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Abstract

Introduction and hypothesis Urinary tract infection (UTI) is one of the most common human infections. Evidence suggests
that there might be a genetic predisposition to UTI. Previous small candidate gene studies have suggested that common
variants in genes involved in the immune response to UTI could increase susceptibility to the development of recurrent UTI
(rUTT). The objective was to conduct a gene association study to replicate previous gene association studies identifying
single nucleotide polymorphisms (SNPs) putatively associated with rUTI in adult women.

Methods Women with a history of rUTI and healthy controls were recruited (n=1,008) from gynaecology outpatient clinics.
Participants completed a signed consent form and questionnaire for phenotyping. DNA was extracted from blood or saliva
samples for each participant. Putative associated SNPs were identified from a comprehensive systematic review of prior
gene association studies. Primers for each selected SNP were designed, and genotyping was conducted using a competitive
polymerase chain reaction (PCR) method. The Chi-squared test was used to assess the association between each variant and
rUTI. Genotyping quality was assessed by checking for deviation from Hardy—Weinberg equilibrium.

Results We found no association between SNPs tested in the VDR (p=0.16, p=0.09, p=0.36), CXCRI (p =0.09), CXCR2
(»=0.39), PSCA (p=0.74) genes, and rUTI in adult women.

Conclusions To our knowledge, this is the largest study to date, finding no significant associations. Previously reported
positive associations may have been due to type 1 error, or genotyping errors. Future studies should adjust for confounders
and employ adequate sample sizes. A greater understanding of the genetic components associated with rUTI may influence
future treatment guidelines and screening for susceptible patients.
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Introduction

Handling Editor: Tamara SerdinSek

Editor in Chief: Maria A. Bortolini Urinary tract infections (UTI) include any infection of the
kidneys, ureters, bladder, and urethra [1]. The most com-
mon organism causing UTI is Escherichia coli [2]. Approxi-

mately 50-60% of women have experienced a UTI in their
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lives and 27-44% of women who have had an episode of a
UTI will experience a recurrence [3]. Recurrent UTI (rUTT)
is defined as more than two episodes of UTI in the last 6
months or more than three episodes in the last 12 months [2,
3]. These recurrent infections are usually caused by reinfec-
tion by the same pathogen [2].

Women with a history of rUTI also report a greater prev-
alence of UTI among their female relatives, suggesting a
genetic predisposition to the disease [4]. A study showed
a similar history of rUTI in 65.5% of mothers, 61% of
daughters and 49% of sisters of 41 adult women [5]. Single

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00192-024-05742-2&domain=pdf

696

International Urogynecology Journal (2024) 35:695-701

nucleotide polymorphisms (SNPs) are variations in the DNA
of individuals, which can have an impact on gene function
and gene expression. SNPs in genes involved in the immune
response to UTI could be responsible for the increased sus-
ceptibility to the development of UTI [6].

This study was aimed at replicating previous candi-
date gene association studies identifying SNPs putatively
associated with rUTI in adult women. SNPs for analysis in
this study were chosen after a systematic review and meta-
analysis of all previous gene association studies for UTI in
children and adults. We aimed to replicate all significantly
replicated associations from those meta-analyses, selecting
SNPs in the vitamin D receptor (VDR), CXCRI, CXCR2
and PSCA.

Vitamin D is involved in the first line of defence against
bacterial infections within the urothelium via its nuclear
receptor and it has antibacterial properties [7-9]. Vitamin D
promotes monocyte differentiation and inhibits lymphocyte
proliferation and secretion of cytokines such as interleukin-2,
interferon-y and interleukin-12 [6]. The VDR gene has over
3,500 identified variants; however, rs2228570, rs1544410,
rs7975232 and rs731236 are among the most widely inves-
tigated because they are both common and historically easy
to genotype. Studies have linked rs1544410 VDR polymor-
phisms with increased susceptibility to rUTI; however, it has
also been found that rs7975232 may in fact have a protective
factor in the susceptibility of rUTI. Research indicates that
151544410 VDR has an impact on how effectively vitamin D
can boost the production of antimicrobial peptides. This can
lead to a reduced ability to eliminate bacterial uropathogens,
potentially contributing to rUTIs [7-9].

Epithelial cells have been found to form blockades to
prevent the microbes from invading in response to many
proinflammatory mediators such as interleukin-8 (IL-8);
the most important cytokine activator of neutrophils play-
ing [8, 9] a major role in bacterial clearance, secreted by
uroepithelial cells [10, 11]. C-X-C chemokine receptor type
1 and 2 (CXCRI and CXCR?2) are seven-span transmembrane
receptors coupled to G proteins [10]. CXCRI has the high-
est affinity and specificity to IL-8, which is involved in the
movement of neutrophils across the affected epithelial cells
in a UTI [10]. In vitro studies have found that inhibition of
IL-8, CXCRI or CXCR?2 can weaken neutrophil migration,
hindering pathogen clearance [10-12]. In experimental UTI
IL-8 receptor homologue-knockout mice models, the neutro-
phils were unable to migrate across the epithelium, leading
to renal scarring and end-stage renal disease [12].

A study investigating 20 premenopausal women with
a history of rUTI and 30 premenopausal women with
no previous history of UTI found that CXCR2 expres-
sion was lower in premenopausal women with rUTI [11].
They found no changes in neutrophil CXCRI expres-
sion between premenopausal patients with rUTI and the
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healthy controls. Similarly, in a study of 129 UTI patients
versus healthy controls, CXCR1 (2608) GC presented a
lower prevalence among UTI patients and in chronic UTI
patients than in healthy controls (p =0.024, p =0.003).
The CXCR1 (2608) C alleles also had a lower prevalence
in chronic UTIs than in the controls (p =0.003).

The PSCA gene is a glycosylphosphatidylinositol-
anchored glycoprotein found on cell membranes, classified
as a prostate-specific cell-surface antigen [13]. Genetic
association studies investigating PSCA and UTI [14] found
when comparing the variant rs2976388 in female and male
patients there was a significantly increased risk of UTI in
women [14].

As gene association studies may frequently be flawed by
small sample sizes or genotyping error, we aimed to repli-
cate prior signals, with the long-term objective of develop-
ing novel diagnostic and therapeutic targets for UTI based
on these genetic insights [14]. We hypothesized that there
might be a significant association between the tested SNPs
and rUTI in adult women.

Materials and Methods
Recruitment

Following a systematic review and meta-analysis [15] of
prior gene association studies, we identified previously
suggested risk variants for rUTI, VDR rs228570, VDR
rs731236, VDR rs1544410, VDR rs7975232, CXCRI
1s2234671, CXCR2 rs11574750 and PSCA rs297388.

We conducted a gene association study based on a sam-
ple of women who attended the gynaecology outpatient
clinic at St Mary’s Hospital Paddington. Ethical approval
for the overall project design was granted from the NRES
Committee London-Chelsea (12/L0O/0394). Participants
completed a signed consent form, and then completed a
12-item International Consultation on Incontinence Ques-
tionnaire Female Lower Urinary Tract Symptoms (ICIQ-
FLUTS) questionnaire [16]. This questionnaire collects
information on the frequency of the 12 major lower uri-
nary tract symptoms using a five-point ordinal scale, with
the rating of the bother of each symptom on a ten-point
numerical scale.

Via whole blood samples, DNA was collected from
women into a 6-ml EDTA Vacutainer tube or using Ora-
gene saliva DNA collection kits, depending on the patients’
preferences.

All participants underwent a clinical note review to gather
missing data from initial recruitment. Patients who had
opted in for the follow-up were contacted after 12 months
with a questionnaire to complete the missing data.
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Case Definitions

We defined rUTI from self-report or review of clinical notes
using the definition from NICE guidelines: “more than two
episodes in the last 6 months or more than three episodes
in the last 12 months” [2]. Patients who had answered
“yes” under rUTI were defined as the case patients. Women
who had answered “no” were defined as control patients.
We excluded women who were pregnant at the time of
recruitment.

Sample Processing

Whole-blood EDTA Vacutainers and Oragene DNA Saliva
tubes were stored at —20°C or divided twice to 350 pl into
two Eppendorf Safe-Lock tubes and then frozen. The urine
sample was sent in a universal container to the clinical
microbiology laboratory to undergo microscopy and culture
following standard clinical guidelines.

DNA Extraction

The DNA was extracted using an Invitrogen iPrep robot and
separated into 96-well PCR plates and stored at —20°C. The
robot used a patented magnetic bead system to extract RNA
or DNA. Table 1 shows the chosen SNPs with their SNP
identifier and minor allele frequency.

KASPar Genotyping

The samples were genotyped by LGC Genomics in Hert-
fordshire. Primer designs for each SNP were prepared
using the PrimerPicker software. LGC uses a proprietary
genotyping method known as KBiosciences Competitive
Allele Specific PCR (KASPar). A separate 5’ sequence was
designed as a forward primer for each allele. The reaction
mix includes complementary oligonucleotides for these 5’
tails bound either to FAM dye or Victoria fluorescent dye
with different excitation and emission wavelengths. The

Table 1 Chosen single-nucleotide polymorphism (SNPs) with their
SNP identifier and minor allele frequency. The greater the minor
allele frequency, the higher power the statistical analysis has

SNP SNP identifier Minor allele
frequency
VDR rs228570 0.23
VDR rs731236 0.36
VDR rs1544410 0.48
VDR rs7975232 0.50
CXCRI1 rs2234671 0.35
CXCR2 rs11574750 0.15
PSCA rs2976388 0.50

fluorescent dye-bound oligonucleotides are matched by two
complementary oligonucleotides bound to quenchers, which
reduces the fluorescence emitted. As the DNA is amplified
using polymerase chain reaction, more of the fluorescent
dye-labelled oligonucleotides are combined, and uncoupled
from their quenchers, producing the fluorescence. Each of
the two homozygotes then have only one emission wave-
length, whereas the heterozygotes has fluorescence at both
wavelengths. ROX, also known as carboxyrhodamine, a fluo-
rescent reference dye, was used as a reference to normalise
the samples against to account for differences in starting
amounts of DNA. Each pair of primers was tested against a
panel of 50 samples to check for amplification and dimor-
phism. Samples were run on 1,384-well plates. Genotype
calls were made using KlusterCaller software. Genotyping
failed for rs2228570, with no results across the samples
tested. This SNP was therefore excluded from the analyses.

Statistical Analysis

The allelic Chi-squared test was utilised to determine the
relationship between vitamin D, CXCR 1/2, and PSCA
polymorphisms and recurrent UTI, with significance set at
p <0.05. Deviation from Hardy—Weinberg equilibrium was
calculated as a quality control to test whether the distribu-
tion of the data was consistent with expected population
frequencies.

Results

Out of 1,008 samples 979 women were recruited (rUTI
n=118, no rUTI n=890). Figure 1 presents the number of
individuals at each stage of the study. A total of 824 patients
were successfully genotyped. Twenty-nine duplicates were
removed and 795 participants were successfully genotyped,
meeting our inclusion and exclusion criteria. These patients
had data for the six SNPs tested. The number of patients out
of the 795 genotyped with no data is indicated for each SNP.

The participants recruited for this gene association
study were of diverse ethnicities and social backgrounds
(Table 2). The analysis was not adjusted for age, BMI, and
parity or menopausal status. Patients were followed up after
12 months with a postal questionnaire. Table 3 presents the
gene context, SNPs, alleles and p values for the gene tested.
We found no association between gene polymorphisms
tested and recurrent urinary tract infections at a significance
level of p<0.05.

Table 4 shows the frequency of each allele for the tested
gene polymorphisms. Additional quality control was with
Hardy—Weinberg law at a significance level of p <0.05. p
values obtained are shown on Table 4. All distributions were
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Patients recruited from gynaecology
outpatient’s clinic at St Mary'’s
Hospital Paddington

Patients recruited from postal
invitations treated by the
urogynaecology team surgically

l

|

(n =1008)
rUTI case n=118
control n=890

l

n= 1008 patients sent to LGC for
KASPar Genotyping

l—>

n=824 patients successfully

Failed to genotype patients
n=209

genotyped
> Duplicates removed
n=29
Rs7975232 VDR Rs1544410 Rs731236 Rs2234671 Rs11574750 Rs2976388
rUTI n=90 rUTI n=90 rUTI n=90 rUTI n=89 rUTl n=90 rUTI n=90
control n=696 control n=692 control n=691 control n=700 control n=695 control n=698
nodatan=9 no data n=13 no data n=14 nodatan=6 no data n=10 no datan=7

Fig. 1 A flowchart to report the number of patients at each stage of the study

Table 2 Characteristics of the patients recruited including case and
control age and body mass index (BMI) with standard deviation indi-
cated in brackets

Characteristic Average age (years) Average BMI (kg/m?)
rUTI case women 59 (£18.2) 25.8 (£6.7)
Control women 58 (x15.1) 259 (£5.7)

rUTI recurrent urinary tract infection

Table3 Gene context, variant single-nucleotide polymorphisms,
alleles and p values for the genes tested in this study. p <0.05 sug-
gests statistical significance and p>0.05 suggests no statistical sig-
nificance

Gene context Variants/SNP Alleles p value
(p<0.05)
VDR 1s7975232 A/C 0.16
VDR rs1544410 C/T 0.09
VDR rs731236 A/G 0.07
CXCRI1 12234671 C/G 0.09
CXCR2 rs11574750 C/T 0.39
PSCA rs2976388 AIG 0.74
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consistent with the Hardy—Weinberg equilibrium, suggesting
no systematic genotyping error.

We ran post hoc stratified analyses, testing the impact
of each variant for pre-menopausal and post-menopausal
women. Among the 12 additional tests we found a possible
association (marked with *) for the rs11574750 variant of
CXCR?2 in post-menopausal women only (p =0.02; Table 5).

Discussion

Our study found no association between any of the tested
SNPs and the susceptibility to rtUTIL. No genotyping error
was detected, with the distribution of alleles all consistent
with Hardy—Weinberg equilibrium.

CXCRI and CXCR?2 are specific receptors for IL-8 that
recruit neutrophils for bacterial clearance through a chemo-
tactic gradient created by the infected urothelium, activating
the relevant chemokine [17]. The functional state of these
recruited neutrophils is determined by the expression of
chemokine receptors in the urinary tract [18]. Furthermore,
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Table 4 Frequency of each

. Frequency Frequency Hardy—Weinberg
allele in the case cohort p value (p<0.05)
compared with the control
cohort 17975232 VDR

Case n=90 Frequency of A: 226.00 Frequency of C: 73.00 0.85
Control n=696 Frequency of A: 745.00 Frequency of C: 651.00
rs1544410 VDR
Case n=90 Frequency of C: 98.00 Frequency of T: 80.00 0.99
Control n=692 Frequency of C: 853.00 Frequency of T: 532.00
1s731236 VDR
Case n=90 Frequency of A: 99.00 Frequency of G: 79.00 0.96
Control n=691 Frequency of A: 865.00 Frequency of G: 515.00
1s2234671 CXCR1
Case n=90 Frequency of C: 171.00 Frequency of G: 7.00 0.06
Control n=695 Frequency of C: 1298.00 Frequency of G: 102.00
rs11574750 CXCR2
Case n=89 Frequency of C: 170.00 Frequency of T: 10.00 0.43
Control n=700 Frequency of C: 1334.00 Frequency of T: 58.00
rs2976388 PSCA
Case n=90 Frequency of A: 72.00 Frequency of G: 104.00 0.25

Control n=698

Frequency of A: 591.00

Frequency of G: 809.00

Table5 Gene context, variant single-nucleotide polymorphisms,
alleles and p values for the genes tested in pre-menopausal (age <51)
women and post-menopausal (age > 52).

Gene context  Variants/SNP  Alleles Pre-menopau-  Post-men-
sal p value opausal p
(»<0.05) value
VDR 1s7975232 A/C 0.09 0.47
VDR rs1544410 C/T 0.15 0.62
VDR rs731236 A/G 0.16 0.56
CXCR1 1s2234671 C/G 0.18 0.45
CXCR2 rs11574750  C/T 0.25 0.02*
PSCA 152976388 A/G 0.16 0.81

*p < 0.05 suggests statistical significance

vitamin D predominantly plays a role in the immunologi-
cal and inflammatory process by enhancing phagocytosis
via macrophage activation [9]. Both the innate and adaptive
immune systems require vitamin D for improved response
and functioning during infection and inflammation owing
to its role in white blood cell activation, interleukin and
cytokine stimulation signalling [8].

Limited research has conducted on the association
between VDR polymorphisms in adult women and rUTI.
Earlier studies have supported an association among poly-
morphisms in the VDR gene, UTI recurrence [7] and chil-
dren [9]. Our study participants were adult women, and the
findings may not be generalizable to children or men.

CXCRI and CXCR?2 are specific receptors for IL-8, which
plays a role in recruiting neutrophils and bacterial clearance

[19]. Rs2234671 causes the amino acid serine to replace
threonine at amino acid residue 276 of the CXCR1 protein
[19]. CXCRI is also linked to urinary IL-8 concentrations,
implying that rs2234671 might be involved in the regulation
of neutrophil recruitment towards the infected section of the
urinary tract in response to IL-8 generated by the uroepithe-
lial cells [19]. This mutation is suggested to have functional
significance for the binding affinity of IL-8 to the CXCRI
receptor [19]. Despite these findings, the first meta-analysis
conducted between CXCRI and CXCR2 polymorphisms
and susceptibility to UTI showed no correlation between
the SNP rs2234671 and susceptibility for UTI in adults [19].
However, this review did suggest an increased risk of devel-
oping UTI and CXCR]1 rs223467 in children [19].

There is limited research around the association with
variants in PSCA and urinary tract infections. One earlier
genome wide association study (GWAS) found an associa-
tion between UTIs and variants in PSCA rs2976388 [14].
Despite adequate power for such a large effect, we were
unable to replicate this association, suggesting that the ear-
lier findings could have been due to type 1 error, which is
common in GWAS.

Relevance for Clinical Practice

Identifying women at risk of rUTI may help us to target pro-
phylactic measures [20]. Further clinical studies are required
to determine optimal prophylaxis regimes for women at risk
of rUTI [21, 22]. Novel strategies in the management of
recurrent UTI might be found by identifying the underlying
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pathophysiology of those susceptible to rUTI [22]. Identify-
ing causal genetic pathways may also allow manipulation of
host defence mechanisms, providing new options for treating
UTI [23].

Strengths and Limitations

The case definition of self-reported rUTI may have intro-
duced misclassification bias. This can have unpredictable
effects on the outcome of our analyses and could have an
impact on the observed non-significant results across all
variants. Further studies would require accurate diagnosis
of UTI and removal of the self-reported element to pre-
vent misclassification bias. Not all UTIs present with typi-
cal symptoms, and some can be asymptomatic [24]. Better
discriminatory power might have been obtained if we had
separated our sample into pre- and post-menopausal women,
who might have different causal mechanisms. Although the
SNPs were all moderately common, SNP rs11574750 in
CXCR2 had a MAF of 0.15, which limits the power of the
analysis. Overall, for smaller effect sizes, insufficient power
may have contributed to our results differing from those of
previous studies.

Bias in genotyping is less likely. The phenotypes were
collected independently from the DNA samples; hence,
differential bias is not likely. Extensive quality control was
applied at every stage of preparation of the genotype data.
Variability in the quality comparing DNA prepared from
blood or saliva resulted in exclusion of samples prepared
from saliva. Differential misclassification is not a risk owing
to the fact that samples were processed and analysed blind.

There was no deviation from the Hardy—Weinberg equi-
librium, suggesting no major genotyping errors. Out of
the 29 duplicates three discrepancies (10%) in the alleles
were received. In these cases, the blood samples were
deemed more accurate over the saliva samples. This sug-
gests that there might have been discrepancies throughout
saliva samples that did not have blood duplicates. Although
Hardy—Weinberg equilibrium was assessed, bias towards the
null is still possible from any undetected genotyping errors.

Conclusions

In conclusion, genetic susceptibility to recurrent UTI
remains poorly understood. Multiple factors, such as
gene—gene and gene—environmental interactions could
be involved [20]. Research has indicated that vitamin D,
CXCRI and CXCR?2 have roles in the signalling of inter-
leukins and bacterial clearance during a UTI. Despite this,
our study shows no specific association between the genetic
predictors VDR, CXCRI, CXCR2 and PSCA and rUTI. To
have a greater understanding of the pathogenesis of UTI is a
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crucial step in establishing therapeutic strategies and preven-
tive measures for this disease.
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