42 1 >4 >4 2 Tn4401a Positive Positive Positive Positive N/D IncFII Wound
196 1 >4 >4 2 Tn4401a Positive Positive Positive Positive N/D IncFlII Urine
175 1 >4 >4 2 Tn4401a Negative | Negative Negative Negative N/D IncM Wound
8

ST: Sequence type MIC: Minimum inhibitory concentration, N/D= Non-determined, KPC=

Typing, MER: Meropenem and IMI: Imipenem
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Klebsiella pneumoniae carbapenemase, PBRT= PCR-Based Replicon
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CAPITULO IV

First report of a clinical isolate of blaoxa-4s- carbapenemase producing Raoultella

ornithinolytica in South America
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Raoultella spp., a bacterium named after Didier Raoult, is a Gram-negative belonging to
the Enterobacteriaceae family. There have been described 4 species: R. planticola, R.
ornithinolytica, R. terrigena, and R. electrica, all species are inhabitants of soil and plants.
Recently, R. planticola and R. ornithinolytica have been associated with human
infections and resistance to different antibiotics including carbapenems (1). In this report,
we describe an infection caused by blaoxa-4s producing R. ornithinolytica. A 64-year-old
male patient was admitted into a 700- bed hospital in Quito, in order to restore intestinal
transit after ileocecal resection. Two days after admission the patient presented sepsis
characterized by hypotension, fever, and leukocytosis. The patient was directed to
intensive care unit where he was treated with Ampicillin/sulbactam for 10 days,
subsequent blood cultures were negative however E. coli was recovered from tracheal
aspirate. The patient was submitted to the surgical department to continue treatment and
10 days late he presented a surgical site infection, R. planticola (resistant to imipenem
and piperacillin/tazobactam but susceptible to third generation cephalosporins and
ciprofloxacin) was isolated and detected using a Vitek® compact 2 system (Biomeriux,
France), CARD AST 272 (Table 1). The patient was treated with ciprofloxacin 500mg
I.v. g12h and recovered satisfactorily.

Isolate analysis using DNA sequences of rpoB and 16S rRNA genes and MALDI-TOF
Vitek MS system, (bioMérieux) indicated that the isolate was R. ornithinolytica (99.9%
identification score). The RAPIDEC CARBA NP® (bioMérieux) assay was positive and

polymerase chain reaction (PCR) amplifying the blaoxa-4s associated with Tn1999 was
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performed (2). The amplicon was cleaned, using Wizard ® SV gel, and sequenced in
Macrogen (South Korea); nucleotide sequences showed the presence of blaoxa-4s gene
(accession no: MH507508) and Tn1999 (accession no: MK359485). The amplicon
showed 99% nucleotide identity to a Tn1999 harboring blaoxa-4s previously described in
Klebsiella pneumoniae (accession no: JN626286). We were unable to determine the
plasmid incompatibility group (conjugation using E. coli J53 as the recipient was
unsuccessful), nor could we establish whether the patient was colonized by R.
ornithinolytica before the surgery. To the best of our knowledge, this is the first
description of a clinical isolate of R. ornithinolytica harboring blaoxa-4s in Ecuador and
possibly in South America. Nevertheless, blaoxa-ss genes in Enterobacteriaceae have
been described in Latin American and Caribbean countries (3). In Ecuador, a blaoxa.- 4s-
like gene was found previously in K. pneumoniae (accession number KY609322.1). The
blaoxa-4s-like gene has been found associated with 5 isoforms of Tn1999 in
Enterobacteriaceae (4); interestingly, an R. ornithinolytica strain containing blaoxa-4s
associated with Tn1999.2 was detected in Lebanon (5). The genetic closeness of
Raoultella spp. and Klebsiella spp., may lead to misidentification using biochemical
tests e.g., Vitek 2 system, the introduction of rpoB and 16S rRNA genes analysis and the
new technology based in MALDI-TOF MS allowed us a correct identification to species
level of Raoultella spp.. Thus, our results underline the accuracy of MALDI-TOF MS in
R. ornithinolytica identification. This report was approved by the institutional human

ethics committee Cod: 02-01-2018-003.
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Table 1. Antibiotic sensitivity tests, carbapenemase assays and carbapenemase gene

detection in an Ecuadorian Raoultella ornithinolytica isolate.

Rapidec
Minimum inhibitory concentration (ng/ml) using vitek 2 system CIM PCR and sequencing
CarbaNP
Amp/Sul  Pip/Taz Cfz Ctx Imi Mer Cip Ami Col  Positive  Positive carbapenemase MGE
>32 >128 <l <1 8 2 <0.25 <2 <05 blaoxa-as Tn1999
Amp/Sul: Ampicilin-sulbatam, Pip/Taz: Piperacilin-tazobactam, Cfz: Cefazidime, Ctx:
Cefotaxime, Imi: Imipenem, Mer: Meropenem, Cip: Ciprofloxacin, Ami: Amikacin, Col:
Colistin. CIM: Carbapenem inactivation method. MGE: Mobile genetic element. PCR:
polymerase chain reaction.
Supplementary Table S1. Primers used in this study.
Number Primer name Sequence Target Size bp Reference
or letter
. pliv-1 -F TGATGCTGATGGCAGACTGA - a0 | Adleret al.®
pliv-1-R TGTAGTCACACCCTGCCCA piiv-
) UNIKPC F ATGTCACTGTATCGCCGTCT bl 894 Schechner et
UNIKPCR TTACTGCCCCGTTGACGCCC arpe al.2
tnpRA-F TAGTCGTTGGTCGCATTCAG Gomez etal. 1
A npRAR ATAGCGGCTCAGCACGAAAG tnpR/tnpA(Tn3-group transposon) 1038
tnpAlstA-F2 GCGGTAAGAAGGAACTGAC . Gomez et al. 14
B tpAIStA-R2 | TCAGCAACGGGTTGTAGAAG tpAistA 1135
tnpAlstA-Fseq | GATGTTGACCCAGGAGCAAAC o Gomez et al. 14
c IStAB-Rseq | GAGTTTGAGTTGCTGGCACAG IStA/istB 1074
IstAB-Fseq CTGTGCCAGCAACTCAAACTC . u
b IstBKPC-Rseq | CAGTGACATCAACGATATTCC IstB/blaxec-2 1046 | Gomez et al.
E IstBKPC-F AAGCGAACCTGTTCTTTCAG istB/bl 1154 Gomez et al. 14
IStBKPC-R GCCAATCAACAAACTGCTG Iste/blaxec-2
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KPCtnpA-F ATACCACGTTCCGTCTGGAC Gomez et al. 14
F KPCtnpA-R | AGCTACAACGGGTACACAG blaec-2/tnpA, 1SKpn6 1141
G thpA-F GAACAGCCTCACTACGGAAT OA 1oga | Gomezetal.
pA-R GCTACCGCATCTATCTGAG np
3 FIIK-repA-F1 | CTTCACGTCCCGTTTTGATT InCEIl re0A dene s57 | Chenetal?
FIIK-repA-R1 | CGCTTCAGCGCTTCTTTATC PAg
K2-repB-F1 CCATTCCGATCCTTTTCTGA Chen etal 5
4 IncFIIK2 repFIB 395
K2-repB-R1L | AACGCTACTGTCCAGCCTGT neriie reprib gene
- 5
ot QIL-F1 ACAGGGAGTGCCAGGAAAG Junction between Trd401 tpR and | o Chenetal.
QIL-R1 TGTATTTGCATGGCGATGAG upstream IncFIIK2 backbone gene
QIL-F2 GCCTCAGATAGATGCGGTAGC Junction between Tna401 ISKpn6 Chen etal 5
QIL2 QIL-R2 AAGCTGGAGACATGGAATGG and downstream Gene 1831
QIL3 QIL-F3* TATTGCACAGCCTGACCGC Junction between Tn4401 tnpR and 1683 This study
QIL-R3* GCGCCTATCGCAAGGAGG upstream IncFI1K2 backbone gene
QL4 BBFK2 F* TCGGCTGCTCAGGCAAAC Hypothetical proteins backbone 1717 This study
BBFK2 R* CAGCGCCCGGAAAGATGATA Upstream of Tn4401
K1 MagAF1w GGTGCTCTTTACATCATTGC 1a0A gene logs | Turtonetal®
MagAR1L GCAATGGCCATTTGCGTTAG 978
Wazy-F1 GACCCGATATTCATACTTGACA Turton et al.’s
GAG
K2 Wzy-R1 CCTGAAGTAAAATCGTAAATAG K2 641
ATGGC
K5 K5wzxF360 | TGGTAGTGATGCTCGCGA . ogo | Turtonetall®
K5wzxR639 | CCTGAACCCACCCCAATC

*These primers were designed in this study.
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Month Number | Code Sample Location ST SAM | TzZP CAZ | CRO | FEP | ETP | IMI | MER | AMK |GEN | CIP | TGC | CST
1 14-0477 Wound ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 2
2 14-0491 Cenct;;:;/f;rous ICU ST258 >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 2
3 14-0508 Blood ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 2
4 14-0545 Tracheal aspirate IcU SsT258 | >=32 | >=128 16 >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
5 14-0481 Tracheal aspirate ICU ST25 | >=32 | >=128 | 16 | >=64 4 4 8 |>=16| 8 |>=16 2 2 <=0,5
JULY 6 14-0535 Tracheal aspirate ICU ST25 >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 | >=16 >=8 | <=0,5
7 14-0530 Blood ICU ST25 >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16| >=16 | >=64 | >=16 1 >=8 | <=0,5
8 14-0543 Wound ICU ST25 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16| >=16 | >=64 |>=16 1 >=8 | <=0,5
9 14-0478 Urine Neurosurgery | ST25 | >=32 | >=128 | 16 | >=64 4 4 8 |>=16| 8 [>16| 2 2 | <=05
10 14-0483 Tracheal aspirate | Neurosurgery | ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16| >=64 |>=16| >=4 2 | >=16
11 14-0498 Tracheal aspirate Neurosurgery | ST25 | >=32 | >=128 | 16 | >=64 4 4 8 |>=16| 8 |>16| 2 2 | <=05
12 14-0511 Sputum Neurosurgery | ST258 | >=32 | >=128 16 >=64 | >=64 | >=8 8 >=16 | >=64 |>=16| >=4 2 <=0,5
13 14-0509 Wound Burn Unit SsT258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 | >=16 | >=64 |>=16| >=4 2 <=0,5
14 14-0611 Wound Burn Unit ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
15 14-0633 Tissue Burn Unit SsT258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 | >=16 | >=64 |>=16| >=4 2 <=0,5
16 14-0634 Wound Burn Unit ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
AUGUST 17 14-0635 Wound Burn Unit ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 <=0,5
18 14-0591 Wound Burn Unit sT25 | >=32 | >=128 | 16 | >=64 4 4 8 |>16| 8 |>=16 2 2 <=0,5
19 14-0607 Wound ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 >=16 | >=64 |>=16| >=4 2 <=0,5
20 14-0629 Tracheal aspirate ICU SsT258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 8 | >=16 | >=64 |>=16| >=4 2 <=0,5
21 14-0619 Urine Neurosurgery | ST258 | >=32 | >=128 | 16 |>=64 | >=64 | >=8 | 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
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22 14-0646 Wound Neurosurgery | ST258 | >=32 | >=128 | 16 | >=64 | >=64 | >=8 | 8 |>=16| >=64 |>=16| >=4 2 <=0,5
23 14-0601 Tracheal aspirate Pneumology | ST258 | >=32 | >=128 | 16 |>=64 | >=64 | >=8 | 8 | >=16| >=64 | >=16| >=4 2 | <=05
Internal
24 | 40596 Urine Cedicine | sT106 | >=32 | >=128 | 16 | 16 4 | >=8 |>=16|>=16| <=2 |<=1| 1 1 | <=05
25 14-0651 Blood ICU ST258 | >=32 | >=128 16 >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
26 14-0653 Tracheal aspirate ICU sT258 | >=32 | >=128 16 | >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
27 14-0672 Tracheal aspirate ICU SsT258 | >=32 | >=128 16 >=64 | >=64 | >=8 8 |>=16 | >=64 |>=16| >=4 2 <=0,5
28 14-0751 Tracheal aspirate ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 | >=16 | >=4 2 | >=16
29 N i >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | >=16 | >=16 | >=64 |>=16| >=4 2 >=16
SEPTEMBER 14-0765 Tracheal aspirate ICU ST258
30 14-0670 Tracheal aspirate IcU ST25 | >=32 | >=128 | 16 |>=64 | 4 4 8 |>=16| 8 |>=16| 2 2 | <=05
31 14-0673 Tracheal aspirate | Neurosurgery | ST258 | >=32 | >=128 | 16 | >=64 | >=64 | >=8 | 8 | >=16| >=64 | >=16| >=4 2 | <=05
32 | 14-0705 Urine Neurosurgery | ST258 | >=32 | >=128 | 16 |>=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 | 2 | <=05
33 14-0772 Tracheal aspirate Neurosurgery | ST258 | >=32 | >=128 | 16 | >=64 | >=64 | >=8 | 8 |>=16| >=64 | >=16| >=4 2 | <=05
34 | 14.0671 Sputum Pneumology | ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 | 2 |<=0,5
35 14-0764 Wound Burn Unit SsT258 | >=32 | >=128 16 >=64 | >=64 |>=64| 8 |>=16|>=64 |>=16| >=4 2 <=0,5
36 | 14-0848 Urine BurnUnit | ST2s8 | >=32 | >=128 | 16 |>=64 | >=64 |>=64| 8 |>=16|>=64 |>=16| >=4 | 2 |<=05
37 | 14-0768 Blood Icu STo58 | >=32 | >=128 | 16 |>=64 | >=64 |>=64| 8 |>=16|>=64 |>=16| >=4 | 2 | <=0,5
38 | 14-0854 Wound Icu sTo5g | >=32 | >=128 | 16 |>=64 | >=64 |>=64| 8 |>=16|>=64 [>=16| >=4 | 2 |<=05
39 | 140851 | Tracheal aspirate Neurology | ST258 | >=32 | >=128 | 16 | >=64 | >=64 |>=64 | 8 |[>=16|>=64 |>=16| >=4 | 2 | <=05
OCTOBER
40 14-0877 Tracheal aspirate Neurology | ST348 | >=32 | >=128 | 16 |>=64 | 4 >=8 [>=16 | >=16 | <=2 | <=1 2 2 | <=05
Internal
440767 Wound e | stasg | >732 | >=128 | 16 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 |>=16| >=4 | 2 | <=05
42 Internal 5232 | >=128 | 16 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 | 2 |<=05
14-0771 Tracheal aspirate medicine ST258 B B B - - - - - - T
Internal
3 | 140795 Wound e | stasg | >732 [ >=128 | 16 | >=64 | >=64 | >=8 | & |>=16|>=64 |>=16| >=4 | 2 | <=05
NOVEMBER 44 | 140883 | Tracheal aspirate Icu sT258 | >=32 | >=128 | 16 |>=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 | 2 |<=05
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45 14-0908 Wound ICU sT258 | >=32 | >=128 16 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 <=0,5
46 14-0950 Tracheal aspirate ICU ST258 | >=32 | >=128 16 >=64 | >=64 | >=8 8 >=16 | >=64 | >=16| >=4 2 <=0,5
47 14-0934 Tracheal aspirate ICU ST348 | >=32 | >=128 16 >=64 | >=64 | >=8 |>=16|>=16| <=2 | <=1 2 2 <=0,5
48 14-0910 Sputum Neurosurgery | ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | >=16 | >=16 | >=64 | >=16| >=4 1 <=0,5
49 | 40037 Wound r'ﬂ”:j:gi; r1ysg | 732 | >=128 | 16 | >=64 | >=64 | >=8 |>=16 | >=16 | <=2 [>=16( 2 1 | <=05
N Wound rL”;j:Cr:iL . 1>2:8 >=64 | >=64 | >=64 | 4 |>=16|>=16|>=64 | >=16 | >=4 | 2 |<=0,5| <=0,5
51 14-0903 Wound Burn Unit ST348 | >=32 | >=128 16 | >=64 4 >=8 |>=16|>=16 | <=2 | <=1 2 2 <=0,5
52 14-1047 Tracheal aspirate Burn Unit ST348 | >=32 | >=128 | 32 | >=64 | >=64 | >=8 |>=16 | >=16 | <=2 | <=1 2 2 | <=0,5
53 14-0998 Urine ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16|>=16 | >=64 |>=16| >=4 2 <=0,5
54 14-1029 Tracheal aspirate ICU sT258 | >=32 | >=128 16 | >=64 | >=64 | >=8 | 8 |>=16|>=64 |>=16| >=4 2 <=0,5
55 14-1031 Tracheal aspirate ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 | >=16| >=4 2 <=0,5
56 | 14-1049 | Tracheal aspirate IcU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 |>=16| >=4 | 2 | <=05
DECEMBER 57 14-1056 Tracheal aspirate ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 | >=16 | >=16 | >=64 | >=16| >=4 2 <=0,5
58 14-1057 Blood ICU ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 |>=16| >=4 2 <=0,5
59 | 14-1043 | Tracheal aspirate Icu ST258 | >=32 | >=128 | >=64 | >=64 | >=64 | >=8 |>=16 | >=16 | >=64 |>=16| >=4 | 2 | <=05
60 14-1058 Tracheal aspirate ICU ST348 | >=32 | >=128 16 >=64 | >=64 | >=8 |>=16|>=16| <=2 | <=1 2 2 <=0,5
61 14-1059 Tracheal aspirate ICU ST348 | >=32 | >=128 16 >=64 | >=64 | >=8 [>=16|>=16| <=2 | <=1 2 2 <=0,5
62 14-0943 Urine Neurosurgery | ST258 >=32 | >=128 16 >=64 | >=64 | >=8 8 >=16 | >=64 |>=16| >=4 2 <=0,5
Transconjugants J53
code Donor isolate SAM TZP CAZ | CRO | FEP | ETP | IMI | MER | AMK | GEN | CIP | TGC | CST
CONJ-535 14-0535 sT25 | >=32 | >=128 4 >=64 2 4 |>=16| >=16 4 2 |<=0.25|<=0,5| <=0,5
Transconjugant CONJ-596 14-0596 ST196 | >=32 | >=128 4 8 <=1 4 8 >=16 | <=2 | <=1 |<=0.26 | <=0,5| <=0,5
CONJ-877 14-0877 sT348 | >=32 | >=128 4 8 <=1 4 8 |>16| <=2 | <=1|<=0.27|<=0,5| <=0,5
CONJ-937 14-0937 ST1758 | >=32 | >=128 4 32 2 4 |>=16|>=16 | <=2 | <=1 [<=0.28 |<=0,5| <=0,5
CONJ-938 14-0938 ST42 | >=32 | >=128 4 8 <=1 1 8 |>=16| <=2 | <=1 [<=0.29 [<=0,5| <=0,5
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