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Abstract

Objective: In the present study we try to correlate between pathogenic intrinsic factor of Escherichia coli (E. coli)
presented with different fimbria genotyes and biofilm formation with host immune factor entitled interleukin-6 (1L-6)
secretion as defense mechanism. Methods; A total of 91 pediatrics complaining of pyuria were included in the present
study. In addition, 20 healthy control children were included. Full microbiological study was performed for isolated
E. coli. PapG alleles were studied by multiple alleles PCR and biofilm formation was studied. 11.-6 was measured in
urine. Results:IL-6 had statistically significant elevation in patients’ urine compared to control. From biofilm study,
it was found that 19 isolated E. coli had formed biofilm in vitro. Moreover, urine samples with positive biofilm for-
mation of E. coli had statistically significant lower IL-6 secretion than those with negative E. coli for biofilms. The
distribution of fimbria genotypes showed that the frequent genotype was for allele 11 (34.3% ) followed by mixed al-
leles T and IT (24.1% ). There was significant correlation between mixed alleles (1 &IT)and biofilm formation. Con-
clusion: The present study highlights the presence of significant strains of E. coli causing urinary tract infections ca-
pable of biofilm formation. Biofilm formation is associated with less innate immunity manifested by lower urinary IL-
6. The majority of isolates had fimbria genes. It appears that mixed alleles I and II have prominent virulence effect
with tendency for biofilm formation.

(iv) mature biofilms ‘).

It has become a common working hypothesis that the

The urinary tract is among the most common sites of
bacterial infection and E. coli is by far the most com-
mon infecting agent in children and adults of both se-
xes'.

There is growing appreciation that formation of bacte-
rial surface communities is a process that contributes to

2] Formation of bio-

pathogenicity of microorganisms
films by this bacterium can be viewed as a developmen-
tal process ' that is roughly divided into four steps:

(i) adhesion, (ii) monolayer, (iii) microcolony, and
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persistence of bacterial biofilms in the human body is a
major cause of recurrent or chronic infections .
Parsek and Singh'®’ proposed four basic criteria to de-
fine biofilm-associated infections: (i) Bacterial cell
adherence to or association with a surface, (ii) in vivo
observation of bacterial cell clusters, (iii) a localized
infection pattern, and (iv)increased resistance to anti-
biotic treatment in the host compared to resistance of
genetically equivalent planktonic bacteria. A role for
bacterial biofilms in pathogenesis is well established for
a number of infections and opportunistic pathogens; for
many other infections a link between biofilms and dis-
ease has been proposed, but the evidence remains less
clear .

P fimbriae, the virulence factor of E. coli most
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strains if from a single subject but exhibiting different
genomic convincingly implicated in the pathogenesis of
urinary tract. infection (UTT), mediate Gal (al4)Gal-
specific binding to host surfaces via the adhesion mole-
cule PapG'”) PapG occurs in three molecular variants
(classes I-TIT) that are encoded by distinct alleles of
the adhesion gene PapG "*'. The subly different recep-
tor binding specificities of the three PapG variants may

9100 or capacity for

[11,12]

confer differences in host range
causing different clinical syndromes

The elevation of urinary levels of cytokines, inclu-
ding 1L-6 ' 1L-2 "™ and IL-2 inhibitor'®’, has
been observed in patients with UTL. IL-6 is an appar-

b b

ently pleiotropic cytokine that stimulates the production

[14] [16]
, acts as a pyrogen ,

stimulates immunoglobulin secretion and increases im-

of acute-phase proteins

munoglobulin A (IgA) secretion in IgA-committed B
cells 7. Tt can be secreted by a wide variety of cell
types such as renal tubular epithelial cells (1Sa). 11.-6
is secreted into urine within minutes of experimental
UTI, and then IL-6 levels in serum increase "', The
rapid kinetics of the urinary 1L-6 response in mice and
the capability of local cells to secrete IL-6 suggested
that IL-6 can be of mucosal origin.

In the present study we try to correlate between path-
ogenic intrinsic factor in E. coli presented with differ-
ent fimbria genotyes and biofilm formation with host im-
mune factor entitled 1L-6 secretion as defense mecha-
nism.

A total of 91 (47 males and 44 females with age range
of 4-14 years old). All patients had pyuria and none of
them had urinary reflux. In addition, 20 healthy control
children with age range of 5-12 years old were included
and were presented to our outpatient clinic for either
well-child care or with an unrelated complaint during
the same period. No control child was febrile at the
time of sample collection. Informed consents were given
by all parents/caregivers of the children participating
in the study. The study was approved by ethical com-
mittee of Mansoura University-Egypt.

Children presented to Mansoura Paediatric Hospital
from December 2006 to June 2007 with clinical signs
and symptoms suggestive of UTI were screened. Chil-
dren included in this study suffered from fever =
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38.5°C without a focus or localization, in addition to u-
rinary symptoms (i. e. , increased frequency of mictura-
tion, dysuria, and loin pain). The mean duration of
illness prior to presentation was 72 hours. Urine sam-
ples were obtained at the time of presentation prior to
the administration of antibiotics. Renal dimercaptosuc-
cinate acid (DMSA) scan was performed on all patients
to discard or confirm acute pyelonephritis.

Blood and urine samples were taken from each sub-
ject. C-reactive protein was measured by a turbid meter
for all subjects. Urine samples either catheterized or
spontaneously voided midstream unused urine speci-
mens were obtained. Urinalysis, including determina-
tions of specific gravity, pH, glucose, protein, blood,
leukocyte esterase, and nitrite, was done by dipstick a-
nalysis ( Ames-N; Miles-Sankyo, Tokyo, Japan)as de-
scribed in the manufacturer’s instructions. For micro-
scopic examination, 10 mL of the specimen was spun at
200 x g for 5 min, the supernatant was aspirated, and
the urine sediment was resuspended with the residual
0.2 mL of urine. The cellular elements of 15 ul. of u-
rine were expressed as the average number of cells per
high-powered field (HPF) of five separate areas ( mag-
nification, x400).

For microbiological studies, an aliquot was inocula-
ted into the appropriate medium and colonies were
counted 24 and 48 h later. Significant bacteriuria was i-
dentified as colony forming unit (CFU)count 105/mlL..
Bacterial identification for isolated colonies was per-
formed by Microscan System. The rest of the specimen
was kept at —20 °C until needed for 11.-6 assay.

For biofilm measurement, isolate was grown over-
night in LB and diluted to approximately 10° cells/ mL
in phosphate-buffered saline (PBS), and 100-uL ali-
quots were placed in 10 wells of a polystyrene microtiter
plate. The plate was incubated at 37 °C for 1 h with
shaking and washed with 10 times with PBS; any re-
maining bound cells were then resuspended in 100 L
of LB. Following growth overnight at 37 °C with sha-
king the cells were diluted to approximately 10° cells/
ml, and the procedure was carried out three more
times. After the last incubation, the cultures were
streaked for single colonies.

Assays for biofilm formation under hydrodynamic
growth conditions were performed as previously de-
scribed '™ with some modifications. Briefly, early-
exponential-phase cultures (optical density at 600 nm
[ ODgy, ] =0.2)were incubated in 100-pL volumes in a
microtiter plate well for 16 h with vigorous shaking.
Unbound cells were removed by inversion of the micro-
titer plate and tapping on absorbent paper. Adhered
cells were subsequently stained by the addition of
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200pL of 0. 1% crystal violet. The stain was removed
by thorough washing with PBS, and the wells were al-
lowed to dry. The crystal violet was solubilized by the
addition of 200 pL of ethanol-acetone (80: 20, wt/
wt), and A600 was determined.

PapG genotypes were determined initially by an allele-
specific polymerase chain reaction (PCR) assay "',
Primers for the class 1 allele were j96-193f (5 -TCGT-
GCTCA-GGTCCGGAATTT-3') and j96-653r ( 5'-TG-
GCATCCCCCA-ACATTATCG-3 ), yielding a 461-bp
product; for the class II allele, ia2-383f (5 -GGGAT-
GAGCGGGCCTTTGAT-3) and ia2-572r ( 5'-CGGGC-
CCCCAAGTAACTCG-3) , yielding a 190-bp product;
and for the class IIT allele, prs-198f(5-GGCCTGCAA-
TGGATTTACCTGG-3 ) and prs-455r(5 -CCACCAAAT-
GACCATGCCAGAC-3), vyielding a 258-bp prod-

uc:’[“gJ

. Allele-specific PCR products were resolved by
gel electrophoresis. All PapG genotypes were confirmed
by at least one replicate determination, with discrepan-
cies investigated further (by repeat PapG PCR testing,
with or without genomic fingerprinting, of multiple iso-
lates of the strain in question)as needed to obtain a re-
liable result.

IL-6 level were measured for each sample in duplicate
with the use of a standard sandwich ELISA enzyme
linked immunosorbant assay according to the manufac-
turer’s directions Pelikine compact human 1L-6 ELISA
kit assay. Color intensity was determined by a comput-
erized multichanel photometer. The amount of 1L-6 was
calculated from the standard curve.

Principle of the Test: The Pelikine compact human
IL-6 ELISA kit is a " Sandwich-type" of enzyme immu-
noassay in which a monoclonal anti-human IL-6 anti-
body bound onto polystyrene microplate wells, human
IL-6 present in a measured volume of sample or stand-
ard is captured by the antibody on the microplate plate,
and non-bound material is removed by washing subse-
quently, a biotinylated second monoclonal antibody to
IL-6 is added. This antibody binds to the IL-6 antibody
complex present in the microplate well.

Excess biotinylated antibody is removed by washing,
followed by addition of horseradish peroxidase (HRP)
conjugated streptavidin, which binds onto the biothiny-
lated side of the IL-6 Sandwish.

After removal of non-bound HRP conjugate by wash-
ing a substrate solution is added to the wells. A colored
product is formed in proportion to the amount of 1L.-6
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present in the sample or standard. After the reaction
has been terminated by the addition of a stop solution,
absorbance is measured in a microplate plate reader.
From the absorbance of samples and those of a standard
curve, the concentration of hull-8 can be determined by
interpolation with the standard curve.

Statistical analysis was done by using SPSS ( Statistical
Package for Social Science ) version 10 (1999). The da-
ta were parametric by using the Kolmogrov-Smirnov
test. The qualitative data were presented in the form of
mean, standard deviation and range. One-way ANOVA
(F-test) was used for more than two groups and
Student’s i-test for two groups. The qualitative data
were presented in the form of number and percentage.
Correlation (Pearson) was done to study correlation be-
tween two items. Significance was considered when the
P-value is less than 0.05, and insignificance was con-
sidered when the P-value was more than 0. 05.

The study included 91 children with UTI. They were 47
males and 44 females with age range of 4-14 years old.
From biofilm study, it was found that 19 (20.9% ) iso-
lated E. coli had formed biofilm in vitro study and the
biofilm formation negative rate was 79. 1% (72/91,
79.1% ). 1L-6 had statistically significant elevation in
patients urine compared to control (Data not shown).
Moreover, Urine samples with positive biofilm forma-
tion of E. coli had statistically significant lower I1L-6
secretion (Mean +SD, 124.7 +£43.8) than those with
negative E. coli (Mean £SD, 145.9 +107.8) for bio-
film (P =0.0001). The distribution of fimbria geno-
types showed that the frequent genotype was for allele 11
34.3% followed by mixed alleles I and II 24. 1% ,
(Table 1). There was significant correlation between
mixed alleles (I &II) and biofilm formation (r =0.33,
P=0.001).

Table 1 Alleles distributions among isolated E. coli.

Genotype Distribution (N) Frequency (% )
No allelels 8 5.8
Allele 1 1 0.7
Allelell 47 34.3
Allele IIT 2 1.5
Mixed I, 1T 33 24.1
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Virulence factors of E. coli are of two main types;
those produced on the surface of the cell and those pro-
duced within the cell and then exported to the site of
action. Those on the surface include different sorts of
fimbriae that have a role in adhesion to the surface of
host cells but may also have additional roles such as
tissue invasion, biofilm formation or cytokine induc-
tion. The activities of cell wall components are dis-
cussed and several exported virulence factors are de-
seribed that have anti host cell activities. Others viru-
lence factors enable the bacteria to grow in an environ-
ment of iron restriction ™" .

In natural E. coli isolates a plethora of biofilm-form-
ing capabilities is mediated by many genetic pathways.
These may well include factors already implicated from
studies on E. coli K-12, such as flagella, type I fimbri-
ae, Agd3, and exopolymeric substances [ colanic acid
and poly (B-1,6-GlcNAc) ], but certainly also adhe-
sions not present in the MG1655 genome. The possible
interplay between these factors and their varying ex-
pression levels under different environmental conditions
suggests that analysis of genetic factors contributing to
biofilm formation of non domesticated E. coli strains in
vitro will need to be based on a case-by-case ap-
proach™’. In the present study a biofilm forming iso-
lates among E. colt was considerably representing high
proportion. Previous studies have reported enhanced
biofilm formation by virulent pathogens as by endocar-
ditis isolates of Enterococcus faecalis as opposed to
nonendocarditis isolates "', whereas cystic fibrosis i-
solates of Pseudomonas aeruginosa did not display en-
hanced biofilm formation compared to other isolates
32 The presence of biofilm forming strains repre-
sents a clue for persistant of infections and in vivo re-
sistance to antibiotics therapy.

The present study revealed correlation between bio-
film formation of E. coli responsible for urinary tract
infections in children and presence of alleles I and II.
Similar association between PapG alleles and different
virulence factor was described by Naves et al.,
2008

E. coli has been an important gram-negative model
organism for in wvitro analysis of biofilm formation on

abiotic surfaces ', Many cell surface components
[such as flagella, type I fimbriae, outer membrane

proteins, colanic acid, and poly (-1, 6-GlcNAc) ]
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were found to contribute to biofilm formation of K-12
strains during static growth conditions. The majority of
isolates in the present study contained the PapG gene,
a finding consistent with the association between P fim-

1521 Moreover PapG I and II was

briae and virulence
associated with biofilm formation. This finding ascer-
tains that even the genotypic pattern of the fimbria in-
fluence the formation of biofilms.

Another finding of the present study was significant
elevation of IL-6 in patients compared to control. Simi-
larly, Hedges et al. 1991 reported that IL-6 was
secreted in response to deliberate gram-negative infec-
tion of the human urinary tract. However, they reported
that adhesions were not required for the stimulation of
acute urinary I1.-6 responses in humans. Nevertheless,
it is possible that the high bacterial inoculate maximally
stimulated IL-6 secretion and concealed any effects of
adherence on IL-6 secretion.

Interesting finding in the present study was that bac-
terial isolates with tendency for formation of biofilm in
vitro was significantly associated with lower IL-6 in
vivo. The innate immune response is essential for de-
fense against UTI and the associated tissue inflamma-
tion is a major cause of symptoms, leading to tissue
damage and contributing to the severity of disease . The
innate response is affected by the virulence of the infec-
ting strain and many well-characterized virulence fac-
tors act by triggering inflammation. UPEC trigger these
creations of epithelial cytokines and chemokines that
contribute to inflammation and pathology.

Thus, this might give a clue that biofilm formation
of E. coli leads to less innate immunological response.

The present study highlights the presence of signifi-
cant strains of E. coli causing urinary tract infections
capable of biofilm formation. Biofilm formation is asso-
ciated with less innate immunity manifested by lower u-
rinary IL-6. The majority of isolates had fimbria genes.
It appears that mixed alleles I and II have prominent
virulence effect with tendency for biofilm formation.
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