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110 uropathogenic Escherichia coli strains (UPEC) obtained from the Institute of Micro-
biology and Immunology of the Medical Faculty in Ljiubljana were screened by PCR with
primers specific for the following toxin encoding genes. hlyA (haemolysin), cnf1 (cytotoxic
necrotising factor 1), usp (uropathogenic specific protein USP) and ibeA (invasin). Dot
blot hybridisation experiments were performed to validate the PCR assays.

In 44% of the strains usp gene sequences were detected. The prevalence of hlyA and cnfl
was 25% and 23 %, respectively. Only 9% of the strains harbored ibeA. The majority of the
tested toxin encoding genes was found in strains belonging to the B2 phylogenetic group.

The toxin encoding genes hlyA, cnf1 and usp were strongly co-associated. Further, we found
a statistically significant co-association of ibeA and usp. The prevalence of the tested
toxin encoding genes in E. coli strains from urinary tract infections isolated in Slovenia is
comparable to those from studies in other geographic regions.

uropathogenic Escherichia coli; UPEC; toxins; hlyA; cnfl1; ibeA; usp genes

Izvlecek

Izhodisca

Bakterija Escherichia coli (E. coli) je enterobakterija, ki Zivi v spodnjem delu prebavila
cloveka in toplokrvnih Zivali. Kljub temu da je E. coli del normalne mikrobne flore, lahko
povzroci okuzbe. Pestrost obolenj, v katere je vpletena E. coli, je precejsnja, saj lahko
povzroca drisko, vnetje secnika in ledvic, pljucnico, vnetje mozganskih ovojnic, okuzbe
ran in drugo. Patogeni sevi se razlikujejo od nepatogenih po tem, da imajo v svojem genomu
genske zapise za virulentne dejavnike (toksine, adhezine, kapsule ...). Okuzba secil je ena
izmed najpogostejsih bakterijskih infekcij in E. coli povzroca vecino teh okuzb. Zaradi
pogostnosti pojavljanja okuzb v secilih so virulentni dejavniki sevov E. coli, ki povzrocajo
te okuzbe (UPEC - uropatogena E. coli), za preucevanje zelo zanimivi. Kar nekaj toksi-
nov: alfa-hemolizin (HlyA), citotoksicni nekrotizirajoci dejavnik (CNF1), invazin (IbeA)
in uropatogeni specificni protein (USP), povezujejo s patogenostjo sevov UPEC. Zbrane
informacije o pogostnosti zapisov za toksine bi lahko bile tudi osnova za diagnostiko okuzb
z UPEC sevi.
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Metode

Rezultati

Zakljucki

Proucevali smo 110 uropatogenih sevov bakterije E. coli, ki smo jih na Institutu za mikro-
biologijo in imunologijo Medicinske fakultete v Ljiubljani osamili iz diagnosticnih vzorcev
urina, z namenom dolociti gene, ki imajo zapise za nekatere znacilne bakterijske toksine:
hilyA (hemolizin), cnf1 (citotoksicni nekrotizirajoci faktor 1), ibeA (invazin) in usp
(uropatogeni specificni protein USP). Uporabili smo metodo verizne reakcije s polimerazo
(PCR) z zacetnimi oligonukleotidi, specificnimi za posamezne proucevane genske zapise
za toksine. Zanesljivost uporabljene metode PCR smo preverili z metodo hibridizacije
tockovnega odltisa.

Pri44 % sevov smo dokazali gen usp, prevalenca gena hiyA je bila 25 % in gena cnfl 23 %.
Samo pri 9 % sevov smo dokazali gen ibeA za invazin. Vecino najdenih genskih zapisov
za toksine smo nasli v sevih filogenetske skupine B2. Medsebojna povezanost pojavijanja
genskih zapisov za toksine HlyA, CNF1 in USP je bila statisticno znacilna. Pojavijanje
genskega zapisa za ibeA je bil statisticno znacilno povezano samo s pojavijanjem
genskega zapisa za usp.

Dobljeni rezultati kazejo, da so proucevani genski zapisi za toksine pri preiskovanih
UPEC sevih prisotni v podobni meri kot pri podobnih tujih raziskavah. Ker nobena izmed
Ze objavijenih raziskav ni vkljucevala vseh Stirih v tej raziskavi proucevanih genskih
zapisou, je ta raziskava prva, ki je pokazala statisticno znacilno povezanost ibeA in usp.

Klju¢ne besede uropatogena Escherichia coli; UPEC; toksini; geni hlyA; cnfl; ibeA; usp

Introduction

Urinary tract infections (UTIs) are one of the most
frequent bacterial infections especially in women. Up
to one third of women will suffer from an episode of
UTI during their lifetime.! UTI is diagnosed by either
clinical observation or isolation of the causative
microorganism from pathologic urine.? In Slovenia
uropathogenic Escherichia coli (E. coli) strains (UPEC)
cause approximately 80 % of uncomplicated urinary
tract infections.? The ability of uropathogenic strains
to cause diseases is due to possession of
virulence factors: adhesins, toxins, polysaccharide
coatings, invasins and iron uptake systems.t It is
essential to link a pathogen’s virulence factors to
clinical manifestations, especially recurrent UTIs.

In pathogenic E. coli strains several important toxins
have been identified. The best known are alpha
hemolysin (HlyA) and cytotoxic necrotizing factor 1
(CNF1), which have been associated with UPEC
strains.” Well known toxins are also invasins, the Ibe
proteins that help E. coli strains to invade the human
brain microvascular endothelial cells.® The presence
of IheA protein is statistically significantly higher in
strains causing cystitis and/or pyelonephritis.” The
gene for the uropathogenic specific protein (USP) that
was found as a homologue of the Vibrio cholerae
zonula occludens toxin encoding gene,® has been
significantly more often detected in UPEC strains than
in fecal strains from healthy individuals.?

To diminish the burden of UPEC, using effective pre-
ventive measures, data on virulence factor prevalence
in different geographic regions must be assessed.
Since bacterial toxins are a potentially good target for
a vaccine a number of studies analysing the pre-
valence of virulence factors, including toxins, in dif-
ferent UPEC have been performed.'*-'? As no such data
was available for the geographic region of Slovenia,

the aim of the present study was to analyse the pre-
valence of toxin encoding genes in 110 E. coli strains
causing UTI in Ljubljana, Slovenia.

Material and methods

Bacterial strains

A total of 110 E. coli isolates (designated DL 1 to DL
110) from diagnostic urine samples of people with
urinary tract infections treated in 2002, at the Insti-
tute of Microbiology and Immunology, Medical Fa-
culty, Ljubljana, were studied. Only one isolate from
each patient was analysed.

Ninety-four (86 %) of the patients were women. The
serotype, phylogenetic groups and traits typical of
horizontal gene transfer (traT, integrons, rep) were
determined previously.'?

Detection of toxin encoding genes

The primers and PCR conditions used to amplify
genes encoding toxins with polymerase chain re-
action (PCR) are listed in Table 1. Lysates for PCR were
prepared by boiling, according to Le Bouguenec et
al,'” of overnight cultures grown in liquid Luria
Bertani (LB) medium. Amplification was performed
in an automated thermal cycler (UNOII, Biometra,
Gottingen, Germany) in a 50 ul reaction mixture con-
taining template DNA (10 ul of boiled lysate), 20 pmol
of forward and reverse primer, 0.2 mM of dNTP mix-
ture, 1.25 U Tag DNA polymerase and 2.5 mM MgCl,
in 1x PCR buffer (Fermentas, Vilnius, Lithuania).

Dot blot hybridisation experiments using the »DIG
DNA Labelling and Detection kit« (Roche, Mannheim,
Germany) were performed to validate the PCR assays.
Probes were prepared using the same primers as for
the PCR experiments and labelled with digoxigenin.
The template DNA samples were the same as in the
PCR experiments.
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Table 1. Oligonucleotide primers and PCR conditions to detect toxin encoding genes.

Razpr. 1. Oligonukleotidni zacetniki in pogoji PCR za ugotavljanje genskih zapisov za toksine.

Gene  Oligonucleotide sequence (5’ to 3”) Size of product (bp) PCR conditions Reference
Gen Oligonukleotidno zaporedje (od 5’ do 37) Velikost produkta (bp) Pogoji PCR Referenca
hiyA aacaaggataagcactgttctgget N .
accatataagcggteattccegtea 177 95°C 2.5 min 1x 14
94 °C 0.5 min
64 °C 0.5 min 30 x
72°C 1.5 min
72°C 7 min 1x
enfl ctgacttgeegtggtitagtcgg o . y
tacactattgacatgctgeccgga 1295 94°C 4 min 1 15
94 °C 1.5 min
59 °C 1.5 min 30 x
72°C 2 min
72°C 5 min 1x
ibeA aggcaggtgtgcgecgegtac 170 94°C 2.5 min 1x 1
tggtgctecggeaaaccatge '
94 °C 0.5 min
63°C 0.5 min 25 x
72°C 3 min
72°C 10 min 1x
usp - atgetactgiileeggglagtaigl 1000, 2500, 3000 95°C 2.5 min 1x 16
catcatgtagtcggggegtaacaat
94 °C 0.5 min
68 °C 1 min 30 x
72°C 1 min
72°C 7 min 1x

Statistical analysis

The significance of the results was established using
the Fisher’s exact test (2-tailed) available on-line on
the web site http://www.matforsk.no/ola/fisher.htm
and the level of significance was set at a P value
< 0.05. To reveal the degree of association the Pear-
son’s correlation coefficient was calculated on-line on
the web site http:;//www.quantativeskills.com/sisa/
statistics/twoby2.htm. Interpretation of the correlation
coefficient was as follows: 0.1 to 0.29 - small correla-
tion, 0.3 to 0.49 - medium correlation and 0.5to 1 -
large correlation.

Results

Prevalence of toxin encoding genes

The presence of toxin encoding genes in the genomes
of DL strains was screened by PCR and validated in
the hybridization experiments. Figure 1 gives an
example for ibeA detection. Among the screened
toxin encoding genes the usp gene had the highest
prevalence as usp specific nucleotide sequences were
detected in 48 strains (44 %). The prevalence of hlyA
and cnf1 was similar, 28 (25 %) and 25 strains (23 %),
respectively, possessed the tested nucleotide sequen-
ces. Only 10 strains (9 %) harbored ibeA sequences
(Figure 2).

Distribution of toxin encoding genes among
phylogenetic groups

E. coli isolates can be divided into four main phylo-
genetic groups A, B1, B2 and D.'® Analysis of the
distribution of toxin encoding genes among the pre-
viously determined phylogenetic groups of studied

strains'? revealed that the tested toxin encoding genes
hiyA, enfl, ibeA and usp are mostly harbored by UPEC
strains belonging to the B2 phylogenetic group
(Table 2).

Table 2. Distribution of toxin encoding genes among
E. coli phylogenetic groups.
The prevalence of toxin encoding genes among phy-
logenetic groups is given as the total number N and %
of found toxin encoding gene sequences in different
phylogenetic groups.
Razpr. 2. Razporeditev genskih zapisov za toksine po
Sfilogenetskih skupinah E. coli.
Prevalenca genskih zapisov za toksine v posameznih

filogenetskih skupinah je podana kot Stevilo N in %

najdenih genskih zapisov za toksine v razlicnih filo-
genetskih skupinah.

Toxin encoding Prevalence N (%) in phylogenetic group

gene Prevalenca N (%) v filogenetski skupini Total
Genski zapis A B1 B2 D Skupaj
za toksin (N=28) (N=6) (N=55 (N=21) (N=110)
hiyA 1(4) 0 26 (47) 1(5) 28(25)
enfl 0 0 25 (45) 0 25(23)
ibeA 0 0 9(16) 1(5) 10 (9)
usp 1(4) 0 42(706) 5(24)  48(44)

Co-associations of toxin encoding genes

The toxin encoding genes hlyA, cnfl and usp were
strongly co-associated (Tab. 3). These three genes
often appeared concomitantly (19 of hlyA positive
strains (68 %) possessed also cnf1 and usp gene se-
quences). The ibeA gene was associated only with the
usp gene, albeit this correlation was small (Pearson’s
correlation coefficient r = 0.296), it was statistically
significant (P =0.002) (Table 3).
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Figure 1. An example of detection of toxin encoding
genes - detection of the ibeA gene.

(A) Visualization of PCR products obtained in PCR
reactions on lysates of DL strains with primers speci-
fic for the ibeA gene (1 % agarose gel, stained with
ethidium bromide).

M: marker —1 kb DNA ladder (Fermentas, Vilnius,
Lithuania); 1: strain DL 3 (ibeA-); 2: strain DL 9
(ibeA-); 3: strain DL 23 (ibeA-); 4. strain DL 29 (ibeA+);,
5:strain DL 30 (ibeA-); 6. strain DL 49 (ibeA-); 7: strain
DL 54 (ibeA+); 8: strain DL 88 (ibeA+); 9: strain DL
89 (ibeA+); 10: strain DL 90 (ibeA-); 11: laboratory
strain DH5 o (ibeA-) and 12: negative control — a PCR
reaction with sterile water instead of a lysate.

(B) Validation of the PCR assay with DIG hybridi-
zation of a ibeA specific probe on ibeA PCR products
(10ul) bound to a nylone membrane.

1: strain DL 3 (ibeA-); 2: strain DL 9 (ibeA-); 3. strain
DL 23 (ibeA-); 4. strain DL 29 (ibeA+); 5: strain DL 30
(ibeA-); 6: strain DL 49 (ibeA-); 7: strain DL 54 (ibeA+);
8: strain DL 88 (ibeA+); 9: strain DL 89 (ibeA+); 10:

strain DL 90 (ibeA-).

SL. 1. Primer detekcije genskega zapisa za toksin — de-
tekcija gena ibeA.

(A) Prikaz pridelkov PCR, dobljenih v reakcijah PCR
na lizatih sevov DL z zacetnimi oligonukleotidi speci-
Sficnimi za gen ibeA (1 % agarozni gel, obarvan z eti-
dijevim bromidom).

M: standard - 1 kb DNK-lestvica (Fermentas, Vilnius,
Litva); 1:sev DL 3 (ibeA-); 2: sev DL 9 (ibeA-); 3: sev DL
23 (ibeA-); 4: sev DL 29 (ibeA+); 5: sev DL 30 (ibeA-);
6. sev DL 49 (ibeA-); 7: sev DL 54 (ibeA+); 8: sev DL 88
(ibeA+); 9: sev DL 89 (ibeA+); 10: sev DL 90 (ibeA-);
11: laboratorijski sev DH5a (ibeA-) in 12: negativna
kontrola - reakcija PCR s sterilno vodo, namesto li-
zata.

(B) Preverjanje PCR z DIG-hibridizacijo z vezavo
sonde specificne za ibeA na produkte ibeA iz PCR
(10 ul), vezane na najlonski membrani.

1: sev DL 3 (ibeA-); 2: sev DL 9 (ibeA-); 3: sev DL 23
(ibeA-); 4. sev DL 29 (ibeA+), 5: sev DL 30 (ibeA-); 6:
sev DL 49 (ibeA-); 7: sev DL 54 (ibeA+); 8: sev DL 88
(ibeA+); 9: sev DL 89 (ibeA+), 10: sev DL 90 (ibeA-).
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Figure 2. Prevalence (in % of the total 110 studied E.
coli strains) of tested toxin encoding gene sequences.

SL. 2. Prevalenca (v % od 110 preucevanih sevov E.
coli) genskih zapisov za toksine.

Table 3. Co-association of tested toxin encoding genes.

Numbers below the diagonal are the r value of Pear-

son’s correlation coefficient. Numbers above the dia-
gonal are P values of Fisher’s exact test.

Razpr. 3. Vezanost genskih zapisov za toksine.
Stevila pod diagonalo so vrednosti r Pearsonovega
korelacijskega koeficienta. Stevila nad diagonalo so

vrednosti P Fisherjevega eksakinega testa.

Toxin encoding gene

Genski zapis za toksin hiya enfl ibed usp
hiyA <0.001 NS/NZ <0.001
cnfl 0.729 NS/NZ <0.001
ibeA 0.040 0.021 0.002
ups 0.496 0.529 0.296

NS/NZ = not significant / ni znacilno

Discussion

The repertoire of virulence genes present in a certain
strain determines the severity of disease.* Toxins are
well established virulence factors that are often
responsible for the major symptoms of a bacterial in-
fection. In the presented study 110 UTI E. coli strains
were characterized using PCR with primers specific
for four toxin encoding genes: hlyA, cnfl1, ibeA and
usp. Analysis of the prevalence of hlyA, cnfl, usp and
ibeA sequences among strains from our study (25, 23,
44,and 9 %, respectively) compared to studies of uro-
pathogenic E. coli isolates from other geographic
regions (Tab. 4) showed a comparable prevalence of
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Table 4. Comparison of results from different studies of UTI toxin encoding genes.

Razpr. 4. Primerjava rezultatov razlicnih raziskav genskih zapisov za toksine pri okuzbi secil.

Toxin encoding gene prevalence (%)
Prevalenca genskih zapisov za toksine (%)

itauzciizkava hiyA/D enf1 ibeA usp EZ?Z:ZES
;2 gﬁfﬁ&?ﬁféﬁfﬁ?ﬁ %i%i)r;)@ka ) 51 36 N 93 19,20
;2 i v (SZAI%A) 36 34 24 N 21

170 Dielonehidinis sevow (ZDAY 39 N 1 N ;
154 cotiinh sevor (aponska) it 8 N 79 19,20
100 cotiientsseven Garaeh 44 34 N N 2
;2 izi;sx‘ftriiiglié}i{gI:e%ri]lil‘(l%{omunij a) 23 13 N N 23

332 i&?ﬁilg;ﬁ%lzzcu (Italija) 21 19 N N 24
110 UTI strains (Slovenia) 25 23 9 44 this study

110 sevov iz okuzb secil (Slovenija)

ta raziskava

N = not available / ni navedeno

toxin encoding genes. However, it has to be noted
thatamong E. coli collections of strains causing either
cystitis!*-# or pyelonephritis”*2° a higher prevalence
of toxin encoding genes can be found than among
collections of mixed UTI E. coli isolates.?3 % thisstudy
The tested toxin encoding genes were mostly found
in strains belonging to the B2 phylogenetic group
(Table 2). Picard et al.?> established the link between
phylogeny and extraintestinal virulence in the E. coli
species. They showed that the strains of the B2 group
represent a divergentlineage of highly virulent strains
that possess the highest level of virulence determi-
nants. Therefore the observed distribution of tested
toxin encoding genes in our study is not surprising.
Uropathogenic strains are known to carry large chro-
mosomal regions, pathogenicity islands (PAI), encod-
ing several virulence factors required for virulence. A
number of PAIs have been defined in the archetypal
uropathogenic strains 536,96 and CFT073. The high
associations found between hlyA, cnfl and usp that
are known to be carried on PAIs*® are therefore ex-
pected. When Marrs et al. were trying to define patho-
types of E. coli strains causing UTI, similar to patho-
types defined for E. coli isolates causing enteric/diar-
rheal diseases, they also found a strong association
between cnf1 and hilyA and these two genes were used
as key genes to determine the two most virulent UTI
pathotypes, pathotype 1 (E. coli isolates with HlyA,
CNF1, class III P-fimbriae) and pathotype 2 (E. coli
isolates with HlyA, CNF1, S-fimbriae).? Further, a sta-
tistically significant co-association of ibe4 and usp was
ascertained. To our knowledge in no previously pub-
lished study all four toxin coding genes were screened
for, so this is the first report of a statistically signifi-
cant co-association of these two genes.

It should be noted, that some of UTIs have an organic
cause, for example an obstruction of urinary tract in
the form of urinary stones, or a tumor, which pre-
disposes a patient to an infection. Further, the pre-

sentation of the infection is sometimes misapprehend-
ed as urinary tractirritation like urinary stone passage,
overactive bladder or prostatism.? Therefore, further
studies of the prevalence of toxin and other virulence
factors encoding genes among UPEC strains isolated
from patients with different clinical pictures would
be interesting, especially as these results could build
the basis for diagnostics of UPEC strains.

In summary, we have found among the UTI E. coli
strains isolated in Slovenia a prevalence of common
virulence toxin encoding genes comparable to those
obtained in studies in different geographic regions.
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