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1. Introduction

Improper antimicrobial use is considered as one of the main reasons for selection and
transmission of resistant bacteria (Hawkey, 2008). Beta-lactams are the most widely used
antibiotic classes; however, the spiral of appearance of resistance and subsequent
development of newer drugs is a returning characteristic throughout their history. Beta-
lactamase production is the most important defense mechanism against beta-lactam
antibiotics among members of Enterobacteriaceae family; a major change in resistance was
the appearance of extended-spectrum beta-lactamases (ESBLs), which provide resistance to
penicillins and cefalosporins. Most of ESBL enzymes are encoded by blatem, blasnv and
blactx-v gene families (see below). Those Enterobacteriaceae that produce ESBLS have
become a major problem worldwide, especially since the occurrence and spread of the beta-
lactamase genes belong to blactx-m family. Many of these genes, in contrast to the blarem and
blasnv groups, are linked to epidemic clones (Damjanova et al., 2008) and some of them, e.g.
the blactx-m-15—producing Escherichia coli O25b:ST131 and Klebsiella pneumonia ST11,
ST15 and ST147 clonal complexes, have become pandemic both in the nosocomial and
community settings as well as in long-term care (LTC) facilities (Canton and Coque, 2006;
Damjanova et al., 2008; Woodford et al., 2004). The switch from K. pneumoniae to E. coli as
the major ESBL producer species is also linked to the dissemination of blactx-m genes

(Livermore et al., 2007).

The gastrointestinal tracts of humans and even animals are obviously a major reservoir of
ESBL producer species (Ewers et al., 2010; Woerther et al., 2013) and also serve as a site for
the horizontal spread of resistance genes (Salyers et al., 2004). Carriage is related to
hospitalization and antibiotic consumption (Luvsansharav et al., 2012; Tian et al., 2008), the
significance of carriers was highlighted both in hospital and community settings (Miro et al.,

2005). The duration of asymptomatic carriage can be very long, up to several years in some



cases (Tham et al., 2010), and international travel contributes to efficient spreading (van der
Bij and Pitout, 2012). It has been shown that travelling to countries in which the rate of
ESBL-producers is high, is a risk factor for colonization with ESBL-producers (Lausch et al.,
2013; Tangden et al., 2010; von Wintersdorff et al., 2014). These data show that
asymptomatic carriers play an increasingly important role in the epidemiology of ESBL
producers. It is, therefore, important to monitor the changes in the prevalence, distribution
and dynamics of ESBL producers not only in infected patients, but in asymptomatic carriers
as well.

The aim of this thesis is to investigate the prevalence of faecal colonization with ESBL
producers among healthy individuals, people with a hospitalization history applying for LTC
facilities, pediatric and adult inpatients of wards or intensive care units (ICUs), as well as
among outpatients and screened medical students and comparing the characteristics of ESBL

producers in these populations.



2. Review of the literature

2.1. Enterobacteriaceae

Enterobacteriaceae is a large family of Gram-negative bacteria which includes genera and
species causing well-defined diseases as well as nosocomial infections. These bacteria are
natural inhabitants of the intestinal flora; however, some of them are human intestinal and
extraintestinal pathogens. Enterobacteriaceae can also be found in the environment, soil,
plants and water. E. coli and K. pneumoniae are the most frequently observed members of
Enterobacteriaceae in human clinical samples, and may cause common infections such as
pneumonia, urinary tract infections and bloodstream infections (Abbot, 2011; Nataro et al.,
2011). E. coli strains in the gut are mostly non-pathogenic commensals; however, certain
strains may carry a combination of virulence genes (Table 1) which enable them to cause
intestinal infections (e.g. diarrhoea or haemorrhagic colitis), or to cause extra-intestinal
infections (e.g. neonatal meningitis, surgical site infection, nosocomial septicaemia and
urinary tract infections) (Masters et al., 2011). According to the distribution of some target
genes and multi-locus sequence typing methods, most E. coli isolates can be grouped into
eight phylogenetic groups: A, B1, B2, C, D, E, F and clade | (Clermont et al., 2013). Group
A, B1, C and E comprise mostly commensal strains (Lee et al., 2010) while group B2, D and
F are mainly associated with virulent extraintestinal strains (Kudinha et al., 2013; Lee et al.,
2010; Piatti et al., 2008). Pathogenic E. coli strains (Table 1) can be grouped into intestinal
and extraintestinal pathogenic E. coli, on the basis of their virulence factors and clinical
symptoms (Kaper et al., 2004). Intestinal pathogenic strains can be further classified
according to pathogenic features into enteropathogenic, enterohemorrhagic, enterotoxigenic,
enteroinvasive, enteroaggregative and diffusely adherent E. coli (Nataro and Kaper, 1998).

Some of the virulence genes are shared by more than one E. coli pathotypes.



E.coli pathotype

virulence genes

Adhesin Toxin Invasin | Capsule | Siderophore | Others
synthesis
Extraintestinal papC, cnfl, ibeA kpsMTII, iutA, fyuA PAI,
pathogenic fimH, cvaC kpsMTIII traT,
E. coli sfas, CSgA
sfa/focD
Enteropathogenic eaeA exhAa
E. coli
Enterohemorrhagic | iha, eaeA, | exhAa, chuA
E. coli saa stx2, stx1
Enterotoxigenic E. LT1, LT2
coli
Enteroinvasive E. ipaH
coli
enteroaggregative eastl
E. coli
Diffusely adherent aah
E. coli (orfA)

Table 1. Categories of some virulence genes based on their function and E. coli pathotypes

carrying these genes.




Similarly to E. coli, K. pneumoniae isolates are also found in the human gastrointestinal tract.
Most K. pneumoniae are associated with pneumonia in immunocompromised hosts, but are
also able to cause urinary tract infections, abdominal infections and septicemia (Podschun
and Ullmann, 1998). Furthermore, nosocomial outbreaks of K. pneumoniae are common due
to their ability of rapid dissemination among hospitalized patients, particularly in neonatal
units (Bojer et al., 2010; Damjanova et al., 2007).

Five major virulence factor groups of K. pneumoniae have been found up to now to
contribute to the pathogenesis, capsular serotype, lipopolysaccharide, hypermucoviscosity

phenotype, siderophores, and pili (Podschun and Ullmann, 1998).

2.2. Antibiotic resistance

Antibiotics are one of the wonder discoveries of the 20" century in medical history.
However, the successful use of any antibiotics is compromised by the potential rise of
antibiotic resistance concomitant with their use. The prevalence of antibiotic resistance is a
growing problem all over the world, and has become a major threat to public health.
Antibacterial resistance may be intrinsic (natural) or acquired. Intrinsic resistance is an
inherent attribute that protects the organism, such as the outer membrane of Gram-negative
bacteria, which is impermeable to many molecules /for example, E. coli has innate resistance
to vancomycin, because it is too large to pass through porin channels of its cell wall (Chen et
al., 2009)/. Furthermore, bacteria have the remarkable ability of environmental adaptation by
changing their genome through mutations or by horizontal gene transfer, or by differential
gene expression (Harbottle et al., 2006; Rowe-Magnus and Mazel, 1999). The extensive and
inappropriate use of antibiotics in humans and animals, has led to selective pressure on
bacteria, promoting acquisition of resistance determinants. Acquired resistance is a change in
genetic composition of a microorganism, therefore an antimicrobial agent that was initially

effective against the organism is no longer effective (Chen et al., 2009)
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Resistance may be acquired in three ways: a) mutations in chromosomal genes leading to
altered antibacterial targets or transcriptional changes, e.g. mutation in chromosomal
topoisomerase/gyrase genes resulting in fluoroquinolone resistance (Martinez et al., 1998), b)
acquisition of new genes by horizontal transfer gene, e.g. plasmid mediated acquisition of
beta-lactamase encoding genes, c) mutations in previously acquired genes, e.g. mutation in
the beta-lactamase genes blarem-1 and blasnv-1, resulting in production of enzymes with a
broader spectrum (Jacoby and Medeiros, 1991). There are several biochemical mechanisms
of resistance according to the modes of action which can be divided into subgroups as
follows: a) alteration of the chemical structure of the drug (degradation, enzymatic
modification) b) decreased drug concentration (reduced membrane permeability, active
efflux) c) alterations related to the target (hyper-production of the target, new target, new
pathway bypassing the target and target protection).

Resistance to beta-lactams may be due to beta-lactamase production, alteration of the target
site such as penicillin-binding proteins, alternative cell wall synthesis pathways (new
penicillin-binding protein), change in permeability and active efflux (Gold and Moellering,

1996; Pitout et al., 1997).

2.3. Beta-lactamases and their classification

The major defense mechanism that Gram-negative bacteria have against beta-lactam
antibiotics is beta-lactamase production. The mechanism of the resistance is inactivation of
the beta-lactam drugs by hydrolysis of the beta-lactam ring. The first beta-lactamase was
identified in E. coli, before penicillin entered into clinical use in 1940 by Abraham and Chain
(Abraham and Chain, 1988; Turner, 2005).

Beta-lactamases can be classified according to two general schemes; the Ambler molecular
classification scheme and the Bush-Jacoby-Medeiros functional classification scheme

(Ambler, 1980; Bush, 1989a, b; Bush et al., 1995). According to the Ambler scheme, beta-
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lactamases are divided into four major classes (A to D). The basis of this classification
scheme rests upon protein homology and not phenotypic characteristics. Class A, C and D are
phylogenetically different serine beta-lactamases and class B is the class of metallo-beta-
lactamases (Ambler, 1980). The Bush-Jacoby-Medeiros scheme classifies these enzymes
according to functional similarity. This classification system is based on substrate profile and

lactamase inhibitor susceptibility (Table 2).
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Functional Molecular Distinctive Inhibited by Defining characteristic(s) Representative enzyme(s)
group class substrate(s) CA EDTA g P y
1 C Cephalosporins No No Greater hy'drol_yéls of cephalosporins th_an E. coli AmpC, P99, ACT-1, CMY-2, FOX-1,
benzylpenicillin; hydrolyzes cephamycins MIR-1
le C Cephalosporins No No Increased hydroly5|_s o_f ceftazidime and often other GCL, CMY-37
oxyimino-B-lactams
2a A Penicillins Yes No Greater hydrolysis of benz_ylpenlcnllns than pC1
caphalosporins
b A Penicillins, egrly Yes No Similar hydrolysis of benz_ylpemcnlln and TEM-1, TEM-2, SHV-1
cephalosporins cephalosporins
Extended-spectrum Increased hydrolysis of oxyimino-p-lactams
2be A cephalosporins, Yes No (cefotaxime, ceftazidime, ceftriaxone, cefepime, TEM-3, SHV-2, CTX-M-15, PER-1, VEB-1
monobactams aztreonam)
- Resistance to clavulanic acid, sulbactam, and
2br A Penicillins No No tazobactam TEM-30, SHV-10
Extended-spectrum Increased hydrolysis of oxyimino-p-lactams
2ber A cephalosporins, No No combined with resistance to clavulanic acid, TEM-50
monobactams sulbactam, and tazobactam
2c A Carbenicillin Yes No Increased hydrolysis of carbenicillin PSE-1, CARB-3
2ce A Carbenl_cnlln, Yes No Increased hydrolysis of qarbenlcnlln, cefepime and RTG-4
cefepime cepirome
2d D Cloxacillin Variable No Increased hydrolysis of cloxacillin or oxacillin OXA-1, OXA-10
2de D Extended-spec_trum Variable No Hydrolyzes cloxacillin or oxacillin and oxyimino-f- OXA-11, OXA-15
cephalosporins lactams
2df D Carbapenems Variable No Hydrolyzes cloxacillin or oxacillin and carbapenems OXA-23, OXA-48
%6 A Extended-spec_trum Yes No Hydrolyzes ceph_alosporlns. Inhibited by clavulanic CepA
cephalosporins acid but not aztreonam
of A Carbapenems Variable No Increased hydrolysis of carbapengms, oxyimino-f3- KPC-2, IMI-1, SME-1
lactams, cephamycins
3 B (B1) Carbapenems No Yes Broad-spectrum hydrolysis including carbapenems IMP-1, VIM-1, CcrA, IND-1
but not monobactams
B (B3) Carbapenems No Yes Broad-spectrum hydrolysis including carbapenems L1, CAU-1, GOB-1, FEZ-1
but not monobactams
3b B (B2) Carbapenems No Yes Preferential hydrolysis of carbapenems CphA, Sfh-1

Table 2. Classification scheme for bacterial beta-lactamase (Bush and Jacoby, 2010). CA, clavulanic acid.
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Beta-lactamases are plasmid- or chromosomally encoded enzymes; the genes encoding these
enzymes were originally found on the bacterial chromosome (Bradford, 2001; Livermore,
1995). The first plasmid-encoded beta-lactamase, TEM-1, was described in early 1960s from
a Greek patient named Temoniera, the enzyme was named after the patient (Datta and
Kontomichalou, 1965). It was isolated from a single strain of E. coli and showed resistance
mainly to aminopenicillins. Within a few years, the TEM-1 beta-lactamase spread worldwide
and is now found in different members of the Enterobacteriaceae family, as well as in
Haemophilus influenzae, Neisseria gonorrhoeae and other Gram-negative pathogens (Liu et
al., 1998). Another enzyme group with the same resistance profile, SHV-1, was detected
among K. pneumoniae and also in other members of the family Enterobacteriaceae (Heritage
et al., 1999). Both genes coding for TEM-1 and SHV-1 , carried by conjugative transposons
and plasmids, spread rapidly and became ubiquitous in Gram-negative bacteria (Philippon et
al., 1989), and TEM-1-producing K. pneumoniae became endemic in many hospitals
(Medeiros, 1997). Over the last 20 years, many beta-lactam antibiotics have been developed
to overcome the action of beta-lactamases. However, with each new class of antibiotics
which has been used to treat patients, new beta-lactamases emerged to cause resistance. The
selective pressure exerted by overuse of new antibiotics has been associated with the
emergence of new variants of beta-lactamases. One of these new drug classes was (third
generation) oxyimino-cephalosporins, which were widely used for the treatment of serious
infections due to Gram-negative bacteria in 1980s (Liu et al., 1998). In 1983, the first
plasmid-encoded beta-lactamase capable of hydrolyzing the extended-spectrum oxyimino-
cephalosporins was found in a strain of K. ozaenae in Germany, a mutated form of the
existing SHV-1 enzyme (named SHV-2) (Knothe et al., 1983). The first TEM-derived beta-
lactamase conferring resistance to cefotaxime, TEM-3 (initially named CTX-1), was reported

in K. pneumoniae from France a few years later (Brun-Buisson et al., 1987; Sirot et al.,
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1987), and to distinguish these enzymes from broad-spectrum beta-lactamases the term
extended-spectrum beta-lactamase was introduced by Philippon in 1989 (Philippon et al.,
1989; Sirot et al., 1987). In 1989, a non-TEM/SHV-producing E. coli isolate resistant to
cefotaxime was recognized in Munich and was designated CTX-M due to its predominant

activity against cefotaxime rather than ceftazidime (Bauernfeind et al., 1990).

2.4. ESBLs

ESBLs may be classified based on their functional characteristics or their primary structure
(Ambler, 1980; Bush et al., 1995). ESBLs were first defined as plasmid-mediated beta-
lactamases which provide resistance to extended-spectrum cephalosporins and monobactams,
and are inhibited in vitro by beta-lactamase inhibitors. In 2009 Giske et al. proposed a new
classification scheme (from the clinical prospective) with a simplified definition of ESBLs
(Giske et al., 2009). According to this classification, ESBLs are divided into three main
groups; ESBLA, ESBLm and ESBLcarea. ESBLA represents the classical ESBLs (functional
group 2be) and are further divided into three main subgroups including, TEM, SHV and
CTX-M. (In the thesis ESBL signifies ESBLa). ESBLwm are miscellaneous ESBLs that
provide resistance to penicillins, cephalosporins and sometimes also carbapenems and are
inhibited by cloxacillin or boronic acid (plasmid-mediated AmpC and OXA-ESBLS).
ESBLcarsa are enzymes with hydrolytic activity against carbapenems. There are over 150

different ESBLs described.

24.1. TEM

TEM type ESBLs are derivatives of TEM-1 and TEM-2. The first TEM beta-lactamase gene,
designated as blaTEM-1, was isolated from a strain of E. coli in 1963 in Greece (Datta and
Kontomichalou, 1965). TEM-1, which is not an ESBL, can hydrolyze penicillins and first-
generation cephalosporins; however, is unable to hydrolyze the oxyimino cephalosporins or

monobactams (Sturenburg and Mack, 2003). TEM-2 was the first derivative of TEM-1 and
15



had a single amino acid substitution at position 39; however it had the same hydrolytic profile
as TEM-1. TEM-3 was the first TEM-type beta-lactamase that showed the ESBL phenotype.
Since that time the number and variety of extended-spectrum TEM-types has increased
rapidly. More than 200 TEM type beta-lactamases have been described and new genes
continue to appear (http://www.lahey.org/Studies/temtable.asp). These TEM variants differ in
amino acid sequence, and many of them cause different resistance phenotypes. TEM-type
ESBLs are most frequently found in E. coli and K. pneumoniae, but they are also described in
other Gram-negative bacteria (Bradford, 2001). TEM-type ESBLs have been identified in
non-Enterobacteriaceae Gram-negative bacteria such as Pseudomonas aeruginosa (TEM-42)

as well (Mugnier et al., 1996).

24.2. SHV

The first emergence of an SHV ESBL was reported in Germany (Knothe et al, 1983), which
was called SHV-2. This enzyme was found to differ from SHV-1 (parent enzyme) by
replacement of glycin with serine at position 238 resulting in enhancement of the affinity of
the SHV-1 beta-lactamase to the oxyimino-cephalosporins. The majority of SHV variants
showing an ESBL phenotype are identified by the substitution of a serine for glycine at
position 238 and some of SHV variants have a substitution of lysine for glutamate at position
240. The serine residue at position 238 is critical for efficient hydrolysis of ceftazidime and
lysine residue at position 240 is critical for efficient hydrolysis of cefotaxime (Huletsky et al.,
1993). Currently, more than 40 SHV-type ESBLs have been described

(http://www.lahey.org/Studies/) where changes in amino acid sequence confer the ability to

hydrolyze the new cephalosporins (Sturenburg and Mack, 2003).
SHV-type ESBLs are mostly found in K. pneumoniae, but have also been found in E. coli,
Citrobacter diversus and P. aeruginosa. In Hungary, SHV-5 and SHV-2a are the

predominant SHV- type ESBLs produced by Klebsiella spp. (Toth et al., 2005).
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24.3.CTX-M

The CTX-M type beta-lactamases was first recognized in 1989 as a new ESBL family
member (Bonnet, 2004). The origin of CTX-M-type ESBLs was completely different from
that of TEM- or SHV-type ESBL (Bonnet, 2004). The CTX-M family of enzymes are
thought to have derived from initial transfer of the chromosomal beta-lactamase gene from
Kluyvera spp. to conjugative plasmids that readily disseminated among different members of
the Enterobacteriaceae and other Gram-negative bacteria (Canton and Coque, 2006). These
original mobilized blactx-ms genes affected cefotaxime to a higher degree than ceftazidime,
and that is where the name came from, cefotaximase (Canton et al., 2008). From an
evolutionary point of view, CTX-Ms, similarly to other ESBLs, later diverged by point
mutations as a consequence of antibiotic selective pressure once blactx-m genes were
mobilized from Kluyvera spp. and were incorporated into mobile genetic elements, which
also gave them the opportunity to enhance the hydrolytic activity against ceftazidime like
CTX-M-15, through acquisition of insertion sequences acting as strong promoters (Canton et
al., 2012).

To date, there are over 160 CTX-M variants (http://www.lahey.org/Studies/other.asp)

recorded and they are divided into five different groups according to their amino-acid
sequences: i) CTX-M-1 (emerged in Germany in 1989), ii) CTX-M-2 (emerged in Japan in
1986 and then in Argentina in 1989) , iii) CTX-M-8 (emerged in Brazil in 1996-1997), iv)
CTX-M-9 (emerged in Spain in 1994) and v) CTX-M-25 (emerged in Canada in 2000)
(Canton et al., 2008).

There has been a rapid spread of the CTX-M beta-lactamases, and they have been detected all
over the world. The reason for this rise may be a) extraordinary dissemination of the
corresponding blactx-v genes in highly mobilizable genetic platforms (plasmids and

transposons), b) the presence of these platforms within successful clones (Canton and Coque,
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2006; Rogers et al., 2011), c) the co-resistance phenomenon in CTX-M producing isolates,
especially to fluoroquinolones and aminoglycosides, which may facilitate a co-selection
process (Canton et al., 2012). The CTX-M-15 enzyme, which belongs to group 1, is
considered to be the predominant ESBL type in most of the world, which has been referred as

the “’CTX-M pandemic’’ (Canton and Coque, 2006).

2.4.4. Other types of ESBL

Whereas the majority of ESBLs are coming from TEM or SHV beta-lactamases or are
members of the CTX-M family, a few other ESBLs have been described that are not closely
related to any of the above types of beta-lactamases. They are also plasmid-mediated, but are
not derivatives of any other known beta-lactamase.

One of them is PER, which shares about 25% homology with the TEM and SHV-type ESBLs
(Nordmann and Naas, 1994). PER-1 beta-lactamase was first detected in strains of P.
aeruginosa isolated in Turkey (Nordmann et al., 1993). PER-2 which shares 86% homology
to PER-1 has been detected more frequently in South America (Bradford, 2001).

Another type that is closely related to PER is VEB-1, which was first found in isolate of E.
coli from Vietnam (Poirel et al., 1999). Other VEB enzymes have also been detected in
Kuwait and China (Jiang et al., 2005; Poirel et al., 2001a).

GES is a type of ESBLs that has recently been found in South America, Europe, South Africa
and Japan (Castanheira et al., 2004; Correia et al., 2003; Poirel et al., 2001b; Vourli et al.,
2004). GES-1 beta-lactamase was first detected in a K. pneumoniae isolate obtained in France
in 1998 (Poirel et al., 2000). The blaces-1 gene was subsequently detected in P. aeruginosa
from France (Dubois et al., 2002), and in K. pneumoniae from Portugal (Duarte et al., 2003).
Another variant, GES-2, was found in P. aeruginosa isolated in 2000 in South Africa (Poirel

et al., 2001b), notably with the ability to confer intermediate resistance to imipenem.
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2.5. Integrons

As it was discussed earlier, ESBLs are enzymes that are mediated by genes located on
plasmids. However ESBL encoding genes can be also located on or associated with
integrons, which may facilitate the spread of such genetic elements (Machado et al., 2005).
Integrons are mobile genetic elements which allow the integration of antimicrobial drug
resistance genes via site-specific recombination events. Integrons are capable of recognizing,
capturing and expressing multiple resistance genes in cassette structures, therefore play an
important role in the dissemination of antimicrobial resistance (White et al., 2001). Five
integron classes related to antibiotic resistance have been described based on the homology of
their integrase genes (Machado et al., 2005). All integrons are composed of three key
elements: 1) intl gene which encodes an integrase, 2) a primary recombination site (attl), 3) a
promoter (Pc) that directs transcription of captured genes. Class 1 integrons (Figure 1) show
the greatest diversity of antibiotic resistance gene cassettes, and have been mainly associated
with functional and non-functional transposons derived from Tn402 (Brown et al., 1996;
Radstrom et al., 1994). The non-functional type is the main common structural organization
which has been described in clinical isolates (Gillings et al., 2009). In addition, these
structures are frequently associated either with plasmids or larger transposons, such as those
of the Tn3 family (Tn21, Tn1696) aiding their dispersion (Labbate et al., 2009). Class 2
integrons show lower diversity than class 1 integrons, primarily because of the presence of a
stop codon in the class 2 integrase (intl2), resulting in a truncated and non-functional protein.
Because of this feature in class 2 integrons, they have quite a stable gene cassette array,
mainly composed of gene cassette dfrAl, sat2, ant(3’’)-la and orfX (Hansson et al., 2002).
Class 2 integrons are almost always embedded in Tn7 transposons and their derivatives.
These two classes, are the most frequently found integrons in nosocomial and community

settings, and are frequently found in ESBL-producing Enterobacteriaceae (Machado et al.,
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2005; Su et al., 2006). Class 3 integron carrying the IMP-1 metallo-beta-lactamase gene, was
first detected in Serratia marcescens isolate in Japan in 1993 (Arakawa et al., 1995). The
class 3 integron platform also has been captured by a Tn402 transposon, though in the reverse
orientation as compared to the class 1 capture event (Collis et al., 2002). Such class 3
integrons are relatively common in Japan (but not very common elsewhere), where they have
spread into some of human pathogens and commensals (Gillings, 2014). The worldwide

prevalence of the other classes of integrons remains low (Deng et al., 2015).

5’ CS Variable reqgion 3’ CS
e N N N\
intl-1 attl | dfrAl U ane Y ant3)-la [ ate ) gacEA  |sull
(e f a6 )2 fate j ¢
- — —> > —
B
intl-2 attl sat e ant(3”’)-la e ) orfX e ) tns
\atte j o )1 | ate ) O fattc |
«— —> —

Figure 1. Schematic representation of class 1 and 2 integrons. (A) Class 1 integron: In
the 5’ conserved segment (5’ CS), there is a promoter located within intl1, which drives
transcription of the genes within gene cassettes. The gene product of intll catalyzes
recombination between a primary recombination site (attl) and a corresponding 59-base
element site (59-be or attC) which is carried on mobile gene cassettes. In the 3’
conserved segment (3’ CS), there is a quaternary ammonium resistance gene (qacEAl)
and a sulfonamide resistance gene (sull). The arrows indicate the direction of
transcription for each gene. (B) Class 2 integron: its 5’ CS is similar to the class lintegron
and its 3’ CS contains five transposon genes (tnsA, tnsB, tnsC, tnsD and tnsE).

2.6. Epidemiology of ESBLs
There are marked geographical differences in the proportion of ESBL producing
enterobacteria. In Europe the prevalence of bacteria which are resistant to extended-spectrum

cephalosporins varies significantly between countries; they are less frequent in the northern
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European countries and more common in the southern and eastern parts of Europe (Canton et
al., 2008; Coque et al., 2008a).

According to an Annual Epidemiological Report from the European Antimicrobial Resistance
Surveillance Network (EARS-Net), the percentages of isolates resistance to third-generation
cephalosporins in 2013 ranged from 5.0% (Iceland) to 39.6% (Bulgaria) for E. coli (Figure
2a) and from 0 % (lceland) to 70.1 % (Greece) for K. pneumoniae (Figure 2b), in invasive
bacterial isolates, with a north-to-south gradient (According to EARS-Net database 85 % to
100 % of the reported K. pneumoniae isolates are ESBL-positive). Since 2000, the CTX-M
enzymes have emerged globally and became pandemic, but the dominant enzyme differs
between countries (Canton and Coque, 2006). Isolates with the CTX-M-9 group are frequent
in Spain and isolates with the CTX-M-3 enzymes have been described mainly in Eastern
Europe, although clones producing CTX-M group 1 (including the CTX-M-15 type) are the
most widespread throughout Europe (Bonnet, 2004; Canton et al., 2008; Coque et al., 2008a;
Coque et al., 2008b). SHV-5 beta-lactamase is very common worldwide and has been found
in France, Greece, Poland, Hungary, South Africa, the UK and US (Bradford 2001). CTX-M-
3, SHV-2 and SHV-5 are usually widely spread in eastern European countries (Canton et al.,
2008; Damjanova et al., 2007). SHV-12 is the most common ESBL found in Korea
(Bradford, 2001) and it is also one of the most prevalent enzymes associated with nosocomial
K. pneumoniae in Spanish, Italian and Polish hospitals and is also increasingly reported in E.
coli isolates from community.acquired infections (Coque et al., 2008a).

The prevalence of ESBL-producers outside Europe also varies between countries. In the
African continent, CTX-M is dominant. In Tanzania the first study of ESBLS in neonates was
performed in 2001-2002, and it was found that 25.0% of the E. coli and 17.0% of the K.
pneumoniae were ESBL-producers, mainly CTX-M-15 and TEM-63 type ESBL were found

(Blomberg et al., 2005). A study conducted at a tertiary hospital in Nigeria, found that among
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the overall ESBL producing isolates, 35% were of community origin and 65% from hospitals
(Afunwa et al., 2011). In another study conducted at a tertiary hospital in Tanzania, the ESBL
prevalence was 64.0% in K. pneumoniae and 24.0% in E. coli (Mshana et al., 2009).
Herindrainy et al. observed that 10.0% of non-hospitalized patients in Madagascar carried
ESBLs (mainly CTX-M-15) (Herindrainy et al., 2011). In a study from USA, which included
26 hospitals from 20 states participating in the SENTRY Program showed that the resistance
levels to cephalosporins and/or aztreonam in invasive strains of the family Enterobacteriaceae
was 6.4%, and rates of CTX-M-producing strains increased from 26.6% in 2007 to 43.8% in
2010 (Castanheira et al., 2013). In a study from hospitals in Canada, the rate of ESBL-
producing E. coli was below 5.0%; however, they were often multi resistant and associated
with the pandemic ST131 clone (Simner et al., 2011). In India, the prevalence of ESBL
production was 69.0% in clinical E. coli and in 41.0% of K. pneumoniae isolates (Pathak et
al., 2012). In Thailand high carriage of ESBL-producers (52.0%) among healthy volunteers

has been reported (Oteo et al., 2010).
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Figure 2. Percentage of invasive E. coli (a) and K. pneumoniae (b) isolates resistant to
third-generation cephalosporins, EU/EEA, 2013 (from EARS-net, last visited October

2015,
http://ecdc.europa.eu/en/healthtopics/antimicrobial resistance/database/Pages/map report

5.aspx)
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2.6.1. Hungary

The first detection of ESBL-producing bacteria in Hungary took place in 1996 in clinical
isolates of K. pneumoniae (Pragai et al., 1998). Between 2002 and 2003 nosocomial
outbreaks caused by K. pneumoniae and K. oxytoca producing SHV-2a and SHV-5 have been
reported, as a result of dissemination of identical allodemic R-plasmids (Téth et al., 2005;
Damjanova et al., 2006). Between 1998 and 2004, outbreaks caused by SHV-type ESBL-
producing K. pneumoniae, were reported exclusively from neonates (Damjanova et al., 2007).
In 2005, eruptive and extensive dissemination of CTX-M-15 producing K. pneumoniae
clones (mainly ST11, ST15, ST 147) was observed causing both outbreaks and sporadic
infection in adult patients across the country (Damjanova et al., 2006; Damjanova et al.,
2008). One year later another epidemic clone (ST274) emerged in various regions of the
country (Damjanova et al., 2011). In a study from Pecs, Melegh and colleagues found a new
CTX-M-15 producing K. pneumoniae clone (ST101) which showed high level resistance to
ciprofloxacin (Melegh et al., 2015). The result from an investigation of fourteen outbreaks
caused by ESBL-producing K. pneumoniae in Hungary between 2005 and 2008, showed that
the outbreaks in neonatal intensive care units (where fluoroguinolone-type antibiotics were
not in use), remained polyclonal and strains retained SHV-type ESBLs, while in the adult
outbreaks, CTX-M-type ESBL clones (ST15, ST147) were involved (Szilagyi et al., 2010). It
was also shown that the use of fluoroquinolone type antibiotics was responsible for the
expansion of the major clone of ESBL-producing K. pneumoniae (Toth et al., 2014). There
are very little data about the epidemiology of ESBL-producing E. coli in Hungary. The most
common types of ESBL-producing E. coli reported were CTX-M-15 in human and CTX-M-1

in animal isolates (Toth et al., 2013).
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2.7. Faecal carriage of ESBL-producers and risk factors for colonization or infections
associated with these bacteria

The first reports on human faecal carriage with ESBL were from Spain in outpatients, in 2001
(Mirelis et al., 2003). During the period 1991-2003, there was a gradual increase in the faecal
carriage rate in outpatient settings in Spain from 0.7% to 5.5% (Valverde et al., 2004). Since
then, asymptomatic faecal carriage of ESBL-producing bacteria in the hospital and the
community has been reported in different studies with wide differences in carriage rates
between geographic areas. The highest prevalence rates have been reported from Thailand
69.3%, Egypt 63.3% and China 50.5% (Woerther et al., 2013). In Europe the highest carriage
rate (11.6%) was observed among patients upon admission to a geriatric unit in Belgium in
2011 (Schoevaerdts et al., 2012). The duration of carriage can be very long, up to several
years in some cases (Tham et al.,, 2012), which constitutes a critical factor in the
epidemiology of ESBLs both in hospital and community settings.

Patient-to-patient transmission of ESBL producers occurs frequently, but K. pneumoniae
appears to have a higher propensity to be transmitted than E. coli (Harris et al., 2007a; Harris
et al., 2007b). Transmission of such bacteria usually occurs via the faecal-oral route, either
directly or indirectly through hand contact with healthcare workers. Environmental reservoirs
(sinks, food) are also considered emerging vehicles of transmission of ESBL producers in
hospitals (Calbo et al., 2011; Lowe et al., 2012). Many studies have identified risk factors for
acquiring and being infected with ESBL-producers. Risk factors for acquiring ESBL while
admitted to hospital include a history of extended antibiotic courses (especially
cephalosporins and fluoroquinolones) (Aldeyab et al., 2012; Ofner-Agostini et al., 2009; Pena
et al., 1997; Shaikh et al., 2015), prolonged hospital stay (Lautenbach et al., 2001; Ofner-
Agostini et al., 2009; Shaikh et al., 2015), admission to intensive care unit (Cornejo-Juarez et

al., 2015; Flaherty and Weinstein, 1996; Rettedal et al., 2013), underlying host factors (such
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as being neutropenic, transplant recipient or neonate (Linares et al., 2008; Logan et al., 2014,
Rettedal et al., 2013; Rodriguez-Bano et al., 2010) and the presence of foreign devices
(urinary catheter, central venous catheter, mechanical ventilators) (Pena et al., 1997). In non-
hospitalized patients, risk-factors associated with ESBL producers included recent antibiotic
use (Kang et al., 2012; Reuland et al., 2016) and hospitalization in the past three months
(Ben-Ami et al., 2009), residence in a long-term care facility (Ben-Ami et al., 2009), age over
65 years (Ben-Ami et al., 2009), household contacts (Valverde et al., 2008), and male sex
(Ben-Ami et al., 2009). Apart from these, a history of travel is also recognized as a risk factor
for becoming colonized with ESBL producers (Tangden et al., 2010). Carriage rates, and
therefore the risk of colonization in travellers returning home, increased significantly after
travel to Egypt, India and Thailand (Tham et al., 2010). In a study conducted by Van der Bij
and Pitout, North Africa and the eastern Mediterranean are also associated with a higher

carriage risk in returned travellers (van der Bij and Pitout, 2012).

2.8. Clinical impact of ESBLs

ESBL producers have a wide clinical significance and high impact in healthcare systems
especially in low income countries (as poor access to drinking water, poverty, and a high
population density are efficient driving forces for ESBL dissemination) (Woerther et al.,
2013). ESBL producers are associated with different kind of infections, such as pneumonia,
urinary tract infections, septicaemia, intra-abdominal infections and meningitis (Badal et al.,
2013; Dayan et al., 2013). ESBL producers often exhibit co-resistance to several commonly
used antibiotic classes, such as fluoroquinolones, aminoglycosides and trimethoprim-
sulfamethoxazole. This high resistance rate against drugs commonly used in the empirical
treatment of critically ill patients may result in initial treatment failure, delay of adequate
therapy and consequent increased morbidity and mortality rate, higher hospital costs and

longer hospital stay (Cordery et al., 2008; Cosgrove and Carmeli, 2003; Schwaber et al.,
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2006). Thus, the treatment options are often very limited in infections caused by these
bacteria. Carbapenems have been regarded as the drug of choice for treatment of serious
infections caused by ESBL-producing bacteria; however the disadvantage is the potential
selection for carbapenem-resistance in ESBL producers and in other Gram-negative bacteria

(Rupp and Fey, 2003).
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3. Objectives

The overall aim was to study the epidemiology of bacteria producing ESBLSs in asymptomatic
individuals, with no sign of ongoing infection that might be attributed to ESBL-producing
bacteria.

Specific aims were as follows:

1) To evaluate the prevalence of ESBL-producing Enterobacteriaceae among applicants for
LTC facilities and individuals screened for employment eligibility purposes and to compare
the prevalence of faecal carriage and characteristics of these enzymes in these two groups
(paper 1).

2) To survey the faecal carriage rate of ESBL producers among healthy individuals in the
same geographic area a few years later and to compare the prevalence and characteristics of
ESBL producers to our previous results (paper I11).

3) To assess dynamics of ESBL carriage in patients by investigating the prevalence of faecal
colonization with ESBL producers among pediatric and adult inpatients of different wards or
ICUs, as well as among outpatients and screened medical students and comparing the

characteristics of ESBL producers in these populations (paper II).
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4. Materials and Methods

4.1. Samples and isolates

We investigated three batches of samples (first batch; screened asymptomatic carriers 2009-
10, second batch; screened inpatients, outpatients and medical students 2010-13, third batch;
screened asymptomatic carriers 2013-14, Table 3). The first batch (paper 1), contained 1,640
faecal samples sent for screening for enteric pathogens from two groups of asymptomatic
individuals investigated between March 2009 and April 2010. Samples originated from 1,109
individuals (300 males and 809 females) being screened for employment eligibility purposes
(e.g. jobs at hospitals, kindergartens and food-processing plants) and 531 individuals (218
males and 313 females) who needed to be screened for enteric pathogens prior to admittance
to LTC facilities.

The second batch (paper 1) of samples included 5581 non-duplicate faecal specimens which
were sent for routine diagnostics from October 2010 to February 2013, originating from 4343
inpatients (adult ICU; adult non-ICU; pediatric ICU; pediatric non-ICU and rehabilitation),
814 outpatients and 424 screened medical students (223 foreign and 201 Hungarian students).
The third batch (paper 111), contained stool samples from 1004 healthy individuals from the
same population as the first batch; 779 from individuals screened for employment purposes
(599 females, 180 males) and 225 from applicants for the LTC facilities (140 females, 85
males) between November 2013 and May 2014.

With the exception of international medical students included in our second batch, the vast
majority of individuals in our studies were located in North-Eastern Hungary from the EU

regions of Northern Hungary and Northern Great Plain.
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Paper |

Paper |1

Paper 11

2009-10 (1% batch)

2010-13 (2" batch)

2013-14 (39 batch)

Employment - - Screened Employment
LTC screening Adult ICU Adult non- | Pediatric | Pediatric Rehabilitation | Out-patient medical LTC screening
applicants ICU ICU non-ICU applicants
group student group
Number of | g9 1109 330 1397 619 1864 133 814 424 225 779
samples
Median
age 75 (0-100) | 34 (15-68) | 68 (20-96) | 69 (0-101) | <1 (0-16) | 2 (0-22) 68 (0-93) 28 (0-91) | 25(20-40) | 81(0-103) 34 (14-61)
(range)
25
percentile 63 25 56.75 55 <1 1 54 13.75 23 73 24
(year)
75
percentile 83 44 76 80 1 6 76 52 26 86 44
(year)

Table 3. Demographic data of studied populations. ICU: intensive care unit; LTC:
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Faecal samples were inoculated directly onto eosin methylene blue agar plates supplemented
with 2 mg/l cefotaxime. All colonies with different morphology were further identified by
means of biochemical tests; enterobacterial isolates were then processed further.
Antimicrobial susceptibility was determined by the EUCAST disk diffusion method using
ertapenem, meropenem, imipenem, cefotaxime, ceftazidime, cefepime, ciprofloxacin,
trimethoprim—sulfamethoxazole  (co-trimoxazole), doxycycline, colistin, amikacin,
gentamicin, tobramycin and tigecyclin. All isolates showing a decreased susceptibility to at
least one third generation cephalosporin or to cefepime were tested for ESBL phenotype
using double disk synergy test (Oxoid, Basingstoke, UK) and then re-identified using a
MALDI Biotyper (Bruker, Bremen, Germany).

Carbapenem-resistant isolates were also tested using the Hodge test as specified in the
Clinical and Laboratory Standards Institute guidelines.

In the case of isolates displaying an ESBL phenotype, DNA was extracted by heating a
loopful of bacterial cells in 200 pl TE buffer; (100 Mm Tris and 10 Mm EDTA) at 98 C for
15 minutes. PCR amplifications were carried out in a MyCycler PCR machine (BioRad,
Hercules, CA, USA). Primer sequences are listed in Tables 4 and 5. Amplified DNA-
products were analyzed on a 1% agarose gel (Sigma, St. Louis, MO, USA) stained with
ethidium bromide. Samples were electrophoresed in TBE buffer at 100 V for 70 minutes. The
gel was examined using a UV transilluminator and photographed. For sequencing, PCR
products were then purified with a PCR purification kit (Isolate PCR and Gel Kit, Bioline,
Taunton, MA, USA) following the manufacturer’s instructions. The resulting sequences were
compared with known sequences using CLC DNA Workbench software (CLC Bio, Aarhus,
Denmark) and the Basic Local Alignment Search Tool (BLAST, NCBI).

(Strain collection has been done by co-authors).
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4.2. ldentification of ESBL genes

The blatem, blashv , blactx-m genes were detected by PCR, as described previously (Bedenic
et al., 2001; Edelstein et al., 2003; Jouini et al., 2007); blatem and blasnv genes were
identified by sequencing (Macrogen, Amsterdam, The Netherlands) using the same primers,
while blactx-m genes were identified by the sequencing of products of group-specific PCRs
(Pitout et al., 2004b). Primer sequences and annealing temperatures are listed in Table 4.

Sequence alignment and analyses were performed using CLC DNA Workbench.

4.3. Aminoglycoside resistance genes and characterization of integrons

The aminoglycoside resistance genes aac(3’)-lla (aacC2), aac(6’)-Ib (aacA4), aph(3’)-la
(aphAl), ant(2’)-la (aadB), ant(3’)-la (aadAl), armA , rmtA and rmtB were detected by PCR,
as previously described (Bogaerts et al., 2007; Frana et al., 2001; Hannecart-Pokorni et al.,
1997; Noppe-Leclercq et al., 1999). The detection of class 1 and class 2 integrons was
performed by PCR assays according to Mazel et al (Mazel et al., 2000) and the amplification
and sequencing of the variable regions were performed as described by White et al (White et
al., 2001), using newly designed internal primers when necessary. Primer sequences are listed
in Table 4. Sequences were assembled in the CLC DNA Workbench, and gene cassettes were

identified using the BLAST (http://blast.ncbi.nlm.nih.gov/Blast). Identification of class 1 and

class 2 integrons with variable regions of the same size was performed by restriction analysis
using at least two enzymes for each cassette array, including EcoRlI, Hind Ill, Msel and Rsal

(Thermo Scientific, Waltham, MA, USA).
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e Annealing MgCl, Primer
Target gene Primer name Sequence (5'—3") ArrS1IpZI ;ﬂ(g;[)'on cct Reference
Temp (°C) | (25mM) (HM)

blarem SI'Z:;“A”; RN s e 1150 56 6 10 (Jouini et al., 2007)
| e | TS | e | o | 5 | 0 | wmasm
blacTxm oo PlieneidisSasiassoiive 544 65 6 10 (Edelstein et al., 2003)
Dlacrcrmoon CUMITS | GACGATGTCACTGGCTGAGC 499 55 : 10 | (pitoutetal, 200a0)
blacrx-v-graup 1 T e 351 55 8 10 (Pitout et al., 2004b)
blacrx-nt-group i o e oyt 307 55 4 10 (Pitout et al., 2004b)
blacrx-wgrou v® ETT))(('\ICAZT: oS 474 62 4 10 (Pitout et al., 2004b)

aac(6)-1b :Z(fgggl' oF Sl el S 216 58 8 25 (Frana et al., 2001)
o Bt Al | | 4 | s | Mg

ant(2")-1a 1111:‘5((22’:’))-]3’:1—_; e oo e 320 67 5 25 (Frana et al., 2001)
worn B R | b | m | P
T A TR e
armA mZEE CA%'_A ;.Sﬁé?é’:i’:?ggﬁg?TT 776 55 4 25 (Bogaerts et al., 2007)
rmtA rrrr:':,ﬁlz ?jr—'?g ((::_(I?_;'CC(?:_I‘_I'GC ggg;?ggg 635 55 4 25 (Bogaerts et al., 2007)
rmtB rrrnr:'fs:; %E?’?é?él‘?‘?é g gﬁl-_r AG‘IE:CCCCA-\I— 769 55 4 25 (Bogaerts et al., 2007)

Int-1 o PeiSeesaliisoUiicel 500 62 10 10 (Mazel et al., 2000)

e | R | ettt | w | o | w0 | memesaw
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Class 1 i”rt:goon“ variable gg_'; iig@;%%%ﬁ?gﬁggﬁég Variable 55 8 10 (White et al., 2001)
o | bR | A TGOOATCOOARGTACOAG | | Variadle | 60 ; 10 | (Whiteetal, 2001

s | BT | NOCOSCCAGNSOT | i | m | 5 | 0 | v
KPS || ATCMCASTCMACST | | v | n | 0 | s

Table 4. List of primes and annealing temperatures utilized in the PCR analysis.2 Group | includes CTX-M-1, 3, 10 -12, 15 (UOE-1), 22, 23, 28,
29, and 30. Group Il includes CTX-M-2, 4, 7, and 20 and Toho-1. Group Il includes CTX-M-8. Group IV includes CTX-M-9, 13, 14, 16-19 and
21, and 27 and Toho-2. Group V includes CTX-M-25 and 26. ® Internal transcribed spacer.¢ Concentration.
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4.4. Phylogenetic analysis of E. coli and virulence genes

Phylogenetic groups of E. coli were determined using the multiplex PCR method developed
by Clermont et al. (Clermont et al., 2000). Three markers were used: chuA, yjaA and
TSPEA4C2, primers sequences are listed in Table 5; using these markers E. coli were grouped
into A, B1, B2 and D phylogenetic groups (Figure 3). The pandemic O25b-ST131 clone was
screened in the isolates of the phylogenetic group B2 with a PCR-based assay (Clermont et
al., 2009). A multiplex PCR assay was used to determine the presence of virulence factor
genes characteristic for enterovirulent E. coli pathotypes (Persson et al., 2007). We used PCR
with previously described primers (Table 5) for the first batch of samples to search for genes
coding for the putative extra-intestinal virulence factors of E. coli , including adhesins (papC,
fimH, sfaS and sfa/focDE), toxins (cnfl and cvaC), factors related to iron acquisition (iutA
and fyuA), the capsule system (kpsMT I1) and miscellaneous factors (ibeA, PAI, traT and

csgA) (Braun and Vidotto, 2004).
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Figure 3. Dichotomous decision tree to determine the hylogenetic group of an E.
coli strain, by using the results of PCR amplification of the chuA and yjaA genes
and DNA fragment TSPE4.C2 (Clermont et al., 2000).




Target gene Primer name Sequence (5'—3") Ar‘rs1lpzl ;fi((t:)z;[)ion 1'.6; r;rr]lga(loigg) (%E/CI:;) Pri(ﬁi/rl)ccﬁ Reference
papC EZE; iﬁiﬁggﬁ;@fg gﬁgggg;ggﬁ:?ﬁ 328 63 5 20 (Braun and Vidotto, 2004)
fimH E:nr:ﬂ; Ecéiéﬁﬁ%%ﬁégéé?gggg%s 508 63 5 20 (Braun and Vidotto, 2004)
sfaS SIZS; %E%%&g%%ggégéﬂﬂg 240 63 5 20 (Braun and Vidotto, 2004)
sfa/focDE 2;2; gg giggﬁgﬁﬁﬂ?ﬁg;ﬁ%g%&i 410 63 5 20 (Braun and Vidotto, 2004)
enfl Ezg éﬁ?TACT fgﬁgﬁgg%gggfg:f&ﬁi 498 63 5 20 (Braun and Vidotto, 2004)
cvaC gg:\\;gg %ﬁg’égégéﬁégi?ﬁéﬁrcgg AT';— 680 63 5 20 (Braun and Vidotto, 2004)
iutA o %%CTTC%%%%ATCCGAJ S%GGAAAACTTSCS 300 63 5 20 (Braun and Vidotto, 2004)
fyuA g’ﬂﬁjg Eg@;gﬁ%%%%&iﬁ%ﬁ?gﬁﬁ 880 63 5 20 (Braun and Vidotto, 2004)
ibeA :ggig_'; ?gg%g?ggg ggfﬁﬁggﬂgg 170 63 5 20 (Braun and Vidotto, 2004)
PAI Sgﬁii_'; %@g@;gg;ﬂgﬁgﬁggggi% 930 63 5 20 (Braun and Vidotto, 2004)
traT I::lg %%%g%%ig%@;?@ggﬁgﬁg 290 63 5 20 (Braun and Vidotto, 2004)
CsgA mgg_'g A:gggéﬁggﬁggﬁ&iccc 200 50 5 20 (Braun and Vidotto, 2004)
ChuA gﬂﬂﬁ ; %ggééggéffggggﬁggg 279 55 12 10 (Clermont et al., 2000)
viaA i};ﬁ : JEsaviylEassasocativ 211 55 12 10 (Clermont et al., 2000)
TSPE4.C2 Eggjgg : gggg@g;%iiig?ﬁﬁ;gg 152 55 12 10 (Clermont et al., 2000)
| BN CASGSSSCOONCST | wr | w | & | 1 | cammaaom
trpA tt:gﬁ_'l'; GGCC:A“ggCAGAg gg% ggégii% 427 65 6 10 (Clermont et al., 2009)
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Human estA

StFh

TTTCGCTCAGGATGCTAAACCAG

_ StRh CAGGATTACAACACAATTCACAGCAGTA 151 57 26 0.4 (Persson et al., 2007)
A |ty | CTCCCKTTATISIONTS | | 5 | 20 | o4 | cemasam
e ps3 GTTTGCAGTTGATGTCAGAGSOA w0 | s | 28 | oz | (persenetalzom
eae Egg $gg$£‘ Eg((;; ;g;gg;%gggg;g 377 57 2.6 0.15 (Persson et al., 2007)
w2 rs7 GCCTGTCGCCASTTATCTOACA | 4 | 51 | 26 | 05 | (essonetal, 2007
eltA Ppsslgo A’?’éggg?g;g;iﬁccﬁgégﬁgﬁé‘gg A 479 57 2.6 0.45 (Persson et al., 2007)
ipaH Egi; ,-AI-'ITCG:CA ((5: ngC g;gzg%_?_é;éicc 647 57 2.6 0.1 (Persson et al., 2007)
oA | 313 GOAGGCAGCAGTOOOGAATA w2 | 5 | 26 | 025 | (ersenetal, 2000

Table 5. Primers and annealing temperatures used in the PCR reactions. R=A or G; Y = C or T. 2 Concentration.
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4.5. Genetic relatedness

For the first batch of samples (paper 1), the epidemiological relationship was analyzed by
enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) with ERIC2 and ERIC1R
primers (Versalovic et al., 1991) and pulsed-field gel electrophoresis (PFGE). Plugs were
prepared as described earlier (Mozes et al., 2014), macrorestriction was performed using
Xbal (Fermentas, Vilnius, Lithuania) in a CHEF DRIII machine (Bio-Rad, Hercules, CA,
USA) in 1% SeaKem Gold agarose (Lonza, Basel, Switzerland) at 14° C. Electrophoresis
was performed at 6 VV/cm, with a reorientation angle of 120°, and switch times were ramped
between 2 and 64 s for 20 h for both species. Gels were stained with ethidium bromide and
visualized under UV light. Banding patterns were analyzed with Fingerprinting 11 software
(Bio-Rad, Hercules, CA, USA). The threshold for probable relatedness was set at >85%
similarity. The Simpson index of diversity (D) was calculated to assess diversity, as described
earlier (Hunter and Gaston, 1988).

(PFGE analysis has been performed with the help of my co-authors).

4.6. Prevalence of ESBL-infected patients and antibiotic consumption

For comparison to the data of the second batch of samples (paper Il), monthly numbers of
ESBL-infected patients were collected from data of the Bacteriology Laboratory and
expressed as number of ESBL-infected patients per positive samples, incidence density of
ESBL producers per 100 bed-days and proportion of ESBL producers among Klebsiella spp.
and E. coli. Prevalence data were also collected on K. pneumoniae and E. coli as well as on
adult and pediatric patients separately. Monthly antibiotic consumption was calculated as
defined daily doses/100 bed-days for the major antibiotic groups (Monnet, 2006).

(Antibiotic consumption data collection has been done by co-authors).
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4.7. Statistical analysis

Prevalences were compared by means of the x 2 test or the Fisher exact test as appropriate.
Age distribution in the different groups was compared by means of the Kolmogorov-Smirnov
test. The distribution of genes coding for ESBLS, aminoglycoside modifying enzyme genes
and co-resistance patterns were all analyzed by y 2 test, and the pairwise comparisons derived
were adjusted with the Bonferroni correction. The association of genes with each other or
with different characteristics was analysed using the Pearson correlation. PaSt v3.0 was used
to perform the statistical tests (Hammer et al., 2005).

Time series data of monthly antibiotic consumptions, prevalence of ESBL carriers and
prevalence of ESBL-infected patients were used in different combinations to build dynamic
regression models (paper I1) using the Pankratz methodology (Pankratz, 1991). First, pairwise
dynamic regression models were built to assess the relationship between i) variables
characterizing ESBL-infected patients as explanatory and ESBL carriage rates as dependent
variables, ii) these two sets of variables tested in reverse order, iii) using consumption of
different antibiotics as explanatory variables against ESBL carriage rates or iv) against
variables characterizing ESBL-infected patients. Later models with multiple explanatory
variables were constructed using v) rates of infection with ESBL-producing E. coli and K.
pneumoniae as separate explanatory variables and vi) rates of infection in pediatric and adult
patients as separate explanatory variables. Causal relationship between two time-series was
assessed using Granger causality tests. Time-series analysis was performed in the software
environment Eviews 3.1.

(Time-series analysis has been done with the help of my supervisor).
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5. Results

5.1. Prevalence of ESBL-producer carriage

The overall prevalence of ESBL carriers among individuals screened for enteric pathogens in
2009-2010 and in 2013-2014 (first and third batches) was comparable (3.7% (60/1640) and
3.0% (30/1004), respectively). The LTC groups carried ESBL-producers significantly more
frequently than the employment screening groups (7.2%, 38/531 vs. 2.0%, 22/1109, p<0.001
and 5.3%, 12/225 vs. 2.3%, 18/779, p=0.019 respectively, Figure 4).

In the first batch, among the 63 ESBL-producing isolates from the 60 patients, the species
found were E. coli (43 isolates), K. pneumoniae (18 isolates), Klebsiella oxytoca (1 isolate)
and Proteus mirabilis (1 isolate). Three individuals, all from the LTC group, harboured
multiple ESBL-producing isolates simultaneously (K. pneumoniae and E. coli in 2
individuals and K. oxytoca and E. coli in 1 individual). Among the LTC group, the same
proportion of E. coli and K. pneumoniae isolates was found (21/41 vs. 18/41), while among
individuals on employment screening only E. coli isolates occurred.

In the same population of individuals sampled in 2013-14 (third batch), altogether 32 isolates
producing ESBLs were found. Similarly to the first batch, the same proportion of E. coli and
K. pneumoniae occurred in the LTC group (5/14 vs. 5/14, and two applicants carried both
species simultaneously), and only E. coli isolates were found in the employment screening
group. Other species did not occur.

Prevalence of faecal carriage of ESBL-producers in the second batch was 7.4% (323/4343)
among inpatients which was significantly higher than outpatients and screened medical
students (3.1%, 25/814 and 2.6%, 11/424 respectively; p<0.001). Among inpatient subgroups
(Figure 4), adults showed significantly higher carriage rates of ESBL producers (12.0%,
222/1853) than pediatric patients (4.1%, 101/2490; p<0.001). The highest prevalence was

found in rehabilitation wards (27.1%, 36/133), followed by ICU patients (9.3%, 88/949);
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lowest prevalences found in non-ICU patients (6.1%, 199/3261). These differences were
statistically significant in any pairwise comparison (p<=0.001). The prevalence rates were
comparable in medical screening students and outpatient study groups (1.0%-4.0%) as well as
in pediatric non-1CU (3.0%, 56/1864), however significantly higher, in pediatric ICU (6.8%,
42/619) and more significantly higher in adult ICU and non-1CU (13.9%, 46/330 and 10.2%,
143/1397; respectively). Among the screened medical students non-Hungarian medical
students showed higher prevalence rate than Hungarian students (4.0% and 1.0%,
respectively; p=0.049). The rate of carriage of ESBL producers was not affected by the
region where patients lived (except non-Hungarian medical students), by their gender or by
their age in any of the comparisons.

Among the 369 ESBL-producers from the 359 patients, the most common species were K.
pneumoniae and E. coli (185 and 179 isolates, respectively), followed by two Proteus
mirabilis, two Citrobacter brakii and one K. oxytoca isolate. Ten individuals among
inpatients harboured K. pneumoniae and E. coli simultaneously. In inpatients, proportion of
E. coli and K. pneumoniae was similar (46.0%, 153/333 vs. 52.9%, 176/333), while among
outpatients and medical students E. coli was more frequent (64.0%, 16/25 vs. 32.0%, 8/25;
p=0.024 and 90.9%, 10/11 vs. 9.1%, 1/11, p<0.001, respectively). Among adult non-ICU and
pediatric ICU patients, the proportion of K. pneumoniae and E. coli was comparable (43.9%,
65/148 vs. 54.7%, 81/148 and 42.1%, 24/43 vs. 31.6%. 18/43, respectively); however K.
pneumoniae was more prevalent among adult ICU (75.5%, 37/49 vs. 24.5%, 12/49; p<0.001)
and rehabilitation patients (75.0%, 27/36 vs. 22.2%, 8/36; p<0.001). In contrast, E. coli

prevalence was significantly higher among pediatric non-1CU (P=0.030, Figure 8).
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Figure 4. Prevalence of ESBL producing isolates among different groups in the three batches (paper I, 11 and 111).

ICU: intensive care unit. * p < 0.05; * * * p < 0.001.
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5.2. Characterization of ESBL producing isolates

Carriage of ESBL genes of the blactx.m family was dominant in all study groups of all
sample batches (Figure 5). In the first batch, out of the 63 ESBL-positive isolates 50
harboured a blactx-m gene; the majority of which were blacrx-m-15 (68.0%, 34/50). Other
blactx-m types were found only in E. coli isolates, of which one isolate harboured blacTx-m-15
and blactx-m-2 simultaneously. All K. pneumoniae and five E. coli isolates (11.6%, 5/43)
carried blasnv-12; in the case of K. pneumoniae, eleven isolates harboured both blacTx-m-15 and
blasnv-12 (61.1%; 11/18). The distribution of the ESBL genes was significantly different
between the two study groups (p=0.001, Figure 5). In the LTC group blactx-m-15 was found
more frequently than in the employment screening group (68.3% vs. 22.7%, respectively;
p<0.001), while the frequencies of other genes were comparable. When comparing ESBL
gene distribution among K. pneumoniae (all from the LTC group), E. coli from the LTC
group and E. coli from the employment screening, a significant difference was found in
pairwise comparisons (p<0.001 to p=0.026). In E. coli from the LTC group, blactx-m-15 gene
was found in 76.2% (16/21) of the isolates, while in the employment screening group only in
22.7% (5/22; p<0.001). In addition, K. pneumoniae carried blasqv-12 more frequently than E.
coli either among the LTC group or in the employment screening group (p<0.001).

In the same population of individuals sampled in 2013-14 (the third batch), all isolates carried
CTX-M type ESBLs, with the dominance of blacTx-m-15 (84.4%, 27/32). Diversity of ESBL
genes was lower than the first batch (Figure 5). All K. pneumoniae isolates carried blactx-m-15
(two of them harboured blasnv.s and other two harboured blasnv-110 simultaneously), while
six of seven E. coli isolates (85.7%) from the LTC group and 14 of 18 isolates (77.8%) of the
employment screening group carried blactx-m-15. Comparing with the first batch, blactx-m-15
in E. coli from the employment screening group in 2013-14, became significantly more

frequent (p=0.001), however no significant differences found between E. coli in the LTC
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group for both batches. The remaining one and four E. coli carried blactx-m-1. All of these
rates were statistically comparable.

In the second batch, the most common gene was also blactx-m-15 in both major species and in
all groups (Figure 5). In E. coli, other frequent genes were blactx-m-1 and blastv-12, while in
K. pneumoniae blactx-m-1s was followed by blasnv-12 in all inpatient groups. One K.
pneumoniae isolate harboured blactx-m-15 and blasyv-12 simultaneously. Adult inpatients
carried blactx-m-15s more frequently than children, regardless of ward type (p<0.001).

Diversity of ESBL genes in E. coli was higher in children than in adults (Figure 5).
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Figure 5. Distribution of ESBL genes in different groups in E. coli and K. pneumoniae (paper I, Il
and I11). ICU: intensive care unit; LTC: long--term care.
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5.3. Resistance patterns and aminoglycoside resistance genes

Resistance to the tested antibiotic classes was common in all three batches. All ESBL-
producing isolates were susceptible to colistin; carbapenem nonsusceptibility (Hodge test
negative) was detected in K. pneumoniae isolates (one harbouring blasnyv-12 in the first batch
and eleven harbouring blactx-m-15 and two harbouring blasnv-12 in the second batch; none in the
third batch).

In 2009-2010 (in the first batch) K. pneumoniae was resistant to all the tested antibiotics,
except for carbapenems and colistin, and it carried the aac(6’)-Ib gene but no other tested
aminoglycoside resistance genes. In case of E. coli there was marked variability in the
patterns of resistance to ciprofloxacin, amikacin, tobramycin and trimethoprim-
sulfamethoxazole (p=0.048 to p<0.002) between isolates from individuals on employment
screening and applying for LTC admission (Figure 6). Considering commensal vs.
pathogenic E. coli isolates as classified by phylogroups, the resistance pattern was similar
(but no significant differences in resistance to ciprofloxacin and trimethoprim-
sulfamethoxazole). In contrast to K. pneumoniae, isolates resistant to all non-beta-lactam
antibiotics (except colistin) were not found in E. coli from either group. In the E. coli isolates,
the presence of the blacTtx-m-15 gene correlated positively with ciprofloxacin, amikacin and
tobramycin resistance, while the gene blacrx-m-1 correlated negatively with amikacin and

tobramycin resistance (Table 6).
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Figure 6. Resistance rates in ESBL-producing isolates obtained from long-term care facility applicants and
individuals on employment screening (paper | and I11). amik: amikacin; cip: ciprofloxacin; dox: doxycycline;
gen: gentamicin; tig: tigecycline; tmp + smx: trimethoprim-sulfamethoxazole (co-trimoxazole); tob:
tobramycin.* p < 0.05; * * p <0.01; * * * p < 0.001.
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blacTx-m-15 blacTx-m-1
Ciprofloxacin resistance r=0.39 ** S
Gentamicin resistance NS S
Amikacin resistance r=0.52 *** r=-0.40 **
Tobramycin resistance r=0.52 *** r=-0.42 **
Tigecycline resistance NS NS
Carriage of aac(3’)-lla r=0.34 * NS
Carriage of aac(6”)-1b r=0.70 *** r=-0.37 *
Carriage of aph(3’)-la r=-0.36 * NS
Carriage of ant(3”)-la r=-0.35* NS
Carriage of type I integron r=-0.51 *** NS

Table 6. Correlation of carriage of blactx-m-15 and blactx-m-1 with resistance to
antibiotics and aminoglycoside resistance genes in E. coli isolates (paper I). NS: not
significant; * p<0.05; ** p<0.01; *** p<0.001; shading indicates negative

correlation.

All isolates were negative for ant(2’)-la, armA, rmtA and rmtB genes. In E. coli from the
LTC group, aminoglycoside resistance genes were distributed unevenly (p=0.017, Figure 7),
with more common carriage of aac(6°)-1b than aph(3°)-1a and ant(3’)-la (p =0.048 for both
comparisons), but not more common than the carriage of aac(3’)-1la. The distribution of
aminoglycoside resistance genes was also uneven (p<0.001) in the case of E. coli from the
employment screening group, but in these isolates ant(3’)-la was more frequent than
aac(6’)-1b and aph(3’)-la (p=0.005 and p=0.02, respectively). Regarding commensal and
pathogenic E. coli isolates, pathogenic isolates showed a pattern very similar to that of the
isolates from the LTC group, but the dominance of aac(6°)-1b over aph(3’)-la and ant(3’)-1a

was more marked (p=0.004 for both comparisons). The commensal isolates were similar to

the isolates from the employment screening group.
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Figure 7. The prevalence of aminoglycoside resistance genes in the two groups (paper | and I11).

* p<0.05; ** p<0.01, *** p<0.001.
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In the consecutive study of the same population in 2013-14 (third batch), resistance to
amikacin, co-trimoxazole, ciprofloxacin and gentamicin was found in 13, 12, 11 and 8 of the
14 isolates in the LTC group respectively, while these numbers were 6, 11, 11 and 6 of the 18
isolates in the employment screening group. The difference in susceptibility also showed
when comparing only E. coli isolates; six and all of the seven isolates in the LTC group were
ciprofloxacin and amikacin resistant, respectively, while eleven were ciprofloxacin resistant
and six were amikacin resistant of the 18 E. coli isolates from the employment screening
group (Figure 6). Similarly to the first batch, all isolates were negative for ant(2°)-la, armA,
rmtA and rmtB genes. The genes aac(3’)-1la and aac(6’)-1b were more dominant in the LTC
group than in the employment screening group (10/14 vs. 2/18, p<0.001 and 5/14 vs. 0/18,
p=0.001, respectively, Figure 7). This was also evident when comparing only E. coli isolates
from the two groups (5/7 vs. 2/18, p=0.007 and 3/7 vs. 0/18, p=0.015, respectively).

In the second batch, resistance rates to ciprofloxacin and aminoglycosides were significantly
higher among adults both in ICUs and non-ICUs than among children, outpatients and
screened students (p<0.001; Figure 8). The genes aac(3’)-lla and aac(6’)-lb were more
frequent in adults (p<0.001), while in children aph(3’)-la was found more frequently
(p<0.001, Figure 9). Resistance to ciprofloxacin and to aminoglycoside antibiotics correlated
with the presence of blactx-m-15 gene (r=0.42-0.54; p<0.001). K. pneumoniae showed
significantly higher resistance to all antibiotics tested than E. coli (p<0.001), ertapenem
resistance (altogether thirteen isolates: six, four, two and one isolate from adult-ICU,
pediatric-ICU, adult non-ICU and rehabilitation ward, respectively) and rmtA (one isolate
from adult non-ICU) was detected only in K. pneumoniae from inpatients. The genes aac(3’)-
Ila, aac(6’)-1b and ant(3”)-la were also significantly more frequent in K. pneumoniae
(p<0.001). In case of E. coli isolates, resistance rates to ciprofloxacin and aminoglycosides

were significantly higher in extraintestinal pathogenic than in commensal strains (p<0.004).
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5.4. Characterization of integrons

In the first batch, class 1 integrons were found more frequently than class 2 integrons (55.6%
and 6.3%, respectively, p<0.001).The carriage rate of class 1 integrons was significantly
higher in the E. coli from the employment screening group than from the LTC group (68.2%,
15/22 vs. 28.6%, 6/21; p=0.010). The majority of K. pneumoniae carried a class 1 integron
with a single ant(3’)-1b gene. Class 2 integrons were found in four of the isolates (three
among the LTC group and one in an isolate for employment screening); of these, two E. coli
isolates harboured both integron types (one isolate was from the LTC group and the other
from the employment screening group). Carriage of class 1 integrons in E. coli was correlated
negatively with carriage of blactx-m-15. Seven (Figure 10 and 11) and two different gene
cassette arrays (dfrAl-sat2-ant(3”)-la and sat2-ant(3”)-1a) were identified amongst the class
1 and 2 integrons, respectively. These arrays did not show any association with the ESBL
gene carried or the study group of origin.

Overall carriage rate of class 1 and 2 integrons in the same population group in 2013-14
(third batch), was 40.6% (13/32) and 9.4% (3/32) respectively. Similar to the first batch class
1 integrons were found more frequently than class 2 integrons (p=0.008).Class 1 integrons
were detected in four K. pneumoniae and three E. coli from the LTC group, while in six of E.
coli isolates from the employment screening group; gene cassette arrays are shown in Figure
10 and 11. Class two integrons were found in two E. coli with a uniform gene cassette array
of dfrAl-sat2-ant(3”)-la (one from the LTC group and two from the employment screening
group).

In the second batch, class 1 and 2 integrons were found in 74.5% (275/369) and 4.1%
(15/369) of isolates, respectively. Carriage of class 1 integrons was significantly more
frequent in K. pneumoniae than in E. coli (81.1%, 150/185 vs. 68.7%, 123/179; p=0.006);

and in isolates from adults than in isolates from children both in ICU and non-I1CU (79.6%
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and 85.8% vs. 53.5% and 61.4%, respectively; p=0.018 to p<0.001). Rates of integron
carriage were comparable between inpatients and outpatients. A single class 2 integron (sat2-
ant(3”)-1a) as well as nine different class 1 integrons (Figure 10, 11) were identified, their

distribution among the different study groups is shown in Figure 11.
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Figure 10. Schematic representation of the various gene cassette arrangements found in class
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5.5. Phylogrouping of E. coli and analysis of virulence genes

Phylogenetic analysis in the first batch showed that the majority of the isolates belonged to
group A (46.5%). Group B2, B1 and D were found for 25.6%, 23.3% and 4.6% of the strains,
respectively (Figure 12). The commensal E. coli phylogroup A was more frequent in the
employment screening group (14/22 vs. 6/21; p=0.021), while the pathogenic phylogroup B2
was more frequent in the LTC applicants (9/21 vs. 2/22; p=0.016). All phylogroup B2
isolates belonged to the blacTtx-m-15 producer O25b:ST131 pandemic clone. None of the
isolates belonged to the enterovirulent pathogroups. Distribution of the tested extraintestinal
virulence genes according to phylogroup is shown in Table 7. Isolates associated with
pathogenic phylogroups (group B2 and D) showed a higher prevalence of the genes kpsMT 11
(p=0.002) and fyuA (p<0.001) than those from commensal phylogroups (group A and B1).
The genes sfaS, cnfl, ibeA, sfa/focDE and PAI were completely absent from the commensal
isolates. The comparison E. coli isolates in two groups yielded similar results, but only the
prevalence of PAI was significantly higher among the LTC group (p=0.001). Virulence

factor patterns were not linked to the type of ESBL gene carried.

57



Number of positive isolates per phylogroup
Gene
A (n=20) | B1(n=10) | B2 (n=11) | D (n=2) Total (n=43)
iutA 6 6 8 1 21 (48.8%)
papC 1 2 3 1 7 (16.3%)
KpsMT I 5 1 8 1 15 (34.9%)
fyuA 3 4 10 1 18 (41.9%)
sfaS 0 0 3 0 3 (7.0%)
cvaC 5 6 4 0 15 (34.9%)
traT 9 10 9 1 29 (67.4%)
cnfl 0 0 2 0 2 (4.6%)
ibeA 0 0 3 0 3 (7.0%)
sfa/focDE 0 0 3 0 3 (7.0%)
PAI 0 0 10 1 11 (25.6%)
fimH 15 10 11 2 38 (88.4%)
CsgA 19 10 2 1 32 (74.4%)

Table 7. Distribution of virulence genes according to E. coli phylogenetic groups
(paper 1).

Phylogroup distribution for the same population studied in 2013-14 (third batch) is shown in
Figure 12. In the employment screening group from the third batch, phylogroup B2 became
significantly more dominant than in the first batch (44.4% vs. 9.1%; p=0.025), while in the
LTC group, phylogroup D was found more frequently (42.9% vs. 4.8%; p=0.038). All
phylogroup B2 isolates in both groups belonged to the blacTx-m-15 producer O25b:ST131

pandemic clone.
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Figure 12. Comparison of the distribution of the phylogroups of E. coli isolates in the
two groups of individuals in 2009-10 and 2013-14 (paper I and I11).

Distribution of E. coli isolates among the four phylogroups in the second batch is shown in
Table 8. Among inpatients, pathogenic phylogroups B2 and D were more common in adults,
(p<0.001), while phylogroup B1 and A were more frequently found in children (p<0.001).
We observed lower proportion of pathogenic phylogroups among pediatric non-ICU as
compared to adult non-1CU. Clone ST131 was detected in 95.6.0% (43/45) of the phylogroup
B2 isolates harbouring blactx-m-15. A single phylogroup B1 isolate from pediatric non-ICU,

carried an eae gene, thus proved to be an enteropathogenic E. coli.
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A (n=27) B1 (n=31) | B2 (n=45) | D (n=76)
Adult ICU 1 3 4 4
Adult non-ICU 3 13 20 45
Pediatric ICU 6 4 3 5
Pediatric non-ICU 7 8 9 10
Rehabilitation 3 0 2 3
Outpatients 6 1 4 5
Screened medical students 1 2 3 4

Table 8. Distribution of E. coli isolates among the four phylogenetic groups (paper
I1). ICU:intensive care unit.

5.6. Genetic diversity (paper I)

The result of ERIC-PCR (Figure 13) and PFGE (Figure 14; D=0.99 and 0.96, respectively)
showed that the genetic diversity among E. coli isolates was high. One isolate was not
typeable with ERIC-PCR but its PFGE analysis was successful. The diversity of E. coli
between the two groups was comparable both with ERIC-PCR and PFGE analysis (D=0.99
vs. 0.99 and D=0.94 vs. 0.95, respectively). Isolates in the same cluster were not uniform
considering ESBL genes and carriage of integrons. In contrast, K. pneumoniae isolates were
markedly less diverse, both with ERIC-PCR (Figure 15) and PFGE (Figure 16; D=0.58 and
0.31, respectively); a PFGE clone containing 15 of the 18 isolates was detected. Notably, one

of the distinct isolates was the carbapenem nonsusceptible isolate.
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Figure 13. Dendrogram generated from macrorestriction patterns of the E.

coli isolates (ERIC-PCR).
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Figure 14. Dendrogram generated from macrorestriction patterns of the E. coli isolates
(PFGE, paper ).
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Figure 15. Dendrogram generated from macrorestriction patterns of K.

pneumoniae isolate (ERIC-PCR).
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Figure 16. Dendrogram generated from macrorestriction patterns of

K. pneumoniae isolate (PFGE, paper I).
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5.7. Prevalence of ESBL-infected patients and antibiotic consumption (temporal
patterns of carriage dynamics, paper I1)

Among patients (in the second batch), trend analysis of monthly prevalences revealed two
stages within the study period. Between October 2010 and October 2011 carriage rates
showed increasing tendency, while during the second part (from November 2011 to February
2013) it oscillated around a level; this applies both to E. coli and K. pneumoniae. Prevalence
in adults showed an increasing trend in both stages, but in pediatric patients the initial rise
was followed by a decreasing tendency. An increasing trend was observed initially both in
ICUs and non-ICUs, followed by a decrease in the ICUs, while by oscillation around a level
in non-1CUs. The proportion of CTX-M producers among K. pneumoniae steadily increased
throughout the study, but among E. coli the initial decrease was followed by an increasing
trend both in colonized and infected individuals.

According to time-series models and Granger causality, infected patients are more likely to
be sources for carriage than carriers for infections; carriage of K. pneumoniae Granger-
caused infection only in adults, while carriage of E. coli only in children (Table 9).

For K. pneumoniae, the effect of infections manifested with longer lags than for E. coli; in
composite models only the effect of adults and K. pneumoniae infections was significant on
ESBL carriage. K. pneumoniae infections predicted carriage in adults as well as in children,

the effect of E. coli infections was only significant in adult carriage (Table 10).
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Prevalence of
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pneumoniae
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Table 9. Results of the dynamic regression models with multiple regressors (paper I1). Probabilities representing significant differences
are shaded.

68



For K. pneumoniae, the effect of infections manifested with longer lags than for E. coli; in
composite models only the effect of adults and K. pneumoniae infections was significant on
ESBL carriage. K. pneumoniae infections predicted carriage in adults as well as in children,

the effect of E. coli infections was only significant in adult carriage (Table 10).
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Table 10. Results of the dynamic regression models with multiple regressors (paper I1). Probabilities representing significant differences

are shaded.
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6. Discussion

ESBL producers rapidly spread worldwide since their discovery in the early 1980s. Several
shifts in species and gene distribution occurred since the first discovery of these enzymes.
Initially TEM and SHV type ESBLs were dominant enzymes produced mainly by
K.pneumoniae, then the emergence of pandemic clones of K. pneumoniae producing CTX-M
enzymes and now the emergence of CTX-M-15-producing E. coli is a major concern in both
hospital and community settings, however epidemiological studies of ESBL producing
bacteria may provide data for the evaluation, management and planning of services for the
prevention, control and treatment as well.

There are many reports of asymptomatic carriage of ESBL-producers both in hospital patients
(De Champs et al., 1989; Hollander et al., 2001; Schoevaerdts et al., 2012) and healthy
individuals (Franiczek et al., 2003; Kader et al., 2007). It is obvious that the prevalence of
ESBL-producers differs markedly between countries. The prevalence of faecal carriage in
communities in Europe ranges from 0.6% to 11.6% (Woerther et al., 2013). The highest
carriage rate (11.6%) observed among patients upon admission to a geriatric unit in Belgium
(Schoevaerdts et al., 2012). At the time we began our studies, almost no data available on
asymptomatic carriage of ESBLs in Hungary. In our first study (2009-10), we found that the
prevalence of ESBL-producers among healthy individuals in the employment screening
group was low (2.0%), which was comparable to other European studies conducted on
healthy individuals (Geser et al., 2012b; Stromdahl et al., 2011). However, higher prevalence
in the LTC group observed (7.2%), and the rate was closer to the prevalences reported in our
hospitalized patients (7.4%) and in other studies examining hospitalized asymptomatic
carriers (Rodriguez-Bano et al., 2008; Schoevaerdts et al., 2012). The higher rate in the LTC
group is likely to reflect the effect of previous hospitalizations since the average age was

higher in this group, and their application for long-term care indicates poor health in the
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majority of them. This is also supported by the fact that ESBL carriage may last for several
months (Birgand et al., 2013; Tham et al., 2012). The carriage rate in the employment
screening group most probably corresponds to the actual rate in the community. Most of
these individuals work in hospitals, food processing industries and day-care units, where
there is a high transmission risk of pathogens. The high proportion of asymptomatic carriers
in the community leads to an increase in number of carriers as a consequence of human-to-
human transmission of resistant bacteria or through environment (e.g. food) (Geser et al.,
2012a; Levin, 2001) and the admission of carriers harbouring resistant bacteria to hospitals
increase the risk of nosocomial infection (Bonten et al., 1998; Harris et al., 2004). These
colonized individuals may act as a source of ESBLs for clinical strains through horizontal
gene transfer, or as direct source of ESBL-producers, consequently may become initiators of
outbreak (e.g. a nurse in a hospital ward).

The employment screening group and the LTC group also differed regarding the ESBL-
producing species carried as well as regarding the diversity of ESBL genes. We found high
diversity of carried ESBL genes in the employment screening group, with a significant
number of genes other than blacrx-m-15, while in both E. coli and K. pneumoniae isolates from
the LTC group, blacTx-m-15 was dominant in 2009-2010. K. pneumoniae, which was absent in
the employment screening group, showed higher co-resistance, as expected (Hansen et al.,
2012). In E. coli from the LTC group co-resistance profile was more similar to that of K.
pneumoniae, than to E. coli from the employment screening group. This was also reflected in
distribution of the aminoglycoside modifying enzyme gene patterns with more frequent
carriage of aac(6’)-Ib gene associated with blactx-m-15 in the LTC group, but the dominance
of ant(3’)-1a in E. coli isolates from the employment screening group, which is in agreement
with other studies which reported the ant(3’)-1a as a frequently found gene in the intestinal E.

coli of healthy individuals and animals as well (Diarra et al., 2007; Gow et al., 2008; Skurnik
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et al., 2005). The higher rate of co-resistance and higher frequency of aac(6’)-lb in E. coli
isolates in the LTC group might be related to the dominance of phylogroup B2 (pathogenic
phylogroup) which belonged to the blactx-m-15s producer O25b:ST131 pandemic clone,
commonly found as a cause for ESBL-related infection in the hospital as well as in the
community. These results suggest the ESBL-producing isolates in the LTC group originate
from the hospital microbiota, whereas the colonization of individuals in the employment
screening group may also originate from different environmental sources. Besides the
exportation of hospital-derived strains either through colonized patients after hospital
discharge or through hospital workers, the source of blaskwv may be the horizontal gene
transfer from exported K. pneumoniae isolates (Coque et al., 2002; Doi et al., 2012; Tellevik
et al., 2007), whereas for blacrx-m other than blacrx-m-15, livestock and animal-derived food
(Geser et al., 2012a; Hille et al., 2014; Toth et al., 2013), companion animals (Carattoli et al.,
2005; Wieler et al., 2011), wild animals (Bonnedahl et al., 2009; Literak et al., 2010), surface
water (Tacao et al., 2014), drinking water (De Boeck et al., 2012) are also potential sources,
either by direct transfer of the resistant bacteria or by the horizontal transfer of resistance
plasmids to human commensal E. coli. The assumption of diverse environmental sources for
colonization with ESBL-producers in the employment screening group is supported by high
frequency of blacTx-m-1 genes which is in accordance with high frequency of the same gene in
E. coli isolates of animal origin in Hungary (Toth et al., 2013), in E. coli isolates of water
birds in Poland (Literak et al., 2010) and in samples of food producing animals and raw milk
in Switzerland (Geser et al., 2012a). Similarly, frequent occurrence of blacTtx-m-2, blactx-m-s,
blacTx-m-14 (belonging to blactx-m-o-group) and blacrx-m-32 in E. coli isolates of food animals
(Bortolaia et al., 2011; Ferreira et al., 2014; Liao et al., 2015; Toth et al., 2013), points to a
possible zoonotic dissemination of certain ESBL-producing E. coli strains (Bonnedahl et al.,

2009; Overdevest et al., 2011).
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We hypothesized different sources of colonization with ESBL-producers in case of healthy
individuals screened for employment purposes and for the LTC group in 2009-10. This
hypothesis was also supported by the result of outpatients and screened medical students in
our other study conducted in 2010-13. Carriage rates in these groups were comparable with
the rate reported among healthy individuals.

The prevalence of faecal carriage of ESBL producers in the employment screening remained
the same (2.0% vs. 2.3%) in the study repeated in 2013-14 in same population. However, in
the LTC group we observed a slightly lower prevalence rate than our previous study (7.2%
vs. 5.3%, statistically comparable). Though the change in the prevalence is small, significant
differences were found in the gene distribution in the employment screening group. The high
gene diversity in the employment screening group in 2009-10 disappeared in 2013-14 and all
isolates were CTX-M producers, with a marked dominance of blactx-m-15 in both groups. In
the employment screening group the prevalence of blactx-m-15 increased significantly, and
almost all other blactx-m genes disappeared.

This change was paralleled by the high frequency of ciprofloxacin and amikacin resistance,
and high carriage of aac(6’)-lb and aac(3’)-1la, similar to other studies where this co-
resistance and these genes are commonly associated with blacrtx-v-15 gene (Hansen et al.,
2012; Pitout et al., 2004a). These results point to the emergence of blactx-15 producing E. coli
in asymptomatic individuals (i.e. individuals in the employment screening group), this
suggests that ESBL-producers which were characterized by different colonization sources are
being replaced by highly successful blacTx-m-15 producing strains. A possible explanation for
this shift is that there is a high frequency of phylogroup B2 in the employment screening
group and is in parallel with the dominance of blacTx-m-15 in hospitalized patients in 2010-13
both in E. coli and K. pneumoniae which points to an exportation of pathogenic ST131 clone

carrying blactx-m-15 from hospital to the community and its spread within the community.
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This epidemiological shift closely mimics the change which took place in the UK a decade
earlier (Woodford et al., 2004).

The total prevalence of faecal carriage of ESBL-producing bacteria in the different inpatient
populations was comparable to other European studies (Miro et al., 2005; Woerther et al.,
2013) and close to that of the LTC group of the other two batches. However, adult inpatients
in 2010-13 showed significantly higher prevalence than applicants for LTC in both
consecutive studies, and this may suggest that a proportion of colonization may be transient.
There are few studies regarding the duration of faecal carriage of ESBL-producers, and based
on these findings, some people are transiently colonized, while others may remain colonized
from months to years (Alsterlund et al., 2012; Apisarnthanarak et al., 2008; Tham et al.,
2012). These carriers may be a source of exportation of ESBLs from one ward to other wards
or from the hospital to other hospitals through patient exchange as well as to the community
with patients discharged and may also spread further within households (Valverde et al.,
2008; Woerther et al., 2013). Among outpatients and screened medical students the
prevalences were comparable to the employment screening groups, reflecting the less
probable hospitalization history among outpatients and students (Geser et al., 2012b;
Stromdahl et al., 2011). Higher prevalence of ESBL-producers was found in non-Hungarian
students than in Hungarian students, who were mainly from African and Asian countries,
which was in agreement with the findings from Asia and Africa (Luvsansharav et al., 2012;
Tian et al., 2008; Woerther et al., 2013; Yoo et al., 2010). This again points out that
differences must exist between colonization risks in different geographical regions.

Among inpatient groups the prevalences were highly different. Highest prevalence was found
in the rehabilitation wards (27.1%), which was close to the studies conducted on patients in
long-term care facilities (Lim et al., 2014; Tinelli et al., 2012; Yoo et al., 2010). As expected

the prevalence in ICU patients was higher than in non-ICU patients. Among adults, carriers
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were more frequent than among children, even children in ICU wards showed lower
prevalence than adults in non-ICUs. This higher prevalence rate among patients in ICUs is
not surprising, as patients in ICUs are likely to have more risk factors (e.g. higher use of
invasive devices such as vascular and urinary catheters and broad-spectrum antimicrobials),
therefore there is a higher chance of transmission of resistant bacteria among patients (Sader
et al., 2014), and these reflecting that the risk of infection among patients in ICU wards is
higher (Benner et al., 2014; Sader et al., 2014). The lower prevalence in children either in
ICU or non-1CU wards may be explained by their lower age and lower probable frequency of
previous hospitalization.

Characterization of the ESBL genes revealed different distribution of ESBL genes among
inpatients especially between adult and pediatric patients. The differences in the distribution
of ESBL genes among adults and children may be explained by different probable source of
colonization. Most of the ESBL carriers from pediatrics represent patterns (higher diversity
of ESBL genes and higher number of E. coli) similar to employment screening group in
2009-10, and they are more likely to be imported to the hospital rather than acquired in a
hospital-based manner. It is a conceivable hypothesis that the ESBL producing isolates were
already present in intestinal flora of children before admission into hospital and there is lower
chance that they are nosocomially acquired than in case of adults. Childhood curiosity and
occasional neglect of avoidance of dirt may be the cause that a proportion of ESBL producers
carried by children seems to be linked to environmental sources. In adults most carriers
seemed to be of hospital-based colonization, similar to ESBL colonization among the LTC
group in 2009-10 and in 2013-14 (higher proportion K. pneumoniae, higher frequency of
blactx-m-15 and lower diversity of ESBL genes).

This was also supported by time-series analysis where infections Granger-caused

colonization in case of adults but not in case of children. This assumption is supported by low
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frequency of pathogenic phylogroups among E. coli from pediatric non-1ICU in comparison
with adult non-ICU, as was the case for healthy individuals in 2009-10. ESBL-producing K.
pneumoniae are usually clonal and show higher co-resistance rate (Damjanova et al., 2008;
Webster et al., 2011). K. pneumoniae is a typical nosocomial pathogen and colonization with
these bacteria is a hospital-based acquisition. Based on time-series analysis, carriage rate of
ESBL-producing K. pneumoniae is influenced more strongly by infection rates and the effect
of infections manifested with longer time lags than in case of E. coli. Time-series analysis
also demonstrated that adults carriage of ESBL-producers seems to be the consequence of
infection, especially in ICUs (where K. pneumoniae were more frequently found). We found
higher rate of integron carriage in K. pneumoniae isolates from adult patients which indicates
that these integrons are widely present in ESBL-producers and may be considered as an
important factor in development of multidrug resistant strains. Regarding species, K.
pneumoniae carried integrons more frequently than E. coli, which is in parallel with a higher
co-resistance rate and higher frequency of two aminoglycoside modifying enzyme genes,
aac(3’)-lla and aac(6’)-1b in K. pneumoniae,. Beside this, carbapenem resistance and rmtA
gene were only detected in K. pneumoniae.

These differences may suggest the different epidemiology of ESBL carriage not only in two
species, but among adults and pediatric patients. In some studies it has been shown that the
use of third generation cefalosporins and fluoroquinolones increases the infection incidence
with ESBL-producers (Aldeyab et al., 2012; Kang et al., 2012; Toth et al., 2014); however, in
our study the effect of antibiotic consumption was very limited on either colonization or
infection with ESBL-producers. The reason for this may originate from the intensive usage of
carbapenems and consequent deacresed prevalence of infections due to ESBL producers, in
the period of our study. It is a tempting hypothesis that infection and consequent colonization

driven by antibiotic consumption earlier is now may be replaced by a relatively stable
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endemic-like presence of a few established strains. This would explain why this study did not
demonstrate a strong link between antibiotic consumption and prevalence of either infections
and colonization with ESBL producers.

In conslusion, a clear difference between dynamics of community-based and hospital-based
colonization was found, as suggested by differences in carrier species, ESBL gene diversity
and co-resistance patterns. The basis of carriage in the community seems to be exportation
from the hospital, which is characterized by establishment of hospital-derived clones in the
healthy carriers and replacement of the diverse environment-derived strains. Colonization of
children seems to derive more from environmental sources, emphasizing the importance of
community transmission from family members or from healthy individuals in daycare or in

food processing especially in their case.
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7. Summary

In summary, our results denote the importance of the intestinal tract as a reservoir for ESBL-
producers both in the community and in the hospital settings. Besides being able to serve as
outbreak sources directly, they may also act as resistance gene reservoirs. The study draws
attention to the different epidemiology of colonization with ESBL-producers in both hospital
and community. Sources of colonization in the employment screening group in 2009-10,
outpatients, screened medical students and pediatric patients in 2010-13, seem to involve
environment-based besides nosocomial sources. In contrast, it was shown that colonization
precedes infection in case of adults and they are more likely to acquire colonizer strains in the
hospital. Intestinal colonization by these organisms among pediatric patients, can be a source
for influx of ESBL determinants into the hospital settings and can represent a risk factor for
colonization as well as infection of other hospitalized patients and health workers. We found
a marked decrease of diversity in ESBL genes among the employment screening group in
2013-14. This suggests that ESBL-producers originating from different sources in 2009-10,
have been replaced by highly successful blacrx-m-15 producing E. coli. This was in line with
our observation of the increase in the importance of blactx-m-15 gene in both E. coli and K.
pneumoniae in 2010-13. The reason might be related to the exportation of blactx-m-15
producing E. coli, with majority belonged to phylogroup B2, from hospital to the community,

and consequently further spread within the community.

79



8. References

Abbot, S., 2011. Klebsiella, Enterobacter, Citrobacter, Serratia, Plesiomonas, and Other
Enterobacteriaceae. In: Versalovic J, Carroll K, Funke G, eds, Manual of Clinical
Microbiology. 10th edn. Washington DC, ASM Press 2011. p. 639-57.

Abraham, E.P., Chain, E., 1988. An enzyme from bacteria able to destroy penicillin. 1940.
Reviews of infectious diseases 10:677-8.

Afunwa, R.A., Odimegwu, D.C., Iroha, R.l., Esimone, C.O., 2011. Antimicrobial resistance
status and prevalence rates of extended spectrum beta-lactamase (ESBL) producers isolated
from a mixed human population. Bosnian journal of basic medical sciences / Udruzenje
basicnih mediciniskih znanosti = Association of Basic Medical Sciences 11:91-6.

Aldeyab, M.A., Harbarth, S., Vernaz, N., Kearney, M.P., Scott, M.G., Darwish Elhajji, F.W.,
Aldiab, M.A., McElnay, J.C., 2012. The impact of antibiotic use on the incidence and
resistance pattern of extended-spectrum beta-lactamase-producing bacteria in primary and
secondary healthcare settings. British journal of clinical pharmacology 74:171-9.

Alsterlund, R., Axelsson, C., Olsson-Liljequist, B., 2012. Long-term carriage of extended-
spectrum beta-lactamase-producing Escherichia coli. Scandinavian journal of infectious
diseases 44:51-4.

Ambler, R.P., 1980. The structure of beta-lactamases. Philosophical transactions of the Royal
Society of London. Series B, Biological sciences 289:321-31.

Apisarnthanarak, A., Bailey, T.C., Fraser, V.J., 2008. Duration of stool colonization in
patients infected with extended-spectrum beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae. Clinical infectious diseases : an official publication of the Infectious

Diseases Society of America 46:1322-3.

80



Arakawa, Y., Murakami, M., Suzuki, K., Ito, H., Wacharotayankun, R., Ohsuka, S., Kato, N.,
Ohta, M., 1995. A novel integron-like element carrying the metallo-beta-lactamase gene
blaIMP. Antimicrobial agents and chemotherapy 39:1612-5.

Badal, R.E., Bouchillon, S.K., Lob, S.H., Hackel, M.A., Hawser, S.P., Hoban, D.J., 2013.
Etiology, extended-spectrum beta-lactamase rates and antimicrobial susceptibility of gram-
negative bacilli causing intra-abdominal infections in patients in general pediatric and
pediatric intensive care units--global data from the Study for Monitoring Antimicrobial
Resistance Trends 2008 to 2010. The Pediatric infectious disease journal 32:636-40.
Bauernfeind, A., Grimm, H., Schweighart, S., 1990. A new plasmidic cefotaximase in a
clinical isolate of Escherichia coli. Infection 18:294-8.

Bedenic, B., Randegger, C.C., Stobberingh, E., Hachler, H., 2001. Molecular epidemiology
of extended-spectrum beta-lactamases from Klebsiella pneumoniae strains isolated in Zagreb,
Croatia. European journal of clinical microbiology & infectious diseases : official publication
of the European Society of Clinical Microbiology 20:505-8.

Ben-Ami, R., Rodriguez-Bano, J., Arslan, H., Pitout, J.D., Quentin, C., Calbo, E.S., Azap,
O.K., Arpin, C., Pascual, A., et al., 2009. A multinational survey of risk factors for infection
with extended-spectrum beta-lactamase-producing enterobacteriaceae in nonhospitalized
patients. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America 49:682-90.

Benner, K.W., Prabhakaran, P., Lowros, A.S., 2014. Epidemiology of infections due to
extended-spectrum Beta-lactamase-producing bacteria in a pediatric intensive care unit. The
journal of pediatric pharmacology and therapeutics : JPPT : the official journal of PPAG

19:83-90.

81



Birgand, G., Armand-Lefevre, L., Lolom, I., Ruppe, E., Andremont, A., Lucet, J.C., 2013.
Duration of colonization by extended-spectrum beta-lactamase-producing Enterobacteriaceae
after hospital discharge. American journal of infection control 41:443-7.

Blomberg, B., Jureen, R., Manji, K.P., Tamim, B.S., Mwakagile, D.S., Urassa, W.K., Fataki,
M., Msangi, V., Tellevik, M.G., et al., 2005. High rate of fatal cases of pediatric septicemia
caused by gram-negative bacteria with extended-spectrum beta-lactamases in Dar es Salaam,
Tanzania. Journal of clinical microbiology 43:745-9.

Bogaerts, P., Galimand, M., Bauraing, C., Deplano, A., Vanhoof, R., De Mendonca, R.,
Rodriguez-Villalobos, H., Struelens, M., Glupczynski, Y., 2007. Emergence of ArmA and
RmtB aminoglycoside resistance 16S rRNA methylases in Belgium. The Journal of
antimicrobial chemotherapy 59:459-64.

Bojer, M.S., Struve, C., Ingmer, H., Hansen, D.S., Krogfelt, K.A., 2010. Heat resistance
mediated by a new plasmid encoded Clp ATPase, ClpK, as a possible novel mechanism for
nosocomial persistence of Klebsiella pneumoniae. PloS one 5:e15467.

Bonnedahl, J., Drobni, M., Gauthier-Clerc, M., Hernandez, J., Granholm, S., Kayser, Y.,
Melhus, A., Kahlmeter, G., Waldenstrom, J., et al., 2009. Dissemination of Escherichia coli
with CTX-M type ESBL between humans and yellow-legged gulls in the south of France.
PloS one 4:e5958.

Bonnet, R., 2004. Growing group of extended-spectrum beta-lactamases: the CTX-M
enzymes. Antimicrobial agents and chemotherapy 48:1-14.

Bonten, M.J., Slaughter, S., Ambergen, A.W., Hayden, M.K., van Voorhis, J., Nathan, C.,
Weinstein, R.A., 1998. The role of "colonization pressure™ in the spread of vancomycin-
resistant enterococci: an important infection control variable. Archives of internal medicine

158:1127-32.

82



Bortolaia, V., Larsen, J., Damborg, P., Guardabassi, L., 2011. Potential pathogenicity and
host range of extended-spectrum beta-lactamase-producing Escherichia coli isolates from
healthy poultry. Applied and environmental microbiology 77:5830-3.

Bradford, P.A., 2001. Extended-spectrum beta-lactamases in the 21st century:
characterization, epidemiology, and detection of this important resistance threat. Clinical
microbiology reviews 14:933-51.

Braun, G., Vidotto, M.C., 2004. Evaluation of adherence, hemagglutination, and presence of
genes codifying for virulence factors of Acinetobacter baumannii causing urinary tract
infection. Memorias do Instituto Oswaldo Cruz 99:839-44.

Brown, H.J., Stokes, H.W., Hall, R.M., 1996. The integrons In0, In2, and In5 are defective
transposon derivatives. Journal of bacteriology 178:4429-37.

Brun-Buisson, C., Legrand, P., Philippon, A., Montravers, F., Ansquer, M., Duval, J., 1987.
Transferable enzymatic resistance to third-generation cephalosporins during nosocomial
outbreak of multiresistant Klebsiella pneumoniae. Lancet (London, England) 2:302-6.

Bush, K., 1989a. Classification of beta-lactamases: groups 1, 2a, 2b, and 2b'. Antimicrobial
agents and chemotherapy 33:264-70.

Bush, K., 1989b. Classification of beta-lactamases: groups 2c, 2d, 2e, 3, and 4. Antimicrobial
agents and chemotherapy 33:271-6.

Bush, K., Jacoby, G.A., 2010. Updated functional classification of beta-lactamases.
Antimicrobial agents and chemotherapy 54:969-76.

Bush, K., Jacoby, G.A., Medeiros, A.A., 1995. A functional classification scheme for beta-
lactamases and its correlation with molecular structure. Antimicrobial agents and
chemotherapy 39:1211-33.

Calbo, E., Freixas, N., Xercavins, M., Riera, M., Nicolas, C., Monistrol, O., Sole Mdel, M.,

Sala, M.R., Vila, J., et al., 2011. Foodborne nosocomial outbreak of SHV1 and CTX-M-15-

83



producing Klebsiella pneumoniae: epidemiology and control. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 52:743-9.

Canton, R., Coque, T.M., 2006. The CTX-M beta-lactamase pandemic. Current opinion in
microbiology 9:466-75.

Canton, R., Gonzalez-Alba, J.M., Galan, J.C., 2012. CTX-M Enzymes: Origin and Diffusion.
Frontiers in microbiology 3:110.

Canton, R., Novais, A., Valverde, A., Machado, E., Peixe, L., Baquero, F., Coque, T.M.,
2008. Prevalence and spread of extended-spectrum beta-lactamase-producing
Enterobacteriaceae in Europe. Clinical microbiology and infection : the official publication of
the European Society of Clinical Microbiology and Infectious Diseases 14 Suppl 1:144-53.
Carattoli, A., Lovari, S., Franco, A., Cordaro, G., Di Matteo, P., Battisti, A., 2005. Extended-
spectrum beta-lactamases in Escherichia coli isolated from dogs and cats in Rome, Italy, from
2001 to 2003. Antimicrobial agents and chemotherapy 49:833-5.

Castanheira, M., Farrell, S.E., Deshpande, L.M., Mendes, R.E., Jones, R.N., 2013. Prevalence
of beta-lactamase-encoding genes among Enterobacteriaceae bacteremia isolates collected in
26 U.S. hospitals: report from the SENTRY Antimicrobial Surveillance Program (2010).
Antimicrobial agents and chemotherapy 57:3012-20.

Castanheira, M., Mendes, R.E., Walsh, T.R., Gales, A.C., Jones, R.N., 2004. Emergence of
the extended-spectrum beta-lactamase GES-1 in a Pseudomonas aeruginosa strain from
Brazil: report from the SENTRY antimicrobial surveillance program. Antimicrobial agents
and chemotherapy 48:2344-5.

Chen, L.F., Chopra, T., Kaye, K.S., 2009. Pathogens resistant to antibacterial agents.
Infectious disease clinics of North America 23:817-45, vii.

Clermont, O., Bonacorsi, S., Bingen, E., 2000. Rapid and simple determination of the

Escherichia coli phylogenetic group. Applied and environmental microbiology 66:4555-8.

84



Clermont, O., Christenson, J.K., Denamur, E., Gordon, D.M., 2013. The Clermont
Escherichia coli phylo-typing method revisited: improvement of specificity and detection of
new phylo-groups. Environmental microbiology reports 5:58-65.

Clermont, O., Dhanji, H., Upton, M., Gibreel, T., Fox, A., Boyd, D., Mulvey, M.R,,
Nordmann, P., Ruppe, E., et al., 2009. Rapid detection of the O25b-ST131 clone of
Escherichia coli encompassing the CTX-M-15-producing strains. The Journal of
antimicrobial chemotherapy 64:274-7.

Collis, C.M., Kim, M.J., Partridge, S.R., Stokes, H.W., Hall, R.M., 2002. Characterization of
the class 3 integron and the site-specific recombination system it determines. Journal of
bacteriology 184:3017-26.

Coque, T.M., Baquero, F., Canton, R., 2008a. Increasing prevalence of ESBL-producing
Enterobacteriaceae in Europe. Euro surveillance : bulletin Europeen sur les maladies
transmissibles = European communicable disease bulletin 13.

Coque, T.M., Novais, A., Carattoli, A., Poirel, L., Pitout, J., Peixe, L., Baquero, F., Canton,
R., Nordmann, P., 2008b. Dissemination of clonally related Escherichia coli strains
expressing extended-spectrum beta-lactamase CTX-M-15. Emerging infectious diseases
14:195-200.

Coque, T.M., Oliver, A., Perez-Diaz, J.C., Baquero, F., Canton, R., 2002. Genes encoding
TEM-4, SHV-2, and CTX-M-10 extended-spectrum beta-lactamases are carried by multiple
Klebsiella pneumoniae clones in a single hospital (Madrid, 1989 to 2000). Antimicrobial
agents and chemotherapy 46:500-10.

Cordery, R.J., Roberts, C.H., Cooper, S.J., Bellinghan, G., Shetty, N., 2008. Evaluation of
risk factors for the acquisition of bloodstream infections with extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella species in the intensive care unit;

antibiotic management and clinical outcome. The Journal of hospital infection 68:108-15.

85



Cornejo-Juarez, P., Vilar-Compte, D., Perez-Jimenez, C., Namendys-Silva, S.A., Sandoval-
Hernandez, S., Volkow-Fernandez, P., 2015. The impact of hospital-acquired infections with
multidrug-resistant bacteria in an oncology intensive care unit. International journal of
infectious diseases : IJID : official publication of the International Society for Infectious
Diseases 31:31-4.

Correia, M., Boavida, F., Grosso, F., Salgado, M.J., Lito, L.M., Cristino, J.M., Mendo, S.,
Duarte, A., 2003. Molecular characterization of a new class 3 integron in Klebsiella
pneumoniae. Antimicrobial agents and chemotherapy 47:2838-43.

Cosgrove, S.E., Carmeli, Y., 2003. The impact of antimicrobial resistance on health and
economic outcomes. Clinical infectious diseases : an official publication of the Infectious
Diseases Society of America 36:1433-7.

Damjanova, I., Toth, A., Kenesei, E., Kohalmi, M., Szantai, P., Fuzi, M., Paszti, J., 2011.
Dissemination of ST274 Klebsiella pneumoniae epidemic clone in newborn and adult
hospital settings harbouring SHV-2A or CTX-M-15 type extended spectrum beta-lactamases-
producing known plasmids. European journal of microbiology & immunology 1:223-7.
Damjanova, I., Toth, A., Paszti, J., Bauernfeind, A., Fuzi, M., 2006. Nationwide spread of
clonally related CTX-M-15-producing multidrug-resistant Klebsiella pneumoniae strains in
Hungary. European journal of clinical microbiology & infectious diseases : official
publication of the European Society of Clinical Microbiology 25:275-8.

Damjanova, I., Toth, A., Paszti, J., Hajbel-Vekony, G., Jakab, M., Berta, J., Milch, H., Fuzi,
M., 2008. Expansion and countrywide dissemination of ST11, ST15 and ST147
ciprofloxacin-resistant CTX-M-15-type beta-lactamase-producing Klebsiella pneumoniae
epidemic clones in Hungary in 2005--the new 'MRSAs? The Journal of antimicrobial

chemotherapy 62:978-85.

86



Damjanova, I., Toth, A., Paszti, J., Jakab, M., Milch, H., Bauernfeind, A., Fuzi, M., 2007.
Epidemiology of SHV-type beta-lactamase-producing Klebsiella spp. from outbreaks in five
geographically distant Hungarian neonatal intensive care units: widespread dissemination of
epidemic R-plasmids. International journal of antimicrobial agents 29:665-71.

Datta, N., Kontomichalou, P., 1965. Penicillinase synthesis controlled by infectious R factors
in Enterobacteriaceae. Nature 208:239-41.

Dayan, N., Dabbah, H., Weissman, 1., Aga, I., Even, L., Glikman, D., 2013. Urinary tract
infections caused by community-acquired extended-spectrum beta-lactamase-producing and
nonproducing bacteria: a comparative study. The Journal of pediatrics 163:1417-21.

De Boeck, H., Miwanda, B., Lunguya-Metila, O., Muyembe-Tamfum, J.J., Stobberingh, E.,
Glupczynski, Y., Jacobs, J., 2012. ESBL-positive Enterobacteria isolates in drinking water.
Emerging infectious diseases 18:1019-20.

De Champs, C., Sauvant, M.P., Chanal, C., Sirot, D., Gazuy, N., Malhuret, R., Baguet, J.C.,
Sirot, J., 1989. Prospective survey of colonization and infection caused by expanded-
spectrum-beta-lactamase-producing members of the family Enterobacteriaceae in an intensive
care unit. Journal of clinical microbiology 27:2887-90.

Deng, Y., Bao, X,, Ji, L., Chen, L., Liu, J., Miao, J., Chen, D., Bian, H., Li, Y., et al., 2015.
Resistance integrons: class 1, 2 and 3 integrons. Annals of clinical microbiology and
antimicrobials 14:45.

Diarra, M.S., Silversides, F.G., Diarrassouba, F., Pritchard, J., Masson, L., Brousseau, R.,
Bonnet, C., Delaquis, P., Bach, S., et al., 2007. Impact of feed supplementation with
antimicrobial agents on growth performance of broiler chickens, Clostridium perfringens and
enterococcus counts, and antibiotic resistance phenotypes and distribution of antimicrobial
resistance determinants in Escherichia coli isolates. Applied and environmental microbiology

73:6566-76.

87



Doi, Y., Adams-Haduch, J.M., Peleg, A.Y., D'Agata, E.M., 2012. The role of horizontal gene
transfer in the dissemination of extended-spectrum beta-lactamase-producing Escherichia coli
and Klebsiella pneumoniae isolates in an endemic setting. Diagnostic microbiology and
infectious disease 74:34-8.

Duarte, A., Boavida, F., Grosso, F., Correia, M., Lito, L.M., Cristino, J.M., Salgado, M.J.,
2003. Outbreak of GES-1 beta-lactamase-producing multidrug-resistant Klebsiella
pneumoniae in a university hospital in Lisbon, Portugal. Antimicrobial agents and
chemotherapy 47:1481-2.

Dubois, V., Poirel, L., Marie, C., Arpin, C., Nordmann, P., Quentin, C., 2002. Molecular
characterization of a novel class 1 integron containing bla(GES-1) and a fused product of
aac3-1b/aac6'-Ib' gene cassettes in Pseudomonas aeruginosa. Antimicrobial agents and
chemotherapy 46:638-45.

Edelstein, M., Pimkin, M., Palagin, 1., Edelstein, I., Stratchounski, L., 2003. Prevalence and
molecular epidemiology of CTX-M extended-spectrum beta-lactamase-producing
Escherichia coli and Klebsiella pneumoniae in Russian hospitals. Antimicrobial agents and
chemotherapy 47:3724-32.

Ewers, C., Grobbel, M., Stamm, 1., Kopp, P.A., Diehl, I., Semmler, T., Fruth, A., Beutlich, J.,
Guerra, B., et al., 2010. Emergence of human pandemic 025:H4-ST131 CTX-M-15
extended-spectrum-beta-lactamase-producing Escherichia coli among companion animals.
The Journal of antimicrobial chemotherapy 65:651-60.

Ferreira, J.C., Penha Filho, R.A., Andrade, L.N., Berchieri, A., Jr., Darini, A.L., 2014.
Incl1/ST113 and Incl1/ST114 conjugative plasmids carrying blaCTX-M-8 in Escherichia coli

isolated from poultry in Brazil. Diagnostic microbiology and infectious disease 80:304-6.

88



Flaherty, J.P., Weinstein, R.A., 1996. Nosocomial infection caused by antibiotic-resistant
organisms in the intensive-care unit. Infection control and hospital epidemiology : the official
journal of the Society of Hospital Epidemiologists of America 17:236-48.

Frana, T.S., Carlson, S.A., Griffith, R.W., 2001. Relative distribution and conservation of
genes encoding aminoglycoside-modifying enzymes in Salmonella enterica serotype
typhimurium phage type DT104. Applied and environmental microbiology 67:445-8.
Franiczek, R., Sobieszczanska, B., Grabowski, M., Mowszet, K., Pytrus, T., 2003.
Occurrence of extended-spectrum beta-lactamases among Escherichia coli isolates from
hospitalized and healthy children. Folia microbiologica 48:243-7.

Geser, N., Stephan, R., Hachler, H., 2012a. Occurrence and characteristics of extended-
spectrum beta-lactamase (ESBL) producing Enterobacteriaceae in food producing animals,
minced meat and raw milk. BMC veterinary research 8:21.

Geser, N., Stephan, R., Korczak, B.M., Beutin, L., Hachler, H., 2012b. Molecular
identification of extended-spectrum-beta-lactamase genes from Enterobacteriaceae isolated
from healthy human carriers in Switzerland. Antimicrobial agents and chemotherapy
56:1609-12.

Gillings, M.R., 2014. Integrons: past, present, and future. Microbiology and molecular
biology reviews : MMBR 78:257-77.

Gillings, M.R., Xuejun, D., Hardwick, S.A., Holley, M.P., Stokes, H.W., 2009. Gene
cassettes encoding resistance to quaternary ammonium compounds: a role in the origin of
clinical class 1 integrons? The ISME journal 3:209-15.

Giske, C.G., Sundsfjord, A.S., Kahlmeter, G., Woodford, N., Nordmann, P., Paterson, D.L.,
Canton, R., Walsh, T.R., 2009. Redefining extended-spectrum beta-lactamases: balancing

science and clinical need. The Journal of antimicrobial chemotherapy 63:1-4.

89



Gold, H.S., Moellering, R.C., Jr., 1996. Antimicrobial-drug resistance. The New England
journal of medicine 335:1445-53.

Gow, S.P., Waldner, C.L., Harel, J., Boerlin, P., 2008. Associations between antimicrobial
resistance genes in fecal generic Escherichia coli isolates from cow-calf herds in western
Canada. Applied and environmental microbiology 74:3658-66.

Hammer, Q., Harper ,D.A.T., Ryan ,P.D., 2005. PAST: paleontological statistics software
package for education and data analysis, v1.34.

Hannecart-Pokorni, E., Depuydt, F., de wit, L., van Bossuyt, E., Content, J., Vanhoof, R.,
1997. Characterization of the 6'-N-aminoglycoside acetyltransferase gene aac(6')-Im
[corrected] associated with a sull-type integron. Antimicrobial agents and chemotherapy
41:314-8.

Hansen, D.S., Schumacher, H., Hansen, F., Stegger, M., Hertz, F.B., Schonning, K., Justesen,
U.S., Frimodt-Moller, N., 2012. Extended-spectrum beta-lactamase (ESBL) in Danish
clinical isolates of Escherichia coli and Klebsiella pneumoniae: prevalence, beta-lactamase
distribution, phylogroups, and co-resistance. Scandinavian journal of infectious diseases
44:174-81.

Hansson, K., Sundstrom, L., Pelletier, A., Roy, P.H., 2002. Intl2 integron integrase in Tn7.
Journal of bacteriology 184:1712-21.

Harbottle, H., Thakur, S., Zhao, S., White, D.G., 2006. Genetics of antimicrobial resistance.
Animal biotechnology 17:111-24.

Harris, A.D., Kotetishvili, M., Shurland, S., Johnson, J.A., Morris, J.G., Nemoy, L.L.,
Johnson, J.K., 2007a. How important is patient-to-patient transmission in extended-spectrum
beta-lactamase Escherichia coli acquisition. American journal of infection control 35:97-101.
Harris, A.D., Nemoy, L., Johnson, J.A., Martin-Carnahan, A., Smith, D.L., Standiford, H.,

Perencevich, E.N., 2004. Co-carriage rates of vancomycin-resistant Enterococcus and

90



extended-spectrum beta-lactamase-producing bacteria among a cohort of intensive care unit
patients: implications for an active surveillance program. Infection control and hospital
epidemiology : the official journal of the Society of Hospital Epidemiologists of America
25:105-8.

Harris, A.D., Perencevich, E.N., Johnson, J.K., Paterson, D.L., Morris, J.G., Strauss, S.M.,
Johnson, J.A., 2007b. Patient-to-patient transmission is important in extended-spectrum beta-
lactamase-producing Klebsiella pneumoniae acquisition. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 45:1347-50.

Hawkey, P.M., 2008. The growing burden of antimicrobial resistance. The Journal of
antimicrobial chemotherapy 62 Suppl 1:i1-9.

Heininger, A., Binder, M., Schmidt, S., Unertl, K., Botzenhart, K., Doring, G., 1999. PCR
and blood culture for detection of Escherichia coli bacteremia in rats. Journal of clinical
microbiology 37:2479-82.

Herindrainy, P., Randrianirina, F., Ratovoson, R., Ratsima Hariniana, E., Buisson, Y., Genel,
N., Decre, D., Arlet, G., Talarmin, A., et al., 2011. Rectal carriage of extended-spectrum
beta-lactamase-producing gram-negative bacilli in community settings in Madagascar. PloS
one 6:622738.

Heritage, J., M'Zali, F.H., Gascoyne-Binzi, D., Hawkey, P.M., 1999. Evolution and spread of
SHV extended-spectrum beta-lactamases in gram-negative bacteria. The Journal of
antimicrobial chemotherapy 44:309-18.

Hille, K., Fischer, J., Falgenhauer, L., Sharp, H., Brenner, G.M., Kadlec, K., Friese, A.,
Schwarz, S., Imirzalioglu, C., et al., 2014. [On the occurence of extended-spectrum- and
AmpC-beta-lactamase-producing Escherichia coli in livestock: results of selected European

studies]. Berliner und Munchener tierarztliche Wochenschrift 127:403-11.

91



Hollander, R., Ebke, M., Barck, H., von Pritzbuer, E., 2001. Asymptomatic carriage of
Klebsiella pneumoniae producing extended-spectrum beta-lactamase by patients in a
neurological early rehabilitation unit: management of an outbreak. The Journal of hospital
infection 48:207-13.

Huletsky, A., Knox, J.R., Levesque, R.C., 1993. Role of Ser-238 and Lys-240 in the
hydrolysis of third-generation cephalosporins by SHV-type beta-lactamases probed by site-
directed mutagenesis and three-dimensional modeling. The Journal of biological chemistry
268:3690-7.

Hunter, P.R., Gaston, M.A., 1988. Numerical index of the discriminatory ability of typing
systems: an application of Simpson's index of diversity. Journal of clinical microbiology
26:2465-6.

Jacoby, G.A., Medeiros, A.A., 1991. More extended-spectrum beta-lactamases.
Antimicrobial agents and chemotherapy 35:1697-704.

Jiang, X., Ni, Y., Jiang, Y., Yuan, F., Han, L., Li, M., Liu, H., Yang, L., Lu, Y., 2005.
Outbreak of infection caused by Enterobacter cloacae producing the novel VEB-3 beta-
lactamase in China. Journal of clinical microbiology 43:826-31.

Jouini, A., Vinue, L., Slama, K.B., Saenz, Y., Klibi, N., Hammami, S., Boudabous, A.,
Torres, C., 2007. Characterization of CTX-M and SHV extended-spectrum beta-lactamases
and associated resistance genes in Escherichia coli strains of food samples in Tunisia. The
Journal of antimicrobial chemotherapy 60:1137-41.

Kader, A.A., Kumar, A., Kamath, K.A., 2007. Fecal carriage of extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella pneumoniae in patients and
asymptomatic healthy individuals. Infection control and hospital epidemiology : the official

journal of the Society of Hospital Epidemiologists of America 28:1114-6.

92



Kang, C.I., Wi, Y.M., Lee, M.Y., Ko, K.S., Chung, D.R., Peck, K.R., Lee, N.Y., Song, J.H.,
2012. Epidemiology and risk factors of community onset infections caused by extended-
spectrum beta-lactamase-producing Escherichia coli strains. Journal of clinical microbiology
50:312-7.

Kaper, J.B., Nataro, J.P., Mobley, H.L., 2004. Pathogenic Escherichia coli. Nature reviews.
Microbiology 2:123-40.

Knothe, H., Shah, P., Krcmery, V., Antal, M., Mitsuhashi, S., 1983. Transferable resistance
to cefotaxime, cefoxitin, cefamandole and cefuroxime in clinical isolates of Klebsiella
pneumoniae and Serratia marcescens. Infection 11:315-7.

Kudinha, T., Johnson, J.R., Andrew, S.D., Kong, F., Anderson, P., Gilbert, G.L., 2013.
Distribution of phylogenetic groups, sequence type ST131, and virulence-associated traits
among Escherichia coli isolates from men with pyelonephritis or cystitis and healthy controls.
Clinical microbiology and infection : the official publication of the European Society of
Clinical Microbiology and Infectious Diseases 19:E173-80.

Labbate, M., Case, R.J., Stokes, H.W., 2009. The integron/gene cassette system: an active
player in bacterial adaptation. Methods in molecular biology (Clifton, N.J.) 532:103-25.
Lausch, K.R., Fuursted, K., Larsen, C.S., Storgaard, M., 2013. Colonisation with multi-
resistant Enterobacteriaceae in hospitalised Danish patients with a history of recent travel: a
cross-sectional study. Travel medicine and infectious disease 11:320-3.

Lautenbach, E., Patel, J.B., Bilker, W.B., Edelstein, P.H., Fishman, N.O., 2001. Extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae: risk factors
for infection and impact of resistance on outcomes. Clinical infectious diseases : an official

publication of the Infectious Diseases Society of America 32:1162-71.

93



Lee, S., Yu, J.K,, Park, K., Oh, E.J., Kim, S.Y., Park, Y.J., 2010. Phylogenetic groups and
virulence factors in pathogenic and commensal strains of Escherichia coli and their
association with blaCTX-M. Annals of clinical and laboratory science 40:361-7.

Levin, B.R., 2001. Minimizing potential resistance: a population dynamics view. Clinical
infectious diseases : an official publication of the Infectious Diseases Society of America 33
Suppl 3:5161-9.

Liao, X.P., Xia, J., Yang, L., Li, L., Sun, J., Liu, Y.H., Jiang, H.X., 2015. Characterization of
CTX-M-14-producing Escherichia coli from food-producing animals. Frontiers in
microbiology 6:1136.

Lim, C.J., Cheng, A.C., Kennon, J., Spelman, D., Hale, D., Melican, G., Sidjabat, H.E.,
Paterson, D.L., Kong, D.C., et al., 2014. Prevalence of multidrug-resistant organisms and risk
factors for carriage in long-term care facilities: a nested case-control study. The Journal of
antimicrobial chemotherapy 69:1972-80.

Linares, L., Cervera, C., Cofan, F., Lizaso, D., Marco, F., Ricart, M.J., Esforzado, N.,
Oppenheimer, F., Campistol, J.M., et al., 2008. Risk factors for infection with extended-
spectrum and AmpC beta-lactamase-producing gram-negative rods in renal transplantation.
American journal of transplantation : official journal of the American Society of
Transplantation and the American Society of Transplant Surgeons 8:1000-5.

Literak, I., Dolejska, M., Janoszowska, D., Hrusakova, J., Meissner, W., Rzyska, H., Bzoma,
S., Cizek, A., 2010. Antibiotic-resistant Escherichia coli bacteria, including strains with genes
encoding the extended-spectrum beta-lactamase and QnrS, in waterbirds on the Baltic Sea
Coast of Poland. Applied and environmental microbiology 76:8126-34.

Liu, P.Y., Tung, J.C., Ke, S.C., Chen, S.L., 1998. Molecular epidemiology of extended-
spectrum beta-lactamase-producing Klebsiella pneumoniae isolates in a district hospital in

Taiwan. Journal of clinical microbiology 36:2759-62.

94



Liu, Y., Liu, C., Zheng, W., Zhang, X., Yu, J., Gao, Q., Hou, Y., Huang, X., 2008. PCR
detection of Klebsiella pneumoniae in infant formula based on 16S-23S internal transcribed
spacer. International journal of food microbiology 125:230-5.

Livermore, D.M., 1995. beta-Lactamases in laboratory and clinical resistance. Clinical
microbiology reviews 8:557-84.

Livermore, D.M., Canton, R., Gniadkowski, M., Nordmann, P., Rossolini, G.M., Arlet, G.,
Ayala, J., Coque, T.M., Kern-Zdanowicz, 1., et al., 2007. CTX-M: changing the face of
ESBLs in Europe. The Journal of antimicrobial chemotherapy 59:165-74.

Logan, L.K., Meltzer, L.A., McAuley, J.B., Hayden, M.K., Beck, T., Braykov, N.P.,
Laxminarayan, R., Weinstein, R.A., 2014. Extended-Spectrum beta-Lactamase-Producing
Enterobacteriaceae Infections in Children: A Two-Center Case-Case-Control Study of Risk
Factors and Outcomes in Chicago, Illinois. Journal of the Pediatric Infectious Diseases
Society 3:312-9.

Lowe, C., Willey, B., O'Shaughnessy, A., Lee, W., Lum, M., Pike, K., Larocque, C., Dedier,
H., Dales, L., et al., 2012. Outbreak of extended-spectrum Dbeta-lactamase-producing
Klebsiella oxytoca infections associated with contaminated handwashing sinks(1). Emerging
infectious diseases 18:1242-7.

Luvsansharav, U.O., Hirai, I., Nakata, A., Imura, K., Yamauchi, K., Niki, M., Komalamisra,
C., Kusolsuk, T., Yamamoto, Y., 2012. Prevalence of and risk factors associated with faecal
carriage of CTX-M beta-lactamase-producing Enterobacteriaceae in rural Thai communities.
The Journal of antimicrobial chemotherapy 67:1769-74.

Machado, E., Canton, R., Baquero, F., Galan, J.C., Rollan, A., Peixe, L., Coque, T.M., 2005.
Integron content of extended-spectrum-beta-lactamase-producing Escherichia coli strains
over 12 years in a single hospital in Madrid, Spain. Antimicrobial agents and chemotherapy

49:1823-9.

95



Martinez, J.L., Alonso, A., Gomez-Gomez, J.M., Baquero, F., 1998. Quinolone resistance by
mutations in chromosomal gyrase genes. Just the tip of the iceberg? The Journal of
antimicrobial chemotherapy 42:683-8.

Masters, N., Wiegand, A., Ahmed, W., Katouli, M., 2011. Escherichia coli virulence genes
profile of surface waters as an indicator of water quality. Water research 45:6321-33.

Mazel, D., Dychinco, B., Webb, V.A., Davies, J., 2000. Antibiotic resistance in the ECOR
collection: integrons and identification of a novel aad gene. Antimicrobial agents and
chemotherapy 44:1568-74.

Medeiros, A.A., 1997. Evolution and dissemination of beta-lactamases accelerated by
generations of beta-lactam antibiotics. Clinical infectious diseases : an official publication of
the Infectious Diseases Society of America 24 Suppl 1:519-45.

Melegh, S., Schneider, G., Horvath, M., Jakab, F., Emody, L., Tigyi, Z., 2015. Identification
and characterization of CTX-M-15 producing Klebsiella pneumoniae clone ST101 in a
Hungarian university teaching hospital. Acta microbiologica et immunologica Hungarica
62:233-45.

Mirelis, B., Navarro, F., Miro, E., Mesa, R.J., Coll, P., Prats, G., 2003. Community
transmission of extended-spectrum beta-lactamase. Emerging infectious diseases 9:1024-5.
Miro, E., Mirelis, B., Navarro, F., Rivera, A., Mesa, R.J., Roig, M.C., Gomez, L., Coll, P,
2005. Surveillance of extended-spectrum beta-lactamases from clinical samples and faecal
carriers in Barcelona, Spain. The Journal of antimicrobial chemotherapy 56:1152-5.

Monnet, D.L., 2006. ABC Calc — Antibiotic consumption calculator (MS Excel
application).VV3.1.Copenhagen (Denmark). Statens Serum Institut.

Mozes, J., Szucs, I., Molnar, D., Jakab, P., Fatemeh, E., Szilasi, M., Majoros, L., Orosi, P.,

Kardos, G., 2014. A potential role of aminoglycoside resistance in endemic occurrence of

96



Pseudomonas aeruginosa strains in lower airways of mechanically ventilated patients.
Diagnostic microbiology and infectious disease 78:79-84.

Mshana, S.E., Kamugisha, E., Mirambo, M., Chakraborty, T., Lyamuya, E.F., 2009.
Prevalence of multiresistant gram-negative organisms in a tertiary hospital in Mwanza,
Tanzania. BMC research notes 2:49.

Mugnier, P., Dubrous, P., Casin, 1., Arlet, G., Collatz, E., 1996. A TEM-derived extended-
spectrum beta-lactamase in Pseudomonas aeruginosa. Antimicrobial agents and
chemotherapy 40:2488-93.

Nataro, J.P., Kaper, J.B., 1998. Diarrheagenic Escherichia coli. Clinical microbiology
reviews 11:142-201.

Nataro, J.P., Bopp, C., Fields, P., Kaper, J. B., Strockbine, N.A., 2011. Escherichia, Shigella,
and Salmonella. In: Versalovic J, Carrol K, Funke G, eds, Manual of clinical microbiology.
10" edn. Washington DC, ASM Press. p. 603-26.

Noppe-Leclercq, 1., Wallet, F., Haentjens, S., Courcol, R., Simonet, M., 1999. PCR detection
of aminoglycoside resistance genes: a rapid molecular typing method for Acinetobacter
baumannii. Research in microbiology 150:317-22.

Nordmann, P., Naas, T., 1994. Sequence analysis of PER-1 extended-spectrum beta-
lactamase from Pseudomonas aeruginosa and comparison with class A beta-lactamases.
Antimicrobial agents and chemotherapy 38:104-14.

Nordmann, P., Ronco, E., Naas, T., Duport, C., Michel-Briand, Y., Labia, R., 1993.
Characterization of a novel extended-spectrum beta-lactamase from Pseudomonas
aeruginosa. Antimicrobial agents and chemotherapy 37:962-9.

Ofner-Agostini, M., Simor, A., Mulvey, M., McGeer, A., Hirji, Z., McCracken, M., Gravel,
D., Boyd, D., Bryce, E., 2009. Risk factors for and outcomes associated with clinical isolates

of Escherichia coli and Klebsiella species resistant to extended-spectrum cephalosporins

97



among patients admitted to Canadian hospitals. The Canadian journal of infectious diseases
& medical microbiology = Journal canadien des maladies infectieuses et de la microbiologie
medicale / AMMI Canada 20:e43-8.

Oteo, J., Perez-Vazquez, M., Campos, J., 2010. Extended-spectrum [beta]-lactamase
producing Escherichia coli: changing epidemiology and clinical impact. Current opinion in
infectious diseases 23:320-6.

Overdevest, 1., Willemsen, I., Rijnsburger, M., Eustace, A., Xu, L., Hawkey, P., Heck, M.,
Savelkoul, P., Vandenbroucke-Grauls, C., et al., 2011. Extended-spectrum beta-lactamase
genes of Escherichia coli in chicken meat and humans, The Netherlands. Emerging infectious
diseases 17:1216-22.

Pankratz, A., 1991. Front Matter. Forecasting with Dynamic Regression Models. John Wiley
& Sons, Inc.

Pathak, A., Marothi, Y., Kekre, V., Mahadik, K., Macaden, R., Lundborg, C.S., 2012. High
prevalence of extended-spectrum beta-lactamase-producing pathogens: results of a
surveillance study in two hospitals in Ujjain, India. Infection and drug resistance 5:65-73.
Pena, C., Pujol, M., Ricart, A., Ardanuy, C., Ayats, J., Linares, J., Garrigosa, F., Ariza, J.,
Gudiol, F., 1997. Risk factors for faecal carriage of Klebsiella pneumoniae producing
extended spectrum beta-lactamase (ESBL-KP) in the intensive care unit. The Journal of
hospital infection 35:9-16.

Persson, S., Olsen, K.E., Scheutz, F., Krogfelt, K.A., Gerner-Smidt, P., 2007. A method for
fast and simple detection of major diarrhoeagenic Escherichia coli in the routine diagnostic
laboratory. Clinical microbiology and infection : the official publication of the European
Society of Clinical Microbiology and Infectious Diseases 13:516-24.

Philippon, A., Labia, R., Jacoby, G., 1989. Extended-spectrum beta-lactamases.

Antimicrobial agents and chemotherapy 33:1131-6.

98



Piatti, G., Mannini, A., Balistreri, M., Schito, A.M., 2008. Virulence factors in urinary
Escherichia coli strains: phylogenetic background and quinolone and fluoroquinolone
resistance. Journal of clinical microbiology 46:480-7.

Pitout, J.D., Hanson, N.D., Church, D.L., Laupland, K.B., 2004a. Population-based
laboratory surveillance for Escherichia coli-producing extended-spectrum beta-lactamases:
importance of community isolates with blaCTX-M genes. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 38:1736-41.

Pitout, J.D., Hossain, A., Hanson, N.D., 2004b. Phenotypic and molecular detection of CTX-
M-beta-lactamases produced by Escherichia coli and Klebsiella spp. Journal of clinical
microbiology 42:5715-21.

Pitout, J.D., Sanders, C.C., Sanders, W.E., Jr., 1997. Antimicrobial resistance with focus on
beta-lactam resistance in gram-negative bacilli. The American journal of medicine 103:51-9.

Podschun, R., Ullmann, U., 1998. Klebsiella spp. as nosocomial pathogens: epidemiology,
taxonomy, typing methods, and pathogenicity factors. Clinical microbiology reviews 11:589-
603.

Poirel, L., Le Thomas, I., Naas, T., Karim, A., Nordmann, P., 2000. Biochemical sequence
analyses of GES-1, a novel class A extended-spectrum beta-lactamase, and the class 1
integron In52 from Klebsiella pneumoniae. Antimicrobial agents and chemotherapy 44:622-
32.

Poirel, L., Naas, T., Guibert, M., Chaibi, E.B., Labia, R., Nordmann, P., 1999. Molecular and
biochemical characterization of VEB-1, a novel class A extended-spectrum beta-lactamase
encoded by an Escherichia coli integron gene. Antimicrobial agents and chemotherapy

43:573-81.

99



Poirel, L., Rotimi, V.O., Mokaddas, E.M., Karim, A., Nordmann, P., 2001a. VEB-1-like
extended-spectrum beta-lactamases in Pseudomonas aeruginosa, Kuwait. Emerging
infectious diseases 7:468-70.

Poirel, L., Weldhagen, G.F., Naas, T., De Champs, C., Dove, M.G., Nordmann, P., 2001b.
GES-2, a class A beta-lactamase from Pseudomonas aeruginosa with increased hydrolysis of
imipenem. Antimicrobial agents and chemotherapy 45:2598-603.

Pragai, Z., Koczian, Z., Nagy, E., 1998. Characterization of the extended-spectrum beta-
lactamases and determination of the antibiotic susceptibilities of Klebsiella pneumoniae
isolates in Hungary. The Journal of antimicrobial chemotherapy 42:401-3.

Radstrom, P., Skold, O., Swedberg, G., Flensburg, J., Roy, P.H., Sundstrom, L., 1994.
Transposon Tn5090 of plasmid R751, which carries an integron, is related to Tn7, Mu, and
the retroelements. Journal of bacteriology 176:3257-68.

Rettedal, S., Hoyland Lobhr, I., Natas, O., Sundsfjord, A., Oymar, K., 2013. Risk factors for
acquisition of CTX-M-15 extended-spectrum beta-lactamase-producing Klebsiella
pneumoniae during an outbreak in a neonatal intensive care unit in Norway. Scandinavian
journal of infectious diseases 45:54-8.

Reuland, E.A., Al Naiemi, N., Kaiser, A.M., Heck, M., Kluytmans, J.A., Savelkoul, P.H.,
Elders, P.J., Vandenbroucke-Grauls, C.M., 2016. Prevalence and risk factors for carriage of
ESBL-producing Enterobacteriaceae in Amsterdam. The Journal of antimicrobial
chemotherapy.

Rodriguez-Bano, J., Lopez-Cerero, L., Navarro, M.D., Diaz de Alba, P., Pascual, A., 2008.
Faecal carriage of extended-spectrum beta-lactamase-producing Escherichia coli: prevalence,
risk factors and molecular epidemiology. The Journal of antimicrobial chemotherapy

62:1142-9.

100



Rodriguez-Bano, J., Picon, E., Gijon, P., Hernandez, J.R., Cisneros, J.M., Pena, C., Almela,
M., Almirante, B., Grill, F., et al., 2010. Risk factors and prognosis of nosocomial
bloodstream infections caused by extended-spectrum-beta-lactamase-producing Escherichia
coli. Journal of clinical microbiology 48:1726-31.

Rogers, B.A., Sidjabat, H.E., Paterson, D.L., 2011. Escherichia coli O25b-ST131: a
pandemic, multiresistant, community-associated strain. The Journal of antimicrobial
chemotherapy 66:1-14.

Rowe-Magnus, D.A., Mazel, D., 1999. Resistance gene capture. Current opinion in
microbiology 2:483-8.

Rupp, M.E., Fey, P.D., 2003. Extended spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae: considerations for diagnosis, prevention and drug treatment. Drugs
63:353-65.

Sader, H.S., Farrell, D.J., Flamm, R.K., Jones, R.N., 2014. Antimicrobial susceptibility of
Gram-negative organisms isolated from patients hospitalized in intensive care units in United
States and European hospitals (2009-2011). Diagnostic microbiology and infectious disease
78:443-8.

Salyers, A.A., Gupta, A., Wang, Y., 2004. Human intestinal bacteria as reservoirs for
antibiotic resistance genes. Trends in microbiology 12:412-6.

Schoevaerdts, D., Verroken, A., Huang, T.D., Frennet, M., Berhin, C., Jamart, J., Bogaerts,
P., Swine, C., Glupczynski, Y., 2012. Multidrug-resistant bacteria colonization amongst
patients newly admitted to a geriatric unit: a prospective cohort study. The Journal of
infection 65:109-18.

Schwaber, M.J., Navon-Venezia, S., Kaye, K.S., Ben-Ami, R., Schwartz, D., Carmeli, Y.,
2006. Clinical and economic impact of bacteremia with extended- spectrum-beta-lactamase-

producing Enterobacteriaceae. Antimicrobial agents and chemotherapy 50:1257-62.

101



Shaikh, S., Fatima, J., Shakil, S., Rizvi, S.M., Kamal, M.A., 2015. Risk factors for
acquisition of extended spectrum beta lactamase producing Escherichia coli and Klebsiella
pneumoniae in North-Indian hospitals. Saudi journal of biological sciences 22:37-41.

Simner, P.J., Zhanel, G.G., Pitout, J., Tailor, F., McCracken, M., Mulvey, M.R., Lagace-
Wiens, P.R., Adam, H.J., Hoban, D.J., 2011. Prevalence and characterization of extended-
spectrum beta-lactamase- and AmpC beta-lactamase-producing Escherichia coli: results of
the CANWARD 2007-2009 study. Diagnostic microbiology and infectious disease 69:326-
34.

Sirot, D., Sirot, J., Labia, R., Morand, A., Courvalin, P., Darfeuille-Michaud, A., Perroux, R.,
Cluzel, R., 1987. Transferable resistance to third-generation cephalosporins in clinical
isolates of Klebsiella pneumoniae: identification of CTX-1, a novel beta-lactamase. The
Journal of antimicrobial chemotherapy 20:323-34.

Skurnik, D., Le Menac'h, A., Zurakowski, D., Mazel, D., Courvalin, P., Denamur, E.,
Andremont, A., Ruimy, R., 2005. Integron-associated antibiotic resistance and phylogenetic
grouping of Escherichia coli isolates from healthy subjects free of recent antibiotic exposure.
Antimicrobial agents and chemotherapy 49:3062-5.

Stromdahl, H., Tham, J., Melander, E., Walder, M., Edquist, P.J., Odenholt, I., 2011.
Prevalence of faecal ESBL carriage in the community and in a hospital setting in a county of
Southern Sweden. European journal of clinical microbiology & infectious diseases : official
publication of the European Society of Clinical Microbiology 30:1159-62.

Sturenburg, E., Mack, D., 2003. Extended-spectrum beta-lactamases: implications for the
clinical microbiology laboratory, therapy, and infection control. The Journal of infection

47:273-95.

102



Su, J., Shi, L, Yang, L., Xiao, Z., Li, X., Yamasaki, S., 2006. Analysis of integrons in
clinical isolates of Escherichia coli in China during the last six years. FEMS microbiology
letters 254:75-80.

Szilagyi, E., Fuzi, M., Damjanova, |., Borocz, K., Szonyi, K., Toth, A., Nagy, K., 2010.
Investigation of extended-spectrum beta-lactamase-producing Klebsiella pneumoniae
outbreaks in Hungary between 2005 and 2008. Acta microbiologica et immunologica
Hungarica 57:43-53.

Tacao, M., Moura, A., Correia, A., Henriques, 1., 2014. Co-resistance to different classes of
antibiotics among ESBL-producers from aquatic systems. Water research 48:100-7.

Tangden, T., Cars, O., Melhus, A., Lowdin, E., 2010. Foreign travel is a major risk factor for
colonization with Escherichia coli producing CTX-M-type extended-spectrum beta-
lactamases: a prospective study with Swedish volunteers. Antimicrobial agents and
chemotherapy 54:3564-8.

Tellevik, M.G., Sollid, J.E., Blomberg, B., Jureen, R., Urassa, W.K., Langeland, N., 2007.
Extended-spectrum beta-lactamase-type SHV-12-producing Enterobacteriaceae causing
septicemia in Tanzanian children: vectors for horizontal transfer of antimicrobial resistance.
Diagnostic microbiology and infectious disease 59:351-4.

Tham, J., Odenholt, 1., Walder, M., Brolund, A., Ahl, J., Melander, E., 2010. Extended-
spectrum beta-lactamase-producing Escherichia coli in patients with travellers' diarrhoea.
Scandinavian journal of infectious diseases 42:275-80.

Tham, J., Walder, M., Melander, E., Odenholt, 1., 2012. Duration of colonization with
extended-spectrum beta-lactamase-producing Escherichia coli in patients with travellers'

diarrhoea. Scandinavian journal of infectious diseases 44:573-7.

103



Tian, S.F., Chen, B.Y., Chu, Y.Z., Wang, S., 2008. Prevalence of rectal carriage of extended-
spectrum beta-lactamase-producing Escherichia coli among elderly people in community
settings in China. Canadian journal of microbiology 54:781-5.

Tinelli, M., Cataldo, M.A., Mantengoli, E., Cadeddu, C., Cunietti, E., Luzzaro, F., Rossolini,
G.M., Tacconelli, E., 2012. Epidemiology and genetic characteristics of extended-spectrum
beta-lactamase-producing Gram-negative bacteria causing urinary tract infections in long-
term care facilities. The Journal of antimicrobial chemotherapy 67:2982-7.

Toth, A., Gacs, M., Marialigeti, K., Cech, G., Fuzi, M., 2005. Occurrence and regional
distribution of SHV-type extended-spectrum beta-lactamases in Hungary. European journal
of clinical microbiology & infectious diseases : official publication of the European Society
of Clinical Microbiology 24:284-7.

Toth, A., Juhasz-Kaszanyitzky, E., Mag, T., Hajbel-Vekony, G., Paszti, J., Damjanova, I.,
2013. Characterization of extended-spectrum beta-lactamase (ESBL) producing Escherichia
coli strains isolated from animal and human clinical samples in Hungary in 2006-2007. Acta
microbiologica et immunologica Hungarica 60:175-85.

Toth, A., Kocsis, B., Damjanova, I., Kristof, K., Janvari, L., Paszti, J., Csercsik, R., Topf, J.,
Szabo, D., et al., 2014. Fitness cost associated with resistance to fluoroquinolones is diverse
across clones of Klebsiella pneumoniae and may select for CTX-M-15 type extended-
spectrum beta-lactamase. European journal of clinical microbiology & infectious diseases :
official publication of the European Society of Clinical Microbiology 33:837-43.

Turner, P.J., 2005. Extended-spectrum beta-lactamases. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America 41 Suppl 4:5273-5.
Valverde, A., Coque, T.M., Sanchez-Moreno, M.P., Rollan, A., Baquero, F., Canton, R.,

2004. Dramatic increase in prevalence of fecal carriage of extended-spectrum beta-lactamase-

104



producing Enterobacteriaceae during nonoutbreak situations in Spain. Journal of clinical
microbiology 42:4769-75.

Valverde, A., Grill, F., Coque, T.M., Pintado, V., Baquero, F., Canton, R., Cobo, J., 2008.
High rate of intestinal colonization with extended-spectrum-beta-lactamase-producing
organisms in household contacts of infected community patients. Journal of clinical
microbiology 46:2796-9.

van der Bij, A.K,, Pitout, J.D., 2012. The role of international travel in the worldwide spread
of multiresistant Enterobacteriaceae. The Journal of antimicrobial chemotherapy 67:2090-
100.

Versalovic, J., Koeuth, T., Lupski, J.R., 1991. Distribution of repetitive DNA sequences in
eubacteria and application to fingerprinting of bacterial genomes. Nucleic acids research
19:6823-31.

von Wintersdorff, C.J., Penders, J., Stobberingh, E.E., Oude Lashof, A.M., Hoebe, C.J.,
Savelkoul, P.H., Wolffs, P.F., 2014. High rates of antimicrobial drug resistance gene
acquisition after international travel, The Netherlands. Emerging infectious diseases 20:649-
57.

Vourli, S., Giakkoupi, P., Miriagou, V., Tzelepi, E., Vatopoulos, A.C., Tzouvelekis, L.S.,
2004. Novel GES/IBC extended-spectrum beta-lactamase variants with carbapenemase
activity in clinical enterobacteria. FEMS microbiology letters 234:209-13.

Webster, D.P., Young, B.C., Morton, R., Collyer, D., Batchelor, B., Turton, J.F., Maharjan,
S., Livermore, D.M., Bejon, P., et al., 2011. Impact of a clonal outbreak of extended-
spectrum beta-lactamase-producing Klebsiella pneumoniae in the development and evolution
of bloodstream infections by K. pneumoniae and Escherichia coli: an 11 year experience in

Oxfordshire, UK. The Journal of antimicrobial chemotherapy 66:2126-35.

105



White, P.A., Mclver, C.J., Rawlinson, W.D., 2001. Integrons and gene cassettes in the
enterobacteriaceae. Antimicrobial agents and chemotherapy 45:2658-61.

Wieler, L.H., Ewers, C., Guenther, S., Walther, B., Lubke-Becker, A., 2011. Methicillin-
resistant staphylococci (MRS) and extended-spectrum beta-lactamases (ESBL)-producing
Enterobacteriaceae in companion animals: nosocomial infections as one reason for the rising
prevalence of these potential zoonotic pathogens in clinical samples. International journal of
medical microbiology : IJIMM 301:635-41.

Woerther, P.L., Burdet, C., Chachaty, E., Andremont, A., 2013. Trends in human fecal
carriage of extended-spectrum beta-lactamases in the community: toward the globalization of
CTX-M. Clinical microbiology reviews 26:744-58.

Woodford, N., Ward, M.E., Kaufmann, M.E., Turton, J., Fagan, E.J., James, D., Johnson,
A.P., Pike, R., Warner, M., et al., 2004. Community and hospital spread of Escherichia coli
producing CTX-M extended-spectrum beta-lactamases in the UK. The Journal of
antimicrobial chemotherapy 54:735-43.

Yoo, J.S., Byeon, J., Yang, J., Yoo, J.I., Chung, G.T., Lee, Y.S., 2010. High prevalence of
extended-spectrum beta-lactamases and plasmid-mediated AmpC beta-lactamases in
Enterobacteriaceae isolated from long-term care facilities in Korea. Diagnostic microbiology

and infectious disease 67:261-5.

106



9. Keywords
Extended spectrum beta-lactamase, E. coli, K. pneumoniae, asymptomatic carriage, integron,

faecal carriage, time-series analysis

107



10. Acknowledgments

I would like to express my sincere gratitude to my supervisor Dr. Gabor Kardos for his true
guidance, constructive criticism, support and endless help throughout my PhD study.

| thank Julianna Mdzes, my fellow PhD student for two years, for her help whenever |
needed, with lab work as well as with other things.

My grateful thanks go to Dr. Krisztina Szarka for her support, assistance in interpretation and
giving always a helpful suggestion for the manuscript and dissertation preparation.

| would like to thank Dr. Laszl6 Majoros for his assistance in interpretation of results and
manuscript preparation.

| thank futher co-authors of the papers, Dr. Adina Fésiis, Dr. Orsolya Goracz, Dr. Agnes
Juhasz and Dr. Julianna Mészaros for their contribution to my research.

| wish to thank the head of department Dr. Jozsef Kdnya, for providing me the opportunity to
work in the Department of Medical Microbiology.

I would like to thank also the help of the staff of the Clinical Pharmacy department for
providing us the antibiotic consumption data.

| thank the help of the staff of the laboratory for enteric pathogens of the Laboratoty Ltd. and
the staff of the Department of Medical Microbiology, for sample processing and collection of
isolates.

The technical help of Eva Székely with the pulsed field gel electrophoresis is gratefully
acknowledged.

Last but not least, | would like to express my deep gratitude to my family and friends for their

kind support during the whole time of my study and everyday interests to my life.

108



11. Appendices

2

SV

(ﬂ' UNIVERSITY OF DEBRECEN [I / |
b UNIVERSITY AND NATIONAL LIBRARY DD

Registry number: DEENK/36/2016.PL
Subject: Ph.D. List of Publications

Candidate: Fatemeh Ebrahimi
Neptun ID: ASM4HX
Doctoral School: Doctoral School of Pharmaceutical Sciences

List of publications related to the dissertation

1. Ebrahimi, F., Mézes, J., Mészaros, J., Juhasz, A., Majoros, L., Szarka, K., Kardos, G.:
Asymptomatic faecal carriage of ESBL producing Enterobacteriaceae in Hungarian healthy
individuals and in long-term care applicants: A shift towards CTX-M producers in the
community.

Infect. Dis. "Accepted by Publisher" p. 1-12, p. 2016.
DOI: http://dx.doi.org/10.3109/23744235.2016.1155734
IF:1.495 (2014)*

2. Ebrahimi, F., Mézes, J., Mészaros, J., Juhasz, A., Kardos, G.: Carriage Rates and Characteristics
of Enterobacteriaceae Producing Extended-Spectrum Beta-Lactamases in Healthy
Individuals: Comparison of Applicants for Long-Term Care and Individuals Screened for
Employment Purposes.

Chemotherapy. 60 (4), 239-249, 2015.
DOI: http://dx.doi.org/10.1159/000375407
IF:1.288 (2014)

*Due to the change of the journal name the old journal (Scandinavian Journal of Infectious Diseases
(ISSN:003-5548)) impact factor value is used until the 2015th impact factor values published.

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok@]lib.unideb.hu, & Web: www.lib.unideb.hu

109



&

SV

(ﬂ UNIVERSITY OF DEBRECEN [I /N
UNIVERSITY AND NATIONAL LIBRARY DD

List of other publications

3. Mézes, J., Ebrahimi, F., Goracz, O., Miszti, C., Kardos, G.: Effect of carbapenem consumption
patterns on the molecular epidemiology and carbapenem resistance of Acinetobacter
baumannii.

J. Med. Microbiol. 63, 1654-1662, 2014.
DOI: http://dx.doi.org/10.1099/jmm.0.082818-0
IF:2.248

4. Mézes, J., Szlcs, |., Molnar, D., Jakab, P., Ebrahimi, F., Szilasi, M., Majoros, L., Orosi,
P.Kardos, G.: A potential role of aminoglycoside resistance in endemic occurrence of
Pseudomonas aeruginosa strains in lower airways of mechanically ventilated patients.
Diagn. Microbiol. Infect. Dis. 78 (1), 79-84, 2014.

DOI: http://dx.doi.org/10.1016/j.diagmicrobio.2013.09.015
IF:2.457

Total IF of journals (all publications): 7,488
Total IF of journals (publications related to the dissertation): 2,783

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of Web of Science, Scopus and Journal Citation Report (Impact Factor) databases.

02 March, 2016

Address: 1 Egyetem tér, Debrecen 4032, Hungary Postal address: Pf. 39. Debrecen 4010, Hungary
Tel.: +36 52 410 443 Fax: +36 52 512 900/63847 E-mail: publikaciok@lib.unideb.hu, & Web: www.lib.unideb.hu

110



Other paper related to the dissertation

Ebrahimi F, Mdzes J, Goracz O, Fésiis A, Majoros L, Szarka K, Kardos G. Comparison of
the faecal colonization rates with extended spectrum beta-lactamase producing enterobacteria
among patients in different wards, outpatients and screened medical students. Microbiol

Immunol (submitted, referees asked for a minor revision).

Conferences
Ebrahimi F, Mdzes J, Kardos G. Changes in the distribution of asymptomatically carried
ESBL-producing enterobacteria and their ESBL genes among healthy individuals. Hungarian

Society for Microbiology, Budapest, Hungary (July 8-10, 2015).

Ebrahimi F, Mozes J, Kardos G. Prevalence and integron carriage in ESBL producers
isolated from faecal samples of inpatients and outpatients. Hungarian Society for

Microbiology, Keszthely, Hungary (October 15-17, 2014).

Ebrahimi F, Mdzes J, Kardos G. Characterisation of ESBL-producing enterobacter in stool
samples of individuals screened for enteric pathogens. 4" Central European Forum for

Microbiology, Keszthely, Hungary (Oct 16-18, 2013).

Ebrahimi F, Mozes J, Kardos G. Prevalence of ESBL-producing enterobacteria in stool
samples of asymptomatic individuals. Spring Wind Conference, Sopron, Hungary (May 31-

June 2, 2013).

Ebrahimi F, Mozes J, Kardos G. Prevalence of ESBL-producing enterobacteria in patients
with diarrhoea. European Medical Students’ Conference, Debrecen, Hungary (Oct 19-22,

2012).

111



