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Abstract

Urinary tract infection (UTI) is one of the most common bacterial infections and Escherichia
coli is the main etiological agent involved, while the p-lactamase enzymes are the most common
mechanism of bacterial resistance. The aim of this study was to detect the resistance and virulence
genes of a significant number of E. coli strains isolated from urine samples in patients attending the
Ambulatory of Regina Maria Central Hospital in Bucharest. Materials and Methods: 106 ESBL isolates
of E. coli strains were collected from January to December 2014. The bacterial isolates were identified
by Vitek 2 system. The genes codifying for ESBLs, for quinolone resistance and virulence were detected
by Polymerase Chain Reaction (PCR). Results: QOur results revealed that analyzed E. coli strains
belonged to different phylogroups, theAQ one being the best represented in our study and included the
strains with the most numerous antibiotic resistance markers. Regarding virulence, fimH was found in
almost every strain, regardless the phylogenetic group.
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1. Introduction

Urinary Tract Infections (UTIs), including cystitis and pyelonephritis, are among the most
frequent human extraintestinal infections. Escherichia coli, the predominant facultative member
of the normal human intestinal microbiotais the major causative agent of UTIs, accounting for
greater than 80% of these infections. The bladder is the primary site of infection in about 95%
of all UTIs (MULVEY [1]). UTIs are classified into different disease categories according to
the site of infection as, for example cystitis (the bladder) or pyelonephritis (the kidney)
(FOXMAN [2]). Successful establishment of infection by bacterial pathogens requires their
adhesion to the host cells, colonization of the tissues, and, in certain cases, cellular invasion,
followed by intracellular multiplication, dissemination to other tissues, or persistence.
Colonization of the urine in the absence of the clinical symptoms is called asymptomatic
bacteriuria (ABU). Most patients with ABU do not need treatment, and in many cases this
colonization could be benefic, helping the host to prevent infection with other more virulent
bacteria (TRAUTNER& al., DAROUICHE& al., HULL& al. [3-5]). In contrast to symptomatic
disease determined by uropathogenic E. coli, the reason why ABU patients do not develop
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symptoms is not properly understood. However, it has been explained by several observations
that many strains involved in ABU are non-adherent and non-hemolytic (KAIJSER & al.,
SVANBORG& al. [6-7]). UPEC isolates represent a heterogeneous group that exhibit some
virulence factors associated with colonization and persistence of the bacteria in the urinary tract.
Virulence factors of E. coli that have been potentially implicated as important for establishing
UTIs can be divided into two groups: (i) virulence factors associated with the surface of
bacterial cell and (ii) virulence factors which are secreted and exported to the site of action
(EM"ODY & al. [8]). To date, no single virulence factor has been demonstrated as being
specific, unique or definitive to cause a disease. Virulence is multifactorial because it depends
on both the characteristics of microorganism and the susceptibility of the host (TARCHOUNA
& al. [9]). Based on functional groups, the E. coli virulence factors can be categorized as
adhesins, such as P fimbriae (papG), type 1 fimbriae (fimH), S fimbriae (sfa) and A fimbriae
(afa); toxins, such as hemolysin A (4/yA) and cytotoxic necrotizing factor 1 (cnf7); iron uptake,
such as aerobactin (aer);, protectins, such as serum resistance (f7al) and others, such as
pathogenicity-associated islands (PA/s) and Tir-containingprotein E. coli (tcpc) (JOHNSON&
al.,, CIRL& al., YADAV& al. [10-12]. Extended-spectrum [B-lactamases producing bacteria
have usually multi-drug resistance, because most of the times, the genes related to the other
resistive mechanisms have been also placed on the same plasmid carrying the genes encoding
ESBLs (WANG& al., WANG& al.[13-14]). Fluoroquinolones are wide spectrum potent drugs,
used in treating a wide range of infections. A range of plasmid-mediated quinolone resistance
determinants, including qnr, have been reported in clinical isolates of Enterobacteriaceae
(ROBICSEK& al., STRAHILEVITZ al. [15-16]).

2. Materials and Methods

The study was conducted on a total of 5353 strains from patients with UTI [(23.25%
males and 76.75% women (data not shown)] from the ambulatory sector of Central
Laboratory Regina Maria hospital in Bucharest, Romania from January to December 2014. A
total number of ESBL E. coli strains (n=106) were selected. The selected strains were isolated
from urine samples and identification was performed with biochemical tests and automated
VITEK 2 system.

DNA extraction and molecular detection.The genetic support of the antibiotic
resistance (carbapenemases, quinolones and ESBLs) and virulence markers was investigated
by simplex and multiplex PCR, using a reaction mix of 20ul (PCR Master Mix 2x, Thermo
Scientific) containing 1 pl of bacterial DNA extracted by alkaline extraction method (table no.
1). In this purpose, 1-5 colonies of bacterial cultures were suspended in 1.5 ml tubes
containing 20 pl solution of NaOH (sodium hydroxide) and SDS (sodium dodecyl sulphate).

The amplification program was conducted under the following conditions:

. 94°C 10 min

. 94°C 30s
. 52°C 40s 36 cycles
. 72°C 50s

. 72°C 5 min.
To achieve samples in PCR reaction PCR thermal Corbett  was used. Table no.1- 4

contain all the information about the sequence of the primers used in PCR experiments, the
amplicon size obtained and the sources [17-29].
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Table 1. The composition of the reaction mix.

The gene Concentration Final volume
primer MgCl, dNTP DNA Reaction buffer DNA
Tag-pol

blayn,

blap,

blarey, 0,5uM 1,2mM 2uM 0,2U0ul 10x 20pl
blacrym

bla,wM

Table 2. Primers sequences used in simplex and multiplex PCR assays for carbapenem resistance genes.

The gene Primer Nucleotide sequence Amplification size References
blaoxas OXA-F 5'GCGTGGTTAAGGATGAACAC 3’ 438
i OXA-R 5'CATCAAGTTCAACCCAACCG 3’ [17]
bla IMP-F 5'GGAATAGAGTGGCTTAA(C/T)TCT C 3° 232
IMP IMP-R 5'GGTTTAA(C/T)AAAACAACCACC 3’
blayny VIM-F 5'GATGGTGTTTGGTCGCATA 3’ 390
VIM-R 5'CGAATGCGCAGCACCAG 3’
blanon NDM-F 5'GGTTTGGCGATCTGGTTTTC 3° 621
NDM-R 5'CGGAATGGCTCATCACGATC 3’
blapgr PER-F 5-AATTTGGGCTTAGGGCAGAA-3' 925 [18]
PER-R 5'-ATGAATGTCATTATAAAAGC-3'
blare TEM-F 5-ATGAGTTTTCAACATTTTCG-3' 361 [19]
TEM-R 5'-TTACCAATGCTTAATCAG TG-3'
blassy SHV-F 5'-GCCCTCACTCAAGGATGTAT-3' 388 [20]
SHV-R 5-TTAGCGTTGCCAGTGCTCGA-3'
blacrs CTX-M-F 5[1-CGCTGTTGTTAGGAAGTGTG-3( 730 [21]
i CTX-M-R 5[1-GGCTGGGTGAAGTAAGTGAC-3[]

Table 3. Primers sequences used in simplex and multiplex PCR assays for quinolone and
aminoglycosides genes.

Onrdm-F AGA GGA TTT CTC ACG CCA GG 60C 50
OnrdAm-—R TGC CAG GCA CAG ATC TTG AC
OnrBm-F GGM ATH GAA ATT CGC CAC TG M=A Oé SrTH =Aor [22]
OnrBm-R TTT GCY GYY CGC CAG TCG AA Y=CorT 60¢C 264
OnrSm-R TCT AAA CCG TCG AGT TCG GCG
GyrB-F GCGCGAGATGACCCGCCGCA 60 C
GyrB-R CTGGCGGAAGAAGAAGGTCAACA 23]
ParE-F CGGCGTTCGTCTCGGGCGTGGTGAAGGA 60 C
ParE-R TCGAGGGCGTAGTAGATGTCCTTGCCGA
Table 4. Primers sequences used in simplex and multiplex PCR assays for virulence genes.
. Amplification size References
The gene Primer And Tm
A F: 5-GACGAACCAACGGTCAGGAT-3' 279 bp [24]
chud R :5-TGCCGCCAGTACCAAAGACA-3' (multiplex) 55 °C
» F: 5-TGAAGTGTCAGGAGACGCTG-3' 211bp [24]
yad R: 5-ATGGAGAATGCGTTCCTCAAC-3' (multiplex) 55 °C
TspE4C2 F: 5-GAGTAATGTCGGGGCATTCA-3' 152 bp (multiplex) [24]
R:5'-CGCGCCAACAAAGTATTACG-3' 55°C
hivD F: 5- CTCCGGTACGTGAAAAGGAC-3' 904 bp [25]
4 R: 5-GCCCTGATTACTGAAGCCTG-3' 55°C
kpsMTIT F:5-GCG CAT TTG CTG ATA CTG TTG-3' 272 bp [26]
R: 5-CAT CAG ACG ATA AGC ATG AGC A-3' 60 °C
oA F:5-"AACAAGGATAAGCACTGT TCTGGC T-3' 1’6107 Zcbp [27]
s R:5-ACCATATAAGCGGTCATT CCC GTC A-3'
sfaD/E F:5-CGGAGGAGTAATTACAAACCTGGCA -3' 408 bp [28]
R: 5'- CTCCGGAGAACTGGGTG ATCTTA C-3' 60 °C
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papC F:5'-GACGGCTGTACTGCAGGGTGTGGC-3' 328 bp [28]
R:5-ATATCCTTTCTGCAGGGATGCAATA-3' 63 °C

SfimH F: 5'-TGC AGA ACG GAT AAG CCG TGG -3’ 508 bp [26]
R: 5- GCA GTC ACC TGC CCT CCG GTA -3' 63 °C

afaBC F: 5'-GCTGGGCAGCAAACTGATAACTCTC -3’ 793 bp [28]
R:5'CATCAAGCTGTTTGTTCGTCCGCCG-3 63 °C

cnfl F: 5'- GAA CTT ATT AAG GAT AGT-3' 543kb [29]
R: 5'-CAT TAT TTA TAA CGC TG-3' 40°C

3. Results and Conclusions

Extraintestinal pathogenic E. coli (EXPEC) strains are responsible for diverse
extraintestinal infections being capable to colonize various sites in the human body. The
group of EXPEC strains includes uropathogenic E. coli strains, septicemia-associated E. coli,
meningitis-associated E. coli, and other strains. Urinary tract infections are among the most
common bacterial diseases worldwide which affect about 250 million people in developing
countries annually (RONALD & al., TAJBAKHSH & al. [30, 31]). Uropathogenic E. coli
alone accounts for 70-90 % of the UTI infections (ULLERYD & al. [32]) and its
susceptibility patterns to different antibiotics vary in different geographical regions (JURAJ &
al. [33]). Phylogenetic analyses have shown that analyzed E. coli strains belonged to different
phylogenetic groups (A0, Al, B1, B22, B23, D1 and D2). The predominant group wad A0
(37% of the strains), followed by B1 and B23 (20%, respectively 17%). yjaA (a gene initially
identified in the recent complete genome sequence of E. coli K-12, probably involved in
virulence), the DNA fragment TspE4C2 and chuA (a gene required for hem transport in
enterohemorrhagic O157:H7 E. coli) were used as genetic markers to characterize the E. coli
phylogroups (fig. 1).
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Fig. 1. The distribution of tested strains in different phylogenetic groups

Regarding the virulence genes our results have revealed the presence as follows: fimH;
kpsMTII and afaBC were most expressed regardless thephylogroup, followed by sfaDE, hlyA
and hlyD, and cnfl genes (fig. 2). Our results illustrate a higher frequency of fimH, compared
with other virulence markers, which can be explained by the fact that itencodes for type I
fimbriae, involved in the initiation of an infectious process. These proteins were proved to act
as virulence factors in animal models of urinary tract infection (BIEN & al. [34]). The strains
from B1, B23 and D2 phylogroups presented the most numerous virulence markers.
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Virulence gene expressed by different phylogenetic groups of E. coli
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Fig. 2. The distribution of genes codifying for virulence factors
in different phylogenetic groups of analyzed strains.

The study also investigated the presence of ESBL, carbapenemase and fluoroquinolone
resistance markers. The results of PCR analysis revealed the presence of blaremiike and blacrx-
miike genes, which prove that these strains express an ESBL phenotype (fig. 3). In some
phylogroups, the presence of carbapenemase genes (NDM gene) was also observed (A0, Al,
B1, B23). The E. coli strains included in the AO phylogroupwere also resistant to quinolones.
The A0 phylogroup (best represented in our study) and Al contained the strains with the lowest
virulence, but with more numerous antibiotic resistance markers.

Antibiotic resistance gene expressed by different E. coli phylogebnetic group
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Fig. 3 The presence of genes codifying for carbapenems, ESBLs and quinolones
in different phylogenetic groups of analyzed strains
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Different and disturbing rates of gene profiles have been found in different places of the
world. For example, in a hospital in Poland the rate of ESBL-producing strains was reported
at 92.2% (FRANICZEK & al. [35]) and in some hospitals in Turkey and Spain was 69.14%
and 98.4% (BALI E & al., SORLOZANO & al. [36, 37]) respectively. Some explications for
these differences can be the prolonged staying of the patients in hospital (FRANICZEK & al.
[35]), inappropriate and excessive use of antibiotics, duration of hospitalization, invasive
diagnostic or therapeutic procedures, type of cephalosporins used, and different test method.
ExPEC strains typically expressed 1) virulence factors that allow them to attach to human cells
(e.g. P-fimbriae, S-fimbriae) ii) factors important for survival in host (e.g. siderophores), and
iii) factors necessary for invasion (e.g. hemolysin, cytotoxin necrotizing factor) (JURAJ & al.
[33]).Capsule is a constant presence among UPEC strains and is well known for its
implication in urinary tract infections, especially in pyelonephritis (JANN & al. [38]). In this
study there were detected 36% of the strains positives for kpsMTII gene. All of them were
associated with other investigated virulence factors. For example, an association of kpsMTII
and hlyA was observed. Adhesins of the Afa family are involved in UTIs (LE [39]), and
UPEC strains expressing these adhesins have a unique renal tissue tropism (NOWICKI & al.,
LALIOUI & al. [40, 41]). Clinical and experimental findings suggest that E. coli strains with
Afa adhesins have properties that are favoring the establishment of chronic and/or recurrent
infection (LE [39]).The sfaDE gene investigated in our study are responsible for encoding the
P pili and S/F1C pili, important UPEC adhesins for human infections (MULVEY & al. [42]).
The HIyA is a pore-forming toxin, which belongs to the family of RTX (repeats in toxin)
toxins widespread among the Gram-negative pathogens (EBERSPACHER & al. [43]). This
toxin has been shown to exert dual concentration-dependent activities on primary epithelial
cells originating from renal proximal tubules (LAESTADIUS & al. [44]). At high
concentrations, HlyA can lyse erythrocytes and nucleated host cells, a process that may
enable extra intestinal pathogens like UPEC to cross mucosal barriers, damage effector
immune cells, and gain enhanced access to host nutrients and iron stores (JOHNSON [45]).
At low concentrations, HlyA can induce the apoptosis of target host cells, including
neutrophils, T lymphocytes, and renal cells, and promote the exfoliation of bladder epithelial
cells. HlyA has also been shown to induce Ca2+ oscillations in renal epithelial cells, resulting
in increased production of IL-6 and IL-8 (UHLE'N & al. [46]).

The cytotoxic necrotising factor 1 (cnfl) (LANDRAUD & al. [47]) is produced by one-
third of pyelonephritis strains and may also be involved in kidney invasion. In vitro, this protein
is secreted by E. coli and stimulates actin stress fibers formation and membrane ruffle formation
in a Rho GTPase-dependent manner, resulting in the entry of E. coli into the cells. In our
country, Usein et al. in 2001 revealed the expression of the following virulence genes in E. coli
isolated from patients between Nov. 1999 and April 2000 hospitalized in Clinical Hospital of
Nephrology ,,Dr. C. Carol Davila’, Bucharest and Urology Department of Clinical Institute
,,Prof. Dr. Th. Burghele,, Bucharest): fimH; sfa; hly; afa and cnf (USEIN & al. [48]); Mladin et
al. in 2009 demonstrated the presence of several virulence genes in 60 E. coli strains isolated
from urine samples in patients with neurological diseases admitted to the Neuropsychiatry
Clinical Hospital of Craiova, during December 2006 — November 2007 as follows: fimH gene
was present in the majority of the tested strains (80%), hly in 13.3% and cnf in 10% of the
studied strains(MLADIN & al.[49]). Cristea et al in 2016 described for the first time in
Romania the occurrence and the resistance patterns of Staphylococcus species isolated from
community acquired UTIs given the small number of the studies concerning the incidence of
the species included in this genus involved in community acquired UTIs (CRISTEA & al.,
[50]). More recently, Chelariu et al., revealed the presence of the following virulence markers:

Romanian Biotechnological Letters, Vol. 23, No. 3, 2018 13577



IULIANA PORUMBEL, MIHAELA CHELARIU, IRINA GHEORGHE, CARMEN CURUTIU, MARCELA POPA,
CRISTINA DELCARU, MIRELA GROSU, RALUCA GRIGORE, SERBAN BERTESTEANU,
VERONICA LAZAR, TATIANA VASSU DIMOV

fimH, hlyD, hlyA, sfaDE, kpsMTII, afaBC, eaea and VT2 in Enterobacteriaceae isolated from
the gut microbiota which can suggest the crucial role of this virulence genes in E. coli causing
infections (CHELARIU & al [51]).

In conclusion, urinary tract infections are among the common infections which are
encountered in the clinical practice. The present study has shown the production of various
virulence factors and developing drug resistance in UPEC. Antibiotic resistance provides a
substantial advantage for survival of the pathogen. The drug resistance among UPEC is on
rise therefore the selection of appropriate antibiotics (after antibiotic susceptibility testing) is a
must for proper treatment of patients and to avoid emergence of drug resistance. Therefore,
the knowledge of virulence factors of E. coli and their antibiotic susceptibility patterns will
help in better understanding of the organism and in the treatment of UTI.
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