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Chapter 6

Abstract

Objective

Febrile urinary tract infection (UTI) is a common bacterial disease that may
lead to substantial morbidity and mortality especially among the elderly.
Little is known about biomarkers that predict a complicated course. Our aim
was to determine the role of certain urinary cytokines or antimicrobial pro-
teins, plasma vitamin D level, and genetic variation in host defense of febrile
UTI and its relation with bacteremia.

Methods

A case-control study. Out of a cohort of consecutive adults with febrile UTI
(n=787) included in a multi-center observational cohort study, 46 cases with
bacteremic E.coli UTI and 45 cases with non-bacteremic E. coli UTI were
randomly selected and compared to 46 controls. Urinary IL-6, IL-8, LL37,
B-defensin 2 and uromodulin as well as plasma 25-hydroxyvitamin D were
measured. In 440 controls and 707 UTI patients polymorphisms were geno-
typed in the genes CXCR1, DEFA4, DEFB1, IL6, IL8, MYD88, UMOD, TIRAP,
TLR1, TLR2, TLR5 and TNF.

Results

IL-6, IL-8, and LL37 are different between controls and UTI patients, al-
though these proteins do not distinguish between patients with and without
bacteremia. While uromodulin did not differ between groups, inability to
produce uromodulin is more common in patients with bacteremia. Most
participants in the study, including the controls, had insufficient vitamin D
and, at least in winter, UTI patients have lower vitamin D than controls.
Associations were found between the CC genotype of IL6 SNP rs1800795 and
occurrence of bacteremia and between TLR5 SNP rs5744168 and protection
from UTI. The rare GG genotype of IL6 SNP rs1800795 was associated with
higher B-defensin 2 production.

Conclusion

Although no biomarker was able to distinguish between UTI with or without
bacteremia, two risk factors for bacteremia were identified. These were in-
ability to produce uromodulin and an IL6 rs1800795 genotype.
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Introduction

Urinary tract infection (UTI) is one of the most common bacterial infections
and has a high risk of recurrence. The predominant causal pathogen is uro-
pathogenic Escherichia coli and it is thought that innate immune responses
to this pathogen can both control and predispose to subsequent recurrence
of UTI [1]. Although UTI by itself rarely causes significant complications,
fever indicates the presence of tissue inflammation that can be accompanied
with bacteremia and the urosepsis syndrome that may eventually lead to
septic shock and death [2].

We have set up a large prospective multicenter cohort study to investigate
various aspects of febrile UTI [3-5]. In this study we focus on urinary mark-
ers of host defense, plasma vitamin D and the role of genetic variation.

The cytokines IL-6 and IL-8 are mediators of inflammation in response to
bacterial infection, and when measured in plasma or serum these may be
used as early biomarkers of infection. IL-6 and IL-8 levels are also known to
be elevated in the urine of patients with UTI, whereas reportedly none are
measurable in the urine of healthy controls [6-10].

The human body produces several antimicrobial proteins, amongst others
cathelicidin LL37 and B-defensins, that are part of our first line defense
against bacterial infections. These antimicrobial proteins are produced by
epithelial cells, including those of the urinary tract [11,12]. Urinary cathelici-
din is elevated in children with pyelonephritis [11] and was recently reported
to be also elevated in adult women during UTI [13]. Whether the amounts of
cathelicidin or B-defensin produced in the urine of UTI patients is associated
with disease severity such as bacteremia is unknown.

Uromodulin (also known as Tamm Horsfall protein) is the most abundant
urinary protein in mammals. It adheres to fimbriae of uropathogenic E. coli,
thus preventing its attachment to the epithelium. Uromodulin also has an im-
munomodulatory function [14]. In young women with recurrent UTI urinary
uromodulin concentrations were similar to those in healthy controls [15].
Whether uromodulin lowers the risk for developing febrile UTI or associated
bacteremia is unknown.

Vitamin D is known to play an important role in the first defense against bac-
terial infections; e.g. by induction of the antimicrobial proteins cathelicidin
and B-defensin. High prevalence of vitamin D deficiency and insufficiency
have been reported in elderly people (= 65 years) in the Netherlands [16,17]
just as in many other regions around the world [18]. It has been shown in
in vitro experiments that bladder epithelium from women taking vitamin D

113




Chapter 6

supplements are capable of producing larger amounts of cathelicidin upon
infection [19]. Thus vitamin D deficiency is believed to be an attributable
factor in host susceptibility to UTI as has also been suggested in a recent
case-control study [20]. Whether vitamin D status of UTI patients affects
cathelicidin and B-defensin production in urine and the occurrence of bacte-
remia is unknown.

Many studies have found that host genetic factors influence susceptibility to
human infectious diseases [21,22]. Also in UTI genetic factors likely play a
role, as illustrated by the finding that positive family history is a risk factor
for recurrent UTI [23] and reviewed in [1]. Studies evaluating the role of
genetic factors in UTI were mainly performed in children [24-29]. No studies
have investigated the contribution of host genetic factors to the development
of UTI complicated by bacteremia.

The aims of the current study were: first, to investigate the production of
cytokines and antimicrobial proteins in the urine of UTI patients in order to
determine whether any of these proteins are risk factors for febrile UTI or
predictive biomarkers for bacteremia; second, to determine whether plasma
vitamin D is correlated with urinary protein production or clinical outcome;
and third, to determine whether there is a correlation between genetic vari-
ants and the production of any of the proteins or occurrence of bacteremia.

Materials and Methods

Patients and controls

We conducted a prospective observational multi-center cohort study. Patients
were recruited from 35 family practices and emergency departments of eight
hospitals in the region. Consecutive patients (n=787) with a presumptive
diagnosis of febrile UTI were considered for enrollment and those who met
the entry criteria and provided written informed consent were included. In-
clusion criteria for the patients were: age >18 years, fever (=238.0°C) and/or
a history of fever and chills within 24 hours before presentation, at least one
symptom of UTI (dysuria, increased urination frequency, urgency, perineal
pain, flank pain or costovertebral tenderness) and a positive nitrite dipstick
test or leukocyturia as defined by a positive leukocyte esterase dipstick test
or the presence of more than five leukocytes per high-power field (pyuria)
in a centrifuged sediment. Exclusion criteria were: pregnancy, hemodialysis
or peritoneal dialysis, a history of kidney transplantation, known presence
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of polycystic kidney disease or current treatment for urolithiasis or hydrone-
phrosis. From the patients with E. coli as the causal uropathogen 45 patients
without bacteremia and 46 with bacteremia were randomly selected for the
plasma and urine measurements (Figure 1). Controls (n=369) were recruited
from the same primary healthcare centers and emergency departments if
they were aged =18 years, had no symptoms of UTI, and provided written
informed consent. Of these controls included from the primary health care
centers, 46 non-febrile individuals were randomly selected for the plasma
and urine measurements (Figure 1). The study was approved by the Medical
Ethics Committee of the Leiden University Medical Center (approval number
P08.065). Blood and urine samples were taken before the start of antimi-
crobial treatment. Plasma and urine were stored at -80°C within two hours
after enrollment. Blood and urine cultures were analyzed using standard
microbiological methods. DNA was isolated from white blood cells by a salt-
ing out method essentially as described [30] and stored at -20°C.

787 consecutive adults with febrile UTI ‘ ‘ 369 control adults ‘

L L

inclusion criteria: inclusion criteria:

= 18 years = 18 years
fever = 38°C* no fever*
2 1 symptom of UTI# no UTI symptoms*

urinary infection”

| 420 patients with febrile £. coli UTI |

/ N\

45 patients with febrile 46 patients with febrile
E.coli UTI without bacteremia E. coli UTI with bacteremia

y y y

measurement of urinary proteins
and plasma vitamin D

46 controls

Figure 1. Selection of UTI patients and controls for the urine and plasma measurements

*and/or a history of fever and chills within 24 hours before presentation.

# symptoms of UTI: dysuria, increased urination frequency, urgency, perineal pain, flank pain or costovertebral
tenderness.

A urinary infection as determined by a positive nitrite dipstick test or leukocyturia as defined by a positive leuko-
cyte esterase dipstick test or the presence of more than five leukocytes per high-power field (pyuria) in a centri-
fuged sediment.
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Measuring proteins in urine

Protein specific enzyme-linked immunosorbent assays (ELISA) were used to
determine concentrations in urine essentially according the manufacturer’s
protocol with minor modifications. Urine samples were diluted two and ten
times for the IL-6 ELISA, eight and 64 times for the IL-8 ELISA (Biosource).
The detection limit of both ELISAs was 30 pg/ml. Urine samples were diluted
four and 32 times for the LL37 ELISA (Hycult Biotechnology), the detection
limit was 2 ng/ml. Urine samples were diluted four and 32 times for the
B-defensin 2 ELISA (Antigenix America Inc), the detection limit was 10 pg/
ml. Urine samples were diluted 200 and 400 times for the Uromodulin ELISA
(MD Bioproducts), the detection limit was 20 ng/ml. Optical densities were
determined at 450 nm in an iMark microplate reader (Bio-Rad).

In order to account for the gravity of the urine, protein concentrations were
divided by the urine creatinine concentration. Urinary concentrations of cre-
atinine were measured with the CREA plus (Cobas) enzymatic assay in an
automated clinical chemistry analyzer.

Vitamin D assay

The concentration of 25-hydroxyvitamin D (25(0OH)D) was determined in
plasma by a competitive electrochemiluminescence immunoassay (ECLIA),
essentially according to the manufacturer’s protocol (Elecsys Vitamin D Total
assay, Roche Diagnostics). Based on consensus in the literature [31] we
defined vitamin D deficiency as a plasma 25(OH)D concentration <20 ng/ml,
relative vitamin D insufficiency at plasma 25(OH)D concentrations between
20 and 30 ng/ml, and all concentrations =30 ng/ml as sufficient.

Genotyping

Of the 787 enrolled patients, 707 were included in the genotyping assays (of
80 samples DNA was not isolated or of low quality), as well as 440 controls
(369 controls from the cohort study as well as anonymous controls). Genotyp-
ing of polymorphisms was performed by use of a Sequenom MassArray plat-
form according to the manufacturer’s protocols (Sequenom, San Diego, USA).
Multiplex assays were designed with Assay designer software (Sequenom). In
brief, after a multiplex PCR on 5 ng of DNA, a primer extension reaction was
performed to introduce mass-differences between alleles and, after removing
salts by adding a resin, 15 nl of the product was spotted onto a target chip
with 384 patches containing matrix. Mass differences were detected using a
Bruker Autoflex MALDI-TOF mass spectrometer and genotypes were assigned
real-time using Typer 3.1 software (Sequenom). Several samples representing
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the various genotypes were sequenced to confirm the genotyping results. As
quality control, 10% of samples were genotyped in duplo; no inconsistencies
were observed. Primer and probe sequences can be found in Table 1.

Statistical analyses

All data were entered in an SPSS database (SPSS Inc., Chicago, IL, USA;
version 20.0) for statistical analysis. Graphs were generated using GraphPad
Prism (GraphPad Software Inc., San Diego, California, USA; version 5.01).
Descriptive analysis included medians and ranges, or means or percent-
ages with standard deviation (sd), as appropriate. Univariate analysis was
performed using the Student’s t-test, the Kruskal-Wallis test or the Mann-
Whitney U-test for continuous variables and the Pearson Chi-Square test for
categorical variables. Measures for association were expressed as odds ratios
(ORs) with their 95% confidence intervals (CI) for categorical variables.

Results

Description of patients and controls for urine and plasma measurements

During the study period, 787 patients with febrile UTI were enrolled. E. coli
was the most frequent causal uropathogen, present in 420 (53%) of the
patients. From these, 45 patients without bacteremia and 46 patients with
bacteremia were selected and compared to 46 controls (Figure 1). Controls
had a median age (58 years, IQR 49-75) comparable to UTI patients without
bacteremia (63 years, IQR 46-75), but significant lower than UTI patients with
bacteremia (73 years, IQR 60-82). The groups were comparable with respect
to sex, BMI, use of immunosuppressants and vitamin D supplements. Further
baseline characteristics of the study population are summarized in Table 2.

Cytokines in urine do not distinguish between patients with our
without bacteremia

The production of the cytokines IL-6 and IL-8 was determined in urine samples
from 44 UTI patients without bacteremia, 45 UTI patients with bacteremia
and 46 controls. IL-6 was detected in 30 of all 89 (34%) UTI patients, in 12 of
44 (27%) without bacteremia and in 18 of 45 (40%) with bacteremia, and in
none of the controls. Due to the large number of samples with undetectable
IL-6 in each group, the median IL-6 concentrations were the same in the three
groups. Both patient groups are significantly different from the controls (each
p<0.001) but not significantly different from each other (p= 0.21) (Figure 2A).
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IL-8 was detected in 77 of all 89 (87%) UTI patients, in 34 of 44 (77%)
without bacteremia and in 43 of 45 (96%) with bacteremia, and in only four
of the 46 controls (9%). The median value of the controls is 0.1 pg IL-8 /
pmol creatinine, of the UTI patients without bacteremia 91 pg/umol and of
those with bacteremia 232 pg/pmol. Both patient groups are significantly
different from the controls (each p<0.0001) but not significantly different
from each other (p= 0.06) (Figure 2B).

A positive correlation was demonstrated between IL-8 production and age
(r=0.302, p<0.001), IL-6 production (r=0.534, p<0.001), and temperature
at onset (r=0.516, p<0.001). IL-8 was not correlated with presence of uri-
nary tract disorders, recurrent UTIs or antibiotic pre-treatment.

Antimicrobial proteins in urine do not correlate with bacteremia

The antimicrobial protein B-defensin 2 was detected in 23 of all 89 (26%) UTI
patients, in 10 of 44 (23%) with bacteremia and in 13 of 45 (29%) without
bacteremia, and in five of the 46 controls (11%). Due to the large number
of samples with undetectable B-defensin 2 in each group, the median con-
centrations were similar in the three groups. Only the UTI patient group with
bacteremia was significantly different from the controls (p<0.05) (Figure 3A).
Urinary B-defensin 2 showed no correlation with age, IL-8 production and
temperature at onset. The B-defensin 2 was also not correlated with presence
of urinary tract disorders, recurrent UTIs or antibiotic pre-treatment.
Cathelicidin LL37 was detectable in 53 of all 89 (60%) UTI patients, in 23
of 44 (52%) without bacteremia and in 30 of 45 (67%) with bacteremia,
and in two of the 46 controls (4%). The median value of the controls is
below the detection limit, of the UTI patients without bacteremia it is 1.2
ng LL37/pmol creatinine and of those with bacteremia 2.6 ng/pmol. Both
patient groups are significantly different from the controls (each p<0.0001)
but not significantly different from each other (p= 0.23) (Figure 3B). LL37
showed no difference in the presence of urinary tract disorders, recurrent
UTIs and antibiotic pretreatment.

Lack of uromodulin in urine increases risk of bacteremia

Uromodulin was detectable in 78 of all 89 (88%) UTI patients, in 42 of 44
(95%) without bacteremia and in 35 of 45 (78%) with bacteremia, and in
42 of the 46 (91%) controls. The median value of the controls is 2366 ng
uromodulin /umol creatinine, of the UTI patients without bacteremia it is
1941 ng/pmol and of those with bacteremia 1851 ng/pmol. The uromodulin
production is not significantly different between the groups (Figure 3C).
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Figure 2. IL-6 or IL-8 concentrations do not distinguish UTI patients with bacteremia from those without
bacteremia

IL-6 (Figure 2A) and IL-8 (Figure 2B) concentrations were determined in the urine of 46 controls (CON), 44 cases
with febrile UTI without bacteremia (UTI-B), and 45 cases with febrile UTI with bacteremia (UTI+B). Cytokine con-
centrations depicted were corrected for urine gravity, for samples below the detection limit the corrected cytokine
concentration was set to 0.1. Solid bars represent medians, for statistical analysis a Mann-Whitney test was used.

Most people produce uromodulin in the urine regardless of infection and it
appears that inability to produce any uromodulin is more common in the
patients with bacteremia than in patients without bacteremia (p=0.015). The
odds ratio for developing bacteremia for UTI patients who do not produce
uromodulin is 6.0 (95% CI: 1.2-29.2).

Uromodulin showed no correlation with blood leukocyte count, age, IL-8 or
temperature at onset. Also, uromodulin did not differ in the presence of leu-
kocyturia, urinary tract disorders, recurrent UTIs or antibiotic pre-treatment.

Most participants in the study had insufficient vitamin D levels

Plasma 25(0OH)D was measured in 46 controls, 43 UTI patients without
bacteremia and 44 UTI patients with bacteremia. All groups had comparable
median plasma 25(OH)D concentrations (Figure 4A and Table 3).
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Table 2. Baseline characteristics of the study population

— ) febrile UTI ) ) febrile UTI '
without bacteremia with bacteremia
n=46 n=45 n=46
Age in years, median [IQR] 58[49-75] 63 [46 - 75] 73 [60 - 82]
Male sex 18(39) 16 (36) 18 (39)
Comorbidity
Any 24 (52) 33(73) 36 (78)
Urinary tract disorder ° 5(11) 10 (22) 9(20)
Urinary catheter 0(0) 2(4) 3(7)
History of nephrolithiasis 5(11) 4(9) 5(11)
Recurrent UTls ° 1(2) 16 (36) 6(13)
Diabetes mellitus 3(7) 5(11) 12 (26)
Malignancy 2(4) 2(4) 4 (9)
Hypertension 17 (37) 24 (53) 26 (57)
Heart failure 0(0) 5(11) 8(17)
Cerebrovascular disease 1(2) 5(11) 12 (26)
Chronic renal insufficiency 0(0) 3(7) 6(13)
COPD 2(4) 7(16) 3(7)
Medication
Immunosuppressants (2) 1(2 4(9)
Vitamin D supplements 2(4) 4(9 4(9)
Season of inclusion
Winter (Dec - Feb) 46 (100) 8(18) 5(11)
Spring (Mar - May) - 6(13) 10 (22)
Summer (June - Aug) - 11 (24) 17 (37)
Fall (Sept - Nov) - 20 (44) 14 (30)
BMI ©
Mean BMI in kg/m? (sd) 26.5 (4.6) 26.6 (4.0) 27.3(7.2)

Data are presented as n (%) unless otherwise stated. UTI = urinary tract infection, IQR = interquartile range,
sd = standard deviation, COPD = chronic obstructive pulmonary disease, BMI = body mass index. °* Defined as any
functional or anatomical abnormality of the urinary tract except urinary catheter and history of nephrolithiasis.

® Defined as =2 UTls in the last 6 months or =3 UTls in the last 12 months. © Eight missing BMI data: 2 in controls, 1

in UTI without bacteremia and 5 in UTI with bacteremia.

Table 3. Plasma 25(0OH)D concentrations and vitamin D status

controls febrile UTI without febrile UTI with
n=46 bacteremia,n=43  bacteremia, n =44
Median 25(0OH)D in ng/ml [IQR] 17.6[13.9-26.4] 19.5[14.1 - 26.1] 17.91[9.4 - 24.7]
vitamin D sufficient 6 (13%) 6 (14%) 8(18%)
vitamin D insufficient 14 (30%) 15 (35%) 11 (25%)
vitamin D deficient 26 (57%) 22 (51%) 25 (57%)

UTI= urinary tract infection, IQR = interquartile range. Vitamin D sufficiency is defined as 25(OH)D of =30 ng/ml,
vitamin D insufficiency is defined as 25(OH)D >20 and <30 ng/ml, vitamin D deficiency is defined as 25(OH)D

of <20 ng/ml.
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Figure 3. Antimicrobial protein concentrations do not distinguish UTI patients with bacteremia from those
without bacteremia

Concentrations of the antimicrobial proteins 3-defensin 2 (A) Cathelicidin LL37 (B) and Uromodulin (C) were deter-
mined in the urine of 46 controls (CON), 44 febrile UTI cases without bacteremia (UTI-B), and 45 febrile UTI cases
with bacteremia (UTI+B). Protein concentrations depicted were corrected for urine gravity, for samples below the
detection limit the corrected protein concentration was set to 0.1 (3-defensin 2, Cathelicidin LL37) or 10 (Uro-
modulin). Solid bars represent medians, for statistical analysis the Mann-Whitney U test was used.

Of the 133 individuals analysed, only 22 (17%) had a sufficient vitamin D
level. More than half (n=73, 55%) had a vitamin D deficiency, while severe
vitamin D deficiency (with 25(OH)D <10 ng/ml) was found in 25 participants
(19%): 5 controls (11%), 8 UTI patients without bacteremia (19%) and 12
UTI patients with bacteremia (27%). Because vitamin D concentrations vary
by season, we examined the effect of seasonal variation on our findings.
All controls were recruited in winter. Patients with UTI were included in all
seasons: 58 (44%) in winter, 16 (12%) in spring, 27 (20%) in summer and
32 (24%) in fall. The vitamin D concentration was significantly lower in UTI
patients recruited in winter than in other seasons. More importantly, the
controls that were all recruited in winter had a higher vitamin D concen-
tration compared to cases recruited in winter (17.6 [IQR 13.9-26.4] ng/ml
vs. 13.0 [IQR 6.9-17.3] ng/ml, p=0.015) (Figure 4B). Cathelicidin LL37 (r=
-0.69, p=0.436) and B-defensin 2 (r= -0.003, p=0.969) in the urine were
not correlated with plasma vitamin D.
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Figure 4. Plasma vitamin D concentrations in controls and UTI patients

Plasma 25(OH) vitamin D concentrations were determined in 46 controls (CON) and 43 UTI patients without bac-
teremia (UTI-B) and 44 UTI patients with bacteremia (UTI+B) (A). Analysis of plasma 25(0OH)D vitamin D concentra-
tions according to season of sampling (B). All controls were recruited in winter. 12 UTI patients were recruited in
winter, 16 in spring, 27 in summer and 32 in autumn. Solid bars represent median concentrations; dotted lines
represent upper limit of vitamin D deficiency (<20 ng/ml) and lower limit of vitamin D sufficiency (=30 ng/ml). The
Mann-Whitney U test was used to determine whether groups were statistically different.

Distribution of genetic variation in cases and controls

In most infectious diseases, in addition to exposure, strain virulence and en-
vironmental factors, genetic host variations also play a role in susceptibility
to disease. To determine whether genetic variations attribute to susceptibil-
ity to febrile UTI, we genotyped 15 single nucleotide polymorphisms (SNPs)
in 12 genes of 440 controls and 707 febrile UTI patients (Table 4). All SNPs
were in Hardy Weinberg equilibrium in the controls.

None of the SNP alleles (data not shown) or genotypes were found to be
associated with susceptibility to febrile UTI when analyzing controls versus
patients (Table 4). Because the presence of urinary tract disorders or chronic
renal insufficiency may mask genetic effects we re-analyzed the data after
exclusion of individuals with known urinary tract disorders or chronic renal
insufficiency. This revealed that the TLR5 SNP rs5744168 was significantly
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Table 4. Genotypes of genetic variations in controls and UTI patients

common name controls UTI patients
Gene SNPid or location genotypes genotypes,n (%) genotypes, n(%) p-value
CXCR1 rs3138060 217C>G CcC 380 (87.6%) 623 (88.3%) 0.581
in intron CG 52 (12.0%) 82 (11.6%)
GG 2 (0.4%) 1(0.1%)
CXCR1 rs2234671 2608 G/C° GG 379 (87.1%) 620 (88.0%) 0.574
Ser276Thr CG 54 (12.4%) 84 (11.9%)
cC 2 (0.5%) 1(0.1%)
DEFA4 rs28661751  A8P CcC 427 (98.4%) 700 (99.3%) 0.373
CG 7 (1.6%) 6 (0.7%)
GG 0 0
DEFA4 rs736227 in 3’UTR T 196 (45.4%) 324 (46.1%) 0.962
cT 196 (45.4%) 313 (44.5%)
cc 40 (9.2%) 6 (9.4%)
DEFB1 rs1800972 -44C>G CcC 264 (60.8%) 426 (60.4%) 0.450
-668C>G CG 147 (33.9%) 252 (35.7%)
GG 23 (5.3%) 27 (3.8%)
IL6 rs10499563  -6331T>C’ TT 277 (63.8%) 403 (57.4%) 0.100
cT 141 (32.5%) 269 (38.3%)
CcC 6 (3.7%) 0 (4.3%)
IL6 rs1800795 -174G>C’ GG 147 (33.7%) 249 (35.2%) 0.711
CG 209 (47.9%) 340 (48.2%)
CcC 80(18.4) 117 (16.6%)
IL8 rs4073 “251A/T TT 130 (29.9%) 207 (29.4%) 0.985
AT 212 (48.7%) 346 (49.1%)
AA 93 (21.4%) 151 (21.5%)
MYD88 rs6853 in 3’'UTR AA 331 (76.6%) 551 (78.6%) 0.120
AG 92 (21.3%) 145 (20.7%)
GG 9(2.1%) 5(0.7%)
UMOD rs4293393 5'near gene T 286 (65.9%) 460 (65.2%) 0.354
cT 127 (29.3%) 220 (31.1%)
cC 1 (4.8%) 6 (3.7%)
TIRAP rs8177374 S180L" CcC 310 (71 1%) 498 (70 0%) 0.995
C539T cT 116 (26.6%) 189 (26.7%)
TT 0(2.3%) 6(2.3%)
TLR1 rs5743618 1805 G/T' GG 179 (42.0%) 315 (45.4%) 0.379
S6021" GT 193 (45.3%) 285 (41.1%)
TT 54 (12.7%) 94 (13.5%)
TLR2 rs5743708 Arg753GIn* GG 408 (93.2%) 662 (93.8%) 0.773
R753Q" AG 30 (6.8%) 44 (6.2%)
AA 0 0
TLR5 rs5744168 R392X" cC 363 (84.2%) 626 (89.0%) 0.072
Arg392Stop” cT 63 (14.6%) 72 (10.2%)
1174C>T T 5(1.2%) 6 (0.8%)
TNF rs1800629 -308 G/A’ GG 282 (64.6%) 486 (68.8%) 0.170
in promoter AG 144 (33.0%) 197 (27.9%)
AA 11 (2.5%) 23 (3.3%)

“name used in the literature
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different between patients and controls (p=0.011). In addition we analyzed
the distribution of genotypes between UTI patients with and those without
bacteremia. The distribution of one SNP, rs1800795 in the gene IL6, was sig-
nificantly different as the genotype CC is more common among UTI patients
with bacteremia (p= 0.009) (Table 5).

The production of proteins can often be correlated to genetic variations in
for instance the promoter region or translation start site. Most individuals
in which urinary protein concentrations were measured in this study were
also genotyped, therefore we were able to investigate whether any of the
genotypes were correlated to urinary protein production. A significant differ-
ence in B-defensin 2 production was found between the DEFB1 rs1800972
genotypes, as most individuals with an CC or CG genotype did not produce
B-defensin 2 while the three individuals with an GG genotype did (p=0.0002)
(Figure 5). No significant correlations were found between other genotypes
and protein production (data not shown).

Table 5. Genotypes of IL6 variation in UTI patients with and without bacteremia

UTI without UTI with
Gene SNPid genotypes bacteremia, n (%) bacteremia, n (%) p-value
IL6 rs1800795 cC 76 (15.0%) 37 (23.9%) 0.009
CG 257 (50.9%) 57 (36.8%)
GG 172 (34.1%) 61 (39.3%)
1000+
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Figure 5. 3-defensin 2 production is associated Q 14 4
with a DEFB1 genotype 8
Concentration of the antimicrobial protein 1
B-defensin 2 grouped per DEFB1 rs1800972 Q.
genotype, the groups are significantly different 0.1 e —
(p=0.0002). Protein concentrations were corrected
for urine gravity, for samples below the detection
limit the corrected cytokine concentration was set
0.01

to 0.1. Solid bars represent medians, for statistical

analysis the Kruskal-Wallis test was used. CC (n=49) CG (n=26) GG (n=3)
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Discussion

We analyzed various proteins in urine of UTI patients and controls from a
prospective cohort study and found that while IL-6, IL-8 and cathelicidin
LL37 are different between UTI patients and controls, these proteins, as well
as B-defensin 2, cannot be used as biomarkers for bacteremia. We did find
that while uromodulin production is in general not different between patients
and controls, complete absence of uromodulin production in the urine is a
strong risk factor for bacteremia. In addition we found that plasma vitamin
D may have a protective effect against UTI as, at least in winter, vitamin D
is lower in UTI patients compared to controls.

The strength of this study is that we have collected the largest prospective
UTI cohort thus far with a clinically and microbiologically well-characterized
disease group. Our emphasis in the analyses was on the identification of
host defense risk factors for febrile UTI and predictive markers for bacte-
remia. Therefore we determined urinary proteins and plasma vitamin D in
91 patients (of which 46 had bacteremia) and 46 controls, and genotyped
polymorphisms in genes thought to play a role in UTI in a large number
of patients (n=707) and controls (n=440). The three groups of individuals
in which urinary proteins and plasma vitamin D were determined were in
general well matched, except for age which was higher in patients with UTI
and bacteremia.

In general, IL-6 and IL-8 levels are elevated in the urine of patients with UTI
and children with acute pyelonephritis, whereas none are measurable in the
urine of controls [6-10]. This study confirms that IL-6 and IL-8 are elevated
in UTI patients; we did however also find four controls that produced IL-8.
One of the controls had asymptomatic bacteriuria; for the other three it is
unclear why they produce IL-8. Production of IL-8 has also occasionally been
observed in healthy children [8,9]. While IL-6 and IL-8 are good biomarkers
for infection, we found that they cannot distinguish between patients with
or without bacteremia. In a Swedish study a significant difference in IL-6
production was found between bacteremic and non-bacteremic patients, 24
hours after inclusion [32]. In that study, UTI patients were all hospitalized,
suggesting they had far more severe clinical symptoms than our patients
who were largely recruited at family practices. In addition, similar to the
samples in our cohort, at inclusion IL-6 production in the Swedish patients
was not significantly different between patients with or without bacteremia
[32].
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As previously reported in children and adults with UTI [11,13], we also found
that urinary cathelicidin LL37 is elevated in adults with UTI and appears to
be a biomarker for infection. Cathelicidin LL37 was however not different
between patients with and without bacteremia, making it unsuitable as a
biomarker for bacteremia.

B-defensin 2 has been previously shown by RT-PCR and immunohistochemis-
try to be produced in kidneys from patients with chronic upper UTI undergo-
ing nephrectomy but not in normal kidneys [12]. In addition it was reported
that B-defensin 2 mRNA transcription by renal tubular cells in vitro could be
upregulated by E. coli [33]. We determined the B-defensin 2 protein produc-
tion by ELISA and found that B-defensin 2 was detectable in the urine of a
minority of both controls and patients and did not differ between them. There
was also no difference in B-defensin 2 production between patients with or
without bacteremia, making it unsuitable as a biomarker for bacteremia.
Nitschke et al observed that stimulation with IL-6 did not affect B-defensin
2 production in renal tubular cells [33].We determined whether there was
a relation between IL-6 and B-defensin 2 in urine. 30 out of 89 patients
produce IL-6 and 23 out of 89 patients produce B-defensin 2 while only six
produce both, which is even slightly less than the expected number (eight)
if they are not correlated. This suggests that these two proteins are not
induced by the same stimuli.

Uromodulin is known to be produced constitutively in urine and was pre-
viously reported not to be correlated with recurrent UTI in young women
[15]. We found that the production also did not differ between the elderly
patients and controls in our cohort or between patients with or without bac-
teremia. We did however observe that the inability to produce uromodulin
in the urine greatly increased the risk of developing bacteremia (OR 6.0,
95% CI: 1.2-29.2). Uromodulin is produced in the thick ascending loop of
Henle and secreted into the urine via proteolytic cleavage. It is a known
biomarker for kidney disease [34]. Of the 16 individuals who did not produce
detectable uromodulin only a few had a condition that affected the kidneys:
two patients with bacteremia had chronic kidney insufficiency and one other
had urothelial cell carcinoma. One control had only one kidney but that in
itself does not explain the lack of uromodulin production. Lack of uromodulin
production in the urine appears to be a valuable biomarker for bacteremia in
vulnerable UTI patients.

The majority of the individuals in our study had, according to commonly used
standards [31], insufficient vitamin D in their blood, while severe vitamin D
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deficiency was found in many as well. However, there is still debate about
the definition of vitamin deficiency [35] but regardless of the criteria used
we found comparable median plasma vitamin D concentrations between
the three groups. Unfortunately, all samples for vitamin D measurement in
controls were recruited in winter. That may mask a difference between UTI
patients and controls. When comparing controls with patients recruited in
the same season, controls had significantly higher plasma vitamin D. Previ-
ously, low vitamin D levels were shown to be associated with bacterial and
viral infections [36]. A recent study also showed that vitamin D levels in
patients with recurrent UTI were found to be lower than in controls [20].
However, in that study it was unclear whether recruitment of cases and con-
trols were equally distributed upon the different seasons. Based on in vitro
experiments with bladder biopsies from women before and after vitamin D
supplementation it has been suggested that the protective effect of vitamin
D against UTI may be through the regulation of cathelicidin LL37 production
in the bladder [19]. In this respect, one might expect that higher vitamin
D levels might to some extent have a protective effect against invasive UTI
and bacteremia via cathelicidin. We however did not find an association of
plasma vitamin D with urinary cathelicidin LL37. Furthermore, there was no
association between either vitamin D level or urinary cathelicidin LL37 with
the presence of bacteremia.

We selected fifteen polymorphisms in genes with a known role in the rec-
ognition, the defense, or immune response to uropathogens (TLR1, TLR2,
TLR5, TIRAP, MYDS88, IL6, IL8, DEFA4, DEFB1, UMOD, CXCR1, TNF). None of
the alleles or genotypes was associated with febrile UTI when analyzing all
controls versus all patients. Because the presence of urinary tract disorders
or chronic renal insufficiency may mask genetic effects we re-analysed these
data after exclusion of individuals with known urinary tract disorders or
chronic renal insufficiency. This revealed an association between TLR5 SNP
rs5744168 and protection from UTI. The same SNP was previously found
to be associated with increased susceptibility to recurrent UTI in Caucasian
American women (339 recurrent UTI, 321 pyelonephritis, 317 controls) [26].
The discrepancy in the allele associated with protection from UTI suggests
that the TLR5 SNP is not itself the functional variant causing the protective
effect but rather linked to a functional variation in the vicinity. The different
genetic backgrounds in the two studies may cause the functional variant to
co-segregate with different alleles. The TLR5 polymorphism is also a lot more
common in our population than in the Caucasian American population (CT
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and TT 15.8% in our controls vs 7.4% in the Caucasian American controls)
thus revealing a difference in distribution. More SNPs in and around TLR5
need to be analyzed to pinpoint the causal variation.

Various other genetic variations have also been reported to be associated
with protection from, or the risk of developing UTI [27]. We analyzed several
of these but none were associated with febrile UTI in our cohort: the TLR2
polymorphism Arg753GIn that was associated with UTI in Turkish children
(124 patients, 116 controls) [24], the TLR1 1805T allele that was associated
with pyelonephritis in Caucasian American women (339 recurrent UTI, 321
pyelonephritis, 317 controls) [26] and five CXCR1 polymorphisms (of which
we tested two) that were associated with acute pyelonephritis in a Swedish
cohort (60 patients, 226 controls) [37]. These associations have thus far not
been confirmed in other independent cohorts either. The lack of association
in our cohort may be due to a difference in genetic background or due to the
selection of elderly patients in our cohort, as at an elderly age comorbidity
and an aging immune system may have more effect on susceptibility to UTI
than subtle genetic variations. We analyzed the largest cohort so far (440
controls and 707 patients) therefore the power to detect an association (if
present) is greater than in the other cohorts.

We found one polymorphism, the IL6 SNP rs1800795, specifically the CC
genotype, to be associated with development of bacteremia. This SNP is
located in the promoter of IL6 and is known to affect the IL-6 concentra-
tion in blood plasma, with the GG genotype producing more IL-6 [38,39].
Unfortunately, because not enough individuals produce IL-6 in their urine
we were unable to determine whether the GG genotype is also correlated
with IL-6 production in urine. It is however likely that the CC genotype
increases susceptibility to UTI due to low IL-6 production. In one study, a
significantly higher urinary IL-6 production was found in bacteremic than
in non-bacteremic patients, at 24 hr after inclusion [32]. In that study it
was also found that IL-6 response kinetics were different in bacteremic and
non-bacteremic patients, with IL-6 in non-bacteremic patients peaking early
and declining afterwards while IL-6 in bacteremic patients peaks late and
stays high [32]. It would be interesting to determine whether these response
kinetics are under genetic control. In mouse models of bladder infection
with uropathogenic E. coli, transcription of the /6 gene was found to be
very highly upregulated at 2 hr and moderately upregulated at 24 hr after
infection, with response kinetics varying between mouse strains, suggesting
genetic control [40]. In addition, the causative uropathogen was also found
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to influence the response kinetics, with group B streptococcus inducing a far
less pronounced response than E. coli [41].

In conclusion, we did not identify a convenient biomarker that will allow us
to distinguish between patients with or without bacteremia. We did find a
risk factor, lack of uromodulin, that is present in few patients but greatly in-
creases their risk of developing bacteremia. In addition we identified several
modest genetic associations, especially between TLR5 SNP rs5744168 and
UTI and between IL6 SNP rs1800795 and occurrence of bacteremia.
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