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Oz

Bu c¢alismada komplike olmayan idrar yolu enfeksiyonu tanisi almig pediatrik ve
yetigkin hastalardan izole edilen E. coli izolatlarinda antimikrobiyal direng
paternlerini ve viriilans genlerinin prevalansini saptamay1 hedefledik. Akut komplike
olmayan idrar yolu enfeksiyonu tanisi almis toplam 83 pediatrik ve yetiskin ayaktan
hastanin orta akim idrarindan izole edilmis kokenlerin, VITEK® 2 (bioMerieux,
Marcy I’Etoile, France) otomatize sistemi ile identifikasyonlar1 ve antimikrobiyal
direng paternleri belirlendi. Bakterilerin direng durumlari diginda viriilans genlerinin
(pap, aer, sfa, hly ve cnf-1) prevalans: arastirildi. Antimikrobiyal duyarlilik testleri
sonucunda; siklikla idrar yolu enfeksiyonlari i¢in ampirik tedavide kullanilan
siprofloksasin, trimetoprim-siilfametoksazol, gentamisin, ampisilin ve sefolatinin
saptanan E. coli izolatlainda arastirilan diger ajanlardan daha az duyarli oldugu
saptandi. Her iki yasg grubunda da en yiiksek oranda saptnan viriilans genler pap ve
aer olarak bulundu. Pediatrik yas grubunda en az oranda saptanan genler; sfa ve hly
iken yetiskin yas grubunda en az oranda saptanan gen hly olarak saptandi.
Uropatojenik E. coli izolatlarinda viriilans faktérleri ile antimikrobiyal direng
paternleri arasinda bir ikigki oldugunu gosteren yayin sayisi literatiirde yok denecek
kadar azdir. Antimikrobiyallere diren¢ ile viriilans faktorlerinin iliskisinin
degerlendirilebilmesi i¢in daha biiyiik calisma gruplari gerekmektedir.

Anahtar Kelimeler: E.coli,Viriilans,PCR,Antimikrobiyal Duyarlilik

Yayn Bilgisi
Gonderi Tarihi:24.02.2017
Kabul Tarihi:24.03.2017

Online Yayin Tarihi: 31.06.2017

Sorumlu Yazar

Kerem YILMAZ

Evaluation of Antimicrobial Resistance and Virulence Genes in Uropathogenic Escherichia coli

in Pediatric and Adult Patients

Kerem YILMAZ?!, Safak ERMERTCAN?Z, Hiiseyin TASLI?, Semra KURUTEPES, Tayfur DEMIRAY*

Abstract

We aimed to evaluate the antimicrobial resistance patterns and the prevalence of certain
virulence genes in uropathogenic E. coli isolated from pediatric and adult patients with
uncomplicated urinary tract infection. We examined nonduplicate 83 uropathogenic E. coli
isolated from mid-stream clean-catch urine samples of the pediatric and adult outpatients with
the diagnosis of acute uncomplicated urinary tract infection. VITEK® 2 automated system
(bioMerieux, Marcy I’Etoile, France) was used for identification and determination of
antimicrobial resistance. We examined the isolates in respect to their antimicrobial resistance
patterns and the presence of virulence genes (pap, aer, sfa, hly and cnf-1). Antimicrobial
susceptibility testing results of the E. coli isolates revealed that commonly used empiric
antimicrobials (ciprofloxacin, trimethoprim—sulfamethoxazole, gentamicin, ampicillin and
cephalothin) for urinary tract infections were less effective than others. Most frequently
detected virulence genes were pap and aer in both age groups. Sfa and hly genes were the least
frequently detected genes in the pediatric age group; hly gene was the also the least common
in the adult age group. There was no association with virulence factors and antimicrobial
resistance patterns of the uropathogenic E. coli isolates in contrary to literature. More
comprehensive studies with larger sample groups are needed to demonstrate the relation
between virulence factors with antimicrobial drugs in different age groups.
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INTRODUCTION

Urinary tract infection (UTI) is the infection of
the urethra, bladder, ureter, and kidneys with any
microbial pathogen and it is the most common
bacterial infection in all ages1.The incidence of
UTIs are estimated to be about 150-250 million
cases worldwide and UTIs are associated with

considerable morbidity and health care cost2-4.

The most common bacterial pathogen causing
UTI is the uropathogenic Escherichia coli
(UPEC)!. UPEC isolates harbor many genes
encoding diverse virulence factors. These
virulence factors are mainly adhesions, toxins,
iron acquisition systems, biofilms and other
They

isolate to

virulence  factors®®, contribute  in

persistence of the enhanced
pathogenicity resulting infection by colonization,
invasion, reduction of the host immunity®’. The
functions and genetic properties of the virulence
factors of UPEC isolates are well characterized®
10 Host factors and bacterial virulence factors are
important in urinary tract infection pathogenesis.
Features such as capsule forming, ability to
attach to uroepithelial cells, reproduction rate in
P and S fimbria

existence, siderophore (aerobactin, enterobactin)

urine, serum resistance,
production, cytotoxic necrotizing factor-1 and
hemolysin existence, belonging to a specific O
and K serogroup, colistin V production and
resistance to antimicrobials can be specified

within common virulence factors of UPEC,
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Major virulence factors of the UPEC, such as p
fimbriae (pap), s fimbriae (sfa), haemolysin
(hly), cytotoxic necrotising factor (cnf-1) and
aerobactin (aer) play important role in the
pathogenesis of E. coli strains by overcoming

host defense mechanisms and causing disease'?.

We aimed to evaluate the antimicrobial
resistance patterns and the prevalence of certain
virulence genes in uropathogenic E. coli isolated
and adult with

from pediatric patients

uncomplicated urinary tract infection.

MATERIALS AND METHODS

Patients and Bacterial isolates

Uropathogenic E. coli isolates were collected
from Celal Bayar University Hospital,
Department of Medical Microbiology, during
in 2013. We examined

nonduplicate 83 uropathogenic E. coli isolated

six-month period

from mid-stream clean-catch urine samples of
the pediatric and adult outpatients with the
diagnosis of acute uncomplicated urinary tract
infection. Organisms were included in our study
when they occurred as a pure culture and at a
concentration more than 10° CFU/ml. Isolation
and identification were performed by
conventional biochemical tests as well as by
VITEK® 2 automated system (bioMerieux, Marcy
[’Etoile, France). Antimicrobial susceptibility
testing of the isolates was performed by modified
Kirby-Bauer disk diffusion method according to

the recommendations of the CLSI*3. The isolates
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were stored in brain heart infusion broth (Merck,
Darmstadt, Germany) with 10% glycerol at -
80°C.

Extraction of bacterial DNA

The stored E. coli isolates were subcultured
overnight at 37 °C in Luria-Bertani Broth
(Merck, Germany) and genomic DNA was
extracted by using commercial DNA extraction
kit (PureLink Genomic DNA Mini Kit,
Invitrogen, USA).

Multiplex Polymerase Chain Reaction

We used the primers previously reported by
Yamamoto et al.!* for detection of pap, sfa, hly,
cnf-1 and aer genes in this study (Table 1).
Reference primer sequences were determined by
the information obtained from Genbank. The
primers used in this study were listed in Table 1.
The multiplex PCR was performed in a total 50
pl containing the following components: 10 pl of
bacterial DNA sample, x10 buffer solution
(ThermoFisher Scientific, USA), 25 mM MgCly,
deoxyribonucleotide
(containing 5 mM of dATP, dTTP, dCTP and
dGTP each), 5U of Tag DNA polymerase
(ThermoFisher Scientific, USA), 20 pM each of
pap, cnf-1, sfa primers and 40 pM each of hly,
We the PCR

amplification in three steps: initial denaturation

triphosphate  mixture

aer  primers. performed
at 94 °C for 1 min, followed by 30 cycles of
denaturation at 94 °C for 1 min, annealing at 63
°C for 30 s and extension at 72 °C for 1.5 min
and the final extension for 5 min at 72 °C. Ten

microlitres of the reaction mixture was analyzed
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on a 1% agarose gel by electrophoresis. Bands
were visualized under UV after staining (Safe-
View G108, Applied Biological
Canada).

Quality Control Strains

We used E. coli ATCC 25922 for aer and E. coli
C7 mutant strain for pap, cnf-1, sfa and hly as

Materials,

positive control.

Statistical analyses:
Statistical analyses were performed by
commercial statistical software SPSS version
21.0 (SPSS Chicago, IL, USA).

Comparisons between patient groups and

Inc.,

virulence genes were made with x? or Fisher’s
exact test for categorical variables and Student t
test for continuous variables. A p value <0,05

was considered as significant.

RESULTS

Eighty-three E. coli isolates from pediatric and
adult patients diagnosed with urinary tract
infection in Celal Bayar University Hospital in
Manisa were included in this study. The mean
ages of the pediatric and adult patients was
6,2+4,7 and 38,4+5,1 years, respectively. Male to
female ratio was 21/24 in pediatric age group and

21/17 in the adult age group.

Antimicrobial susceptibility testing results of the
E. coli isolates revealed that commonly used
uTl (eg.

ciprofloxacin, trimethoprim-sulfamethoxazole,

empiric  antimicrobials  for

gentamicin, ampicillin and cephalothin) were
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less effective than others (Table 2). The most of
the susceptible antimicrobial was carbapenem in
both of the age groups. We determined higher

resistance rates in the adult age group.

Most frequently detected virulence genes were

pap and aer in both age groups (Table 3, Figure

1). sfa and hly genes were the least frequently
detected genes in the pediatric age group; hly
gene was the also the least common in the adult
age group, however we did not determine
statistically significant difference between the

patient groups in respect to the virulence genes.

DISCUSSION

Host defence factors and bacterial virulence
factors are important in pathogenesis of urinary
tract infections. Main virulence factors can be
specified as cellular structures, enzymes, toxins
and adhesion structures. Most UPEC isolates
possess specific virulence genes that encode
various virulence factors. These factors are
mostly associated with colonization and survival
of the UPEC in the urinary tract.

Adhesion proteins such as P fimbriae (type-2)
encoded by pap genes and S fimbriae (type-2)
encoded by sfa genes are important for
colonization. We detected pap genes as the most
common virulence genes in both pediatric (64%)
and adult patient groups (63%). sfa genes were
higher in adult group than pediatric group. This

was an expected condition since P fimbriae had
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higher affinity to urogenital epithelial cells than
that of S fimbriae!®2°,

Iron-acquisition systems of the UPEC isolates
are well characterised’. Aerobactin functions in
iron acquisition, which enables pathogenic
bacteria to survive in very low iron
concentrations*”8, We determined aer genes in
pediatric and adult age groups with the rates of

55% and 44%, respectively.

Haemolysin (encoded by hly gene) decreases the
functions of white blood cells and causes severe
damage to renal tubular cells leading severe
complications®!’. Haemolysin is often associated
with clinical severity of the UTIs caused by
UPEC isolates!®. Cytotoxic necrotizing factor-1
(encoded by cnf-1 genes) is another toxin that
alters the phagocytic abilities of the immune
cells. We determined hly and cnf-1 genes less
than pap and aer genes in both patient groups.
This data was logical since we evaluated isolates

from uncomplicated UT]Is in both groups.

Virulence factors related with adhesive systems
are most commonly determined detected genes in
UPEC%-22,
frequency of virulence genes in 90 UPEC isolates
was determined as 52 %, 41 %, 34 %, 19 %, 3 %

and, for aer, pap, sfa, hly, and cnf-1 genes,

In a recent study from Tunisia,

respectively?®. Researcher from Korea figured
out that most common virulence genes associated
with UPEC isolated from children were related to
production of fimbriae and iron- acquisition
determined the

systems®. Farshad et al.
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prevalence rates of sfa, pap C, and hly VFs in
children with UTI as 13.5%, 22.9%, and 14.6%,

respectively?*,

UTIs are very common in both pediatric and
adult ages. UTIs are accepted as quite important
infections not only for their high frequency but
also their possibility to lead severe
complications. Treatment of UTIs requires use of
antimicrobial drugs, which eventually leads
another problematic condition referred as
antimicrobial drug resistance. In our study,
resistance rates of UPEC isolates from pediatric
patients to cefuroxime, cephalothin,
trimethoprim-sulfamethoxazole and ampicilin
and resistance rates of isolates from adult patients
acid,

to amoxicillin-cluvanic cefuroxim,

cephalothin, ciprofloxacin, gentamicin,
trimethoprim-sulfamethoxazole, cefotaxim and
ampicilin to be higher than 50%. However, we
did not determine any association with resistance
patterns and virulence factors. In the literature
there are several studies linking an association
with virulence factors and antimicrobial
resistance, especially with adhesive proteins and
antimicrobial drugs such as ciprofloxacin,

nalidixic acid and trimethoprim-

sulfametaxasole®-28,

As a conclusion, we determined pap and aer
genes most frequently in both pediatric and adult
age groups. There was no association with
virulence factors and antimicrobial resistance
patterns of the UPEC isolates in contrary to

literature.
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More comprehensive studies with larger sample
groups are needed to demonstrate the relation
between virulence factors with antimicrobial

drugs in different age groups.
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Table 1. PCR primers for detection of virulence genes in uropathogenic E. coli.

Primer Sequence Size of PCR
Gene
(5’ to 3%) product (bp)
F AACAAGGATAAGCACTGTTCTGGCT
hly 1177
R ACCATATAAGCGGTCATTCCCGTCA
F AAGATGGAGTTTCCTATGCAGGAG
cnf-1 498
R CATTCAGAGTCCTGCCCTCATTATT
F GACGGCTGTACTGCAGGGTGTGGCG
pap 328
R ATATCCTTTCTGCAGGGATGCAATA
F CTCCGGAGAACTGGGTGCATCTTAC
sfa 410
R CATCAAGCTGTTTGTTCGTCCGCCG

aer F TACCGGATTGTCATATGCAGACCG 602
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Table 2. The antibiotic resistance rates of Uropathogenic E. coli isolates from pediatric and

adult age groups.

Pediatric age group (n= 45) Adult age group

Antibiotics (n=38)

n % n %
AMC 19 42 20 52
CXM 25 55 30 78
KF 23 o1 28 73
CIP 11 24 24 63
GN 16 35 21 55
SXT 30 66 24 63
CTX 18 40 24 63
CAZ 7 15 16 42
IPM 1 2 2 5
ATM 14 31 16 42
AMP 29 64 26 68

AMC: Amoxicilline-clavulonate, CXM: Cefuroxim, KF: Cephalothin, CIP: Ciprofloxacin, GN:
Gentamicin, SXT: Trimethoprim-sulfamethoxazole, CTX: Cefotaxime, CAZ: Ceftazidime, IMP:

Imipenem, ATM: Aztreonam, , AMP: Ampicillin
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Table 3: PCR results of virulence genes in uropathogenic E. coli isolates.

Pediatric age group (n=45)  Adult age group (n=38) p value
Genes
n % n %
pap 29 64 24 63
sfa 7 15 11 28
>0.05
cnf-1 9 20 12 31
aer 25 55 17 44
hly 8 17 8 21

10
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Figure 1. Agarose gel image of amplicons generated in multiplex PCR protocols with
positive control strains (Line 1: E. coli C7 strain, Line 2: E. coli ATCC 25922), negative

control (Line 3) and 13 out of 83 uropathogenic E. coli isolates.
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