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Abstract

Background. Urinary tract infection (UTI) is one of the most common bacterial infections among children.
Chronic pyelonephritis is a renal injury induced by recurrent or persistent renal infection. The severity of the UTI
depends both on the virulence of the infecting bacteria and the susceptibility of the host. Uropathogenic
Escherichia coli (UPEC) strains display a variety of virulence factors that help to colonize host mucosal surfaces
and circumvent host defenses to allow invasion of the normally sterile upper urinary tract.

Objectives. The purpose of this study was to determine the occurrence of virulence factors among UPEC isolates.
Material and Methods. Sixty-six E. coli strains isolated from the urine of children with chronic pyelonephritis were
tested for mannose-resistant hemagglutination in order to indicate P fimbriae. Cell-surface hydrophobicity was
assayed by two methods: the bacterial adhesion to hydrocarbon-xylene test (BATH) and the salt aggregation test
(SAT). The ability to adhesion was directly measured by using uroepithelial cells. The bacteriophage K1A was used
to detect the presence of the capsular antigen K1. The production of a-hemolysin was assessed using blood agar.
Results. Among the isolates studied, the prevalence of the virulence factors 0-hemolysin, hydrophobicity, P fim-
briae, adhesion to uroepithelium, and K1 capsule were 77%, 74%, 42%, 42%, and 29%, respectively. Most of the
E. coli strains (37.9%) expressed two virulence factors.

Conclusions. Hydrophobicity and the production of 0-hemolysin in E. coli strains are important virulence factors
in the pathogenesis and development of chronic pyelonephritis (Adv Clin Exp Med 2007, 16, 5, 651-657).
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Streszczenie

Wprowadzenie. Zakazenia uktadu moczowego (z.u.m.) sa jednymi z najczesciej wystepujacych infekcji wsréd
dzieci. Przyczyng przewleklego odmiedniczkowego zapalenia nerek sg stale nawracajace zakazenia uktadu moczo-
wego, z powodu ktérych dochodzi do uszkodzenia migzszu nerek. Przebieg z.u.m. zalezy od zjadliwosci bakterii
oraz wrazliwosci organizmu cztowieka. Czynniki wirulencji uropatogennych szczepéw E. coli (UPEC), umozli-
wiajace adhezje do tkanek zywiciela, a takze chronigce bakterie przed dziataniem uktadu odpornosciowego makro-
organizmu, pozwalaja na kolonizacje¢ gérnych drég moczowych.

Cel pracy. Okreslenie czgstosci wystepowania czynnikéw wirulencji wsréd UPEC.

Material i metody. W badaniach wykorzystano 66 szczepéw E. coli wyizolowanych z moczu dzieci chorych na
przewlekte odmiedniczkowe zapalenie nerek. Obecnos¢ fimbrii P ustalono na podstawie testu hemaglutynacji. Hydro-
fobowos¢ powierzchni komérek oznaczono dwiema metodami: bakteryjnej adhezji do ksylenu (BATH) i agregacji
bakterii w siarczanie amonu (SAT). Okreslono przyleganie pateczek E. coli do uroepitelium. W celu wykrycia
otoczkowego antygenu K1 uzyto bakteriofaga K1A. Zdolnos¢ do wytwarzania 0-hemolizyny ustalono z uzyciem
agaru z krwig baranig.

Wyniki. Wsréd badanych szczepéw E. coli 77% wytwarzato a-hemolizyng, 74% miato hydrofobowa powierzch-
ni¢. Szczepy, u ktérych wykryto fimbrie P (42%) wykazywaty jednoczesnie zdolnosci adhezyjne do uroepitelium.
Antygen K1 stwierdzono u 29% izolatéw. Najwigcej pateczek E. coli (37,9%) charakteryzowalo si¢ obecnoscig
dwoch czynnikéw wirulencji.
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Whioski. Jednoczesne wystepowanie w paleczkach E. coli powierzchni hydrofobowej oraz zdolnosci do wytwa-
rzania 0-hemolizyny ma istotne znaczenie w patogenezie i rozwoju przewleklego odmiedniczkowego zapalenia

nerek (Adv Clin Exp Med 2007, 16, 5, 651-657).

Stowa kluczowe: Escherichia coli, czynniki wirulencji, odmiedniczkowe zapalenie nerek.

Escherichia coli are the most common
microorganisms causing urinary tract infections
(UTlIs). Uropathogenic E. coli (UPEC) strains pos-
sess several virulence determinants that allow
them to colonize the urinary tract, avoid host
defenses, and cause damage to the uroepithelium
[1]. Virulence factors of recognized importance in
the pathogenesis of UTI include those produced on
the surface of the cell: adhesins (P fimbriae, cer-
tain other mannose-resistant adhesins, and type 1
fimbriae), hydrophobic cell surface, the K capsule,
and those factors produced within the cell and then
exported to the site of action, e.g. a-hemolysin
(Hly) [2, 3]. The adherence of E. coli to uroepithe-
lial cells is perhaps the most important event in the
pathogenesis of UTI. Adhesion to the uroepitheli-
um may protect the bacteria from urinary lavage,
increasing their ability to multiply and invade
renal tissue. P-fimbriae is the most important
adhesin expressed by uropathogenic E. coli [4].

E. coli is the most common infecting pathogen
in children, accounting for up to 80% of UTIs.
Other pathogens include Enterococcus spp., a vari-
ety of enterobacteria (e.g. Klebsiella, Proteus,
Enterobacter, and Pseudomonas) and, occasionally,
Staphylococcus, Streptococcus, and Candida albi-
cans. The virulence of the invading bacteria and the
susceptibility of the host are of primary importance
in the development of UTI [5]. Among children
aged less than one year, the prevalence of UTI in
girls is 6.5% compared with 3.3% in boys. The inci-
dence of UTI in infants ranges from approximately
0.1% to 1.0% in all newborn infants to as high as
10% in low-birth-weight infants. After one year of
age, the prevalence of UTI in boys decreases to
1.9%, whereas it increases slightly to 8.1% in girls.
In preschool-aged children the prevalence of
asymptomatic infections diagnosed by suprapubic
aspiration is 0.8% in girls compared with 0.2% in
boys. In the school-age group the incidence of bac-
teriuria among girls is 30 times higher than among
boys (1.2% versus 0.04%) [6, 7]. The aim of this
study was to analyze the prevalence of five viru-
lence factors in E. coli strains isolated from the
urine of children with chronic pyelonephritis.

Material and Methods

Bacterial isolates from 66 bacteriuric patients
(more than 10* E. coli bacteria per milliliter of
clean-voided urine) were obtained from the J. Kor-

czak Lower Silesian Pediatric Center. The bacteria
were characterized biochemically as E. coli using
the API 20E System. All the strains were stored in
deep-agar tubes at +4°C (1.5% nutrient agar) and
cultured by passaging on Tryptic Soy agar (TSA)
before use.

Hemagglutination
and Expression of P Fimbriae

Hemagglutinins were detected by agglutina-
tion of erythrocytes from humans with blood group
O in the presence or absence of D-mannose [8].

Hydrophobicity

The surface hydrophobicity of bacterial cells
was assessed. Two methods were used: testing the
bacterial adhesion to hydrocarbon-xylene (BATH)
and the salt aggregation test (SAT). The BATH test
was performed as originally proposed by
Rosenberg et al. [9]. The bacterial suspensions
were vortexed with xylene (1 ml) for 60 seconds
and then left for 30 minutes. After the samples had
separated into two layers, the aqueous layer was
removed and the absorbance at 470 nm (A470um)
was measured. The results were expressed as the
percent decrease in optical density of the lower
aqueous phase compared with the optical density
of the cell suspension without xylene. A strain was
considered hydrophilic if it expressed < 35% adhe-
sion to xylene. SAT was performed according to
the method of Ljungh et al. [10]. The suspensions
(50 pl) were mixed with a series of dilutions of
ammonium sulfate (50 pl) ranging from 0.2 to
2.0 mol/l. The lowest concentration of ammonium
sulfate at which bacterial aggregation was visible
was determined. Autoaggregating strains were
described as strongly hydrophobic. A strain was
considered hydrophobic if it aggregated in ammo-
nium sulfate concentrations of < 1.4 mol/I.

Adherence Assay

Human periurethral epithelial cells were col-
lected from fresh urine sediment from healthy
females who were not being treated with antibi-
otics at the time. The cells were washed three
times in PBS. The pellets were then resuspended
in PBS to give 10° cells/ml (Biirker chamber
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count). Equal volumes of epithelial cells (10° cells/
/ml) and antibiotic-treated bacterial suspensions
(3 x 108 cells/ml) were mixed for 60 minutes at
37°C. Unattached bacteria were removed from the
suspension by centrifugation. The resulting pellets
were dried on glass slides in air and were Gram
stained. The number of attached bacteria on 100
separate cells was calculated by direct light
microscopy and adherence was determined as the
mean number of bacteria attached per cell + the
standard deviation (SD) [11].

Detection of Capsular
Antigen K1

Test strains of E. coli were inoculated into 4 ml
of nutrient broth and incubated at 37°C for four
hours. Every single streak of each culture was then
placed on nutrient agar and allowed to dry (about
5 minutes). When the streaks were dry, 10 pl of
a bacteriophage K1A suspension was placed in the
center of each. After an 18-h incubation, the pres-
ence of Kl was indicated by a distinct reduction in
the density of the bacterial growth where the bac-
teriophage suspension had been placed. K1 cap-
sule production was verified by the presence of
a clear zone of lysis [12]. The K1A phage and the
E. coli B2095 (02 : K1) standard strain used for
proliferation of the phage were from the collection
of Dr. G. Schmidt (Institut fr Experimentalle
Biologie und Medizin, Forschungsinstitut Borstel,
Germany)

% of strains
% szczepbw

a-Hemolysin Production

The production of hemolysin was assayed by
growing the different strains in Luria-Bertani
Broth (LB) medium overnight (at 37°C) and drip-
ping 50 pl of this culture on a Petri dish containing
sheep blood agar. Then the culture was incubated
at 37°C overnight and hemolysin production was
verified by the presence of a clear hemolytic halo
around the colony [13].

Results

It is essential for clinicians to know the viru-
lence characteristics of microorganisms causing an
infection in order to better anticipate the evolution
of the disease in the host. Figure 1 shows the distri-
bution of E. coli virulence factors in the diagnostic
group. The results show that most of the E. coli
strains (77%) produced 0-hemolysin when grown
on blood agar medium. Among the 66 investigated
strains, 49 (74%) exhibited hydrophobic surface
properties. P fimbriae were expressed in 28 (42%)
of the E. coli strains isolated from the urine of
patients. The adherence assays showed that 42% of
the isolates presented adhesion to uroepithelial cells
and the mean number of bacteria adhering to epithe-
lium ranged from 18 + 4 to 58 + 8. Only 19 (29%)
of the UPEC strains produced the K1 capsule.

The examined E. coli strains were divided into six
groups according to their number of virulence factors
(Table 1). Of all the E. coli strains, only two (3%) iso-
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Fig. 1. Virulence factors in E. coli rods from urine of children with chronic pyelonephritis

Ryec. 1. Czynniki wirulencji pateczek E. coli wyizolowanych z moczu dzieci chorych na przewlekle odmiedniczkowe
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Table 1. Virulence patterns identified in UPEC strains
Tabela 1. Wzory wirulencji okreslone u UPEC
Virulence patterns Number of virulence Toxic phenotypes Number of strains %
(Wzory wirulencji) | factors (Cechy zjadliwosci) (Liczba szczep6ow)
(Liczba czynnikéw
wirulencji)
VPO o | e 2 3.0
VP 1 1 C 4 6.1
H 1 1.5
Hily* 4 6.1
VP2 2 H + Hly* 24 36.4
C+H 1 1.5
VP3 3 F+C+A 4 6.1
C +H + Hly* 2 3.0
F + A + Hly* 1 1.5
F+H+A 1 1.5
VP 4 4 F+H+ A+ Hly* 14 21.2
F+C+ A+ Hly* 2 3.0
F+C+H+A 2 3.0
VPS5 5 F+C+H+ A+ Hly* 4 6.1
Total: 66 100.0

F — fimbriae P, C — K1 capsule, H — hydrophobicity, A- adhesion to epithelium, Hly+ — a-hemolysin.

F — fimbrie P, C — otoczka K1, H — hydrofobowos¢, A — adhezja do nabtonka, Hly+ — a-hemolizyna.

lates showed no virulence factors (VP 0). Nine
(13.7%) E. coli strains possessed one virulence factor:
4 (6.1%) were Hly positive (Hly"), 4 (6.1%) synthe-
sized capsule K1, and 1 (1.5%) was hydrophobic
(VP 1). Of the 66 E. coli strains, 25 (37.9%) possessed
two virulence factors: 24 (36.4%) were Hly* and their
surface was hydrophobic and 1 (1.5%) produced Hly
and capsule K1 (VP 2). Eight strains (12.1%) had
three virulence factors: 4 (6.1%) produced P fimbriae,
the K1 capsule, and adhered to epithelium, 2 (3%)
possessed capsular antigen, hydrophobic surface, and
secreted 0O-hemolysin, and 2 (3%) P-fimbriated
strains adhered to the uroepithelial cells, 1 of which
was characterized by hydrophobicity and 1 was Hly*
(VP 3). Eighteen strains (27.2%) possessed four viru-
lence factors (VP 4): 14 of them (21.2%) were Hly*,
their cell surfaces were hydrophobic, produced P fim-
briae, and were able to adhere to epithelium; 4 (6%)
synthesized fimbriae P, the K1 capsule, were able to
adhere, of which 2 of these strains of them were Hly*
and 2 had hydrophobic surfaces (VP 4). Only 4
(6.1%) of the 66 UPEC strains expressed all the test-
ed virulence factors (VP 5).

Discussion

Urinary tract infections which are not properly
treated from their onset can become a real threat in
time, finally leading to renal failure. This is partly

due to the fact that urinary signs and symptoms are
often not reliable in distinguishing upper and lower
UTlIs [14]. In general, the more virulence factors
a strain expresses, the more severe an infection it is
able to cause. Certain virulence factors specifically
favor the development of pyelonephritis, others
cystitis, and still others asymptomatic bacteriuria
[15]. In this study the prevalence of five virulence
factors (P fimbriae, hydrophobicity, the K1 cap-
sule, adhesion to the epithelial cells, and a-hemo-
lysin) in E. coli isolates causing pyelonephritis in
children was determined.

Bacterial adhesion to tissue cells is an impor-
tant step in the infection process. Specific surface
attachments (adhesions, fimbriae), the production
of extracellular polysaccharides, and hydrophobic-
ity appear to be the most essential factors in the
adherence of bacteria [16]. Epidemiological stud-
ies in adults and children over many years in
diverse geographic locations have consistently
demonstrated that P-fimbriated E. coli strains are
present in nearly 100% of strains causing pyelo-
nephritis [17, 18]. These E. coli strains are able to
bind to the digalactoside expressed on the mucos-
al cells in the urethra and the ureters, thus facili-
tating establishment of bacteriuria and further
transport to the kidneys. It stimulates mucosal
cells to release cytokines such as interleukin-6 and
interleukin-8, causing fever and an increase of
C-reactive protein in the blood and chemotaxis of
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neutrophils, initiating an inflammatory response.
[2, 19]. In a monkey model, P fimbriae were
required for the establishment of pyelonephritis
and provided a competitive edge for organisms
inoculated into the bladder. In human experiments,
P fimbriae enhanced the early establishment of
bacteriuria [20]. P-fimbriated E. coli strains are
more frequently present in pyelonephritis than in
lower UTI [21].

In this study the prevalence of P fimbriae was
lower (42%) than those reported by other investi-
gators [21, 22]. Among the pyelonephritogenic
strains, expression of P fimbriae was found in 71%
[21]. The results obtained by Kallenius et al. [22]
indicate that 91% of E. coli strains causing
pyelonephritis, 19% of UPEC causing acute cysti-
tis, and 14% of E. coli causing asymptomatic bac-
teriuria possessed P fimbriae, compared with 7%
of E. coli isolated from the feces of healthy con-
trols. Plos et al. [23] confirmed that P fimbriae are
important in the pathogenesis of ascending UTI
and pyelonephritis in humans and have been iden-
tified in 80% of pyelonephritic E coli isolates. In
experimental pyelonephritis, P fimbriae are as
important as vesico-ureteric reflux in the develop-
ment of ascending infection [24].

The hydrophobicity of the bacterial surface
facilitates the colonization of tissues. This viru-
lence factor is important for the adhesion of bacte-
ria to water-insoluble substrates. It is assumed that
bacterial adhesion decreases when the hydropho-
bic cell surface becomes hydrophilic. In the pre-
sent report the high prevalence of hydrophobicity
among the isolates from pyelonephritis agrees
with that reported by others. Among the
pyelonephritogenic strains, expression of cell-sur-
face hydrophobicity was found in 92% [21].

Capsular polysaccharide may be involved in
pyelonephritis virulence, perhaps by conferring
resistance to the complement-dependent bactericidal
effect of serum and phagocytosis [25, 26]. The pres-
ence of the K antigens is associated with upper uri-
nary tract infections, and antibody to the K1 antigen
has been shown to afford some degree of protection
in experimental infections. Regardless of their
chemistry, these capsules may be able to promote
bacterial virulence by decreasing the ability of anti-
bodies and/or complement to attach to the bacterial
surface and the ability of phagocytes to recognize
and engulf the bacterial cells [27]. E. coli strains
expressing the K1 capsule comprise the majority of
isolates from neonates with septicemia and acute

pediatric pyelonephritis. K antigens account for 70%
of the E coli isolates involved in acute pyelonephri-
tis in children [28]. In the present study, capsulated
strains were rarely detected (29%).

o-hemolysin, though not essential for the
establishment of chronic pyelonephritis, might
contribute to tissue injury and survival in renal
parenchyma. Such injury would also facilitate bac-
terial entry into the blood stream [29]. A consider-
ably high number of strains produced hemolysin,
a characteristic normally described as being an
important trait, although hemolysin production
alone does not always equate with virulence, but
may be a decisive factor in the virulence of many
nephropathogenic strains, as demonstrated by
Blanco et al. [29, 30]. Arisoy et al. [31] described
a lower frequency of a-hemolysin-producing strains
(1.24%) than that found in the present study (77%).
This could be explained by differences in the patho-
genic status of the strains because the cited studies
analyzed UPEC isolated from symptomatic as well
as asymptomatic infections. In this case, asympto-
matic infections probably are caused by low-patho-
genic E. coli strains. Early work performed with
a pyelonephritis mouse model demonstrated that
o-hemolysin enhances nephropathogenicity [32].

Based on the distribution these five virulence
factors, the studied strains exhibited six most com-
mon patterns, referred to as VP followed by
a number (Table 1). The production of a-hemo-
lysin and hydrophobicity were detected the most
frequently in the E. coli strains from pyelonephri-
tis (VP 2). All the uropathogenic E. coli strains
possessing P fimbriae were able to adhere to
epithelial cells (VP 3, VP 4, and VP 5).

Some of the virulence patterns found in the
studied strains could suggest the presence of path-
ogenicity islands (PAls) described in uropathogen-
ic E. coli. Several of the genes associated with the
acquisition and development of UTIs are encoded
on PAlIs, e.g. hemolysin and P fimbriae [33]. PAIs
encompass large segments of sometimes unstable
chromosomal DNA (5 to 200 kb) containing viru-
lence gene clusters that are often flanked by inser-
tion sequence elements or tRNA genes. Four such
islands have been identified in pathogenic E. coli
isolates. PAIs I, I, IV, and V carry a number of vir-
ulence gene clusters, among them the P (pap) and
P-related (prf) fimbriae gene clusters and two
o-hemolysin loci, hlyl and hlyll . The virulence
genes are often linked in one cluster and their
expression may be independent [34].
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