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Background Urinary tract infections (UTI) are the most frequently diagnosed infection in
residents of long-term care and are a major risk factor for urosepsis, hospitalisation, and
death. Translocation of gut pathobionts into the urinary tract is the presumed cause of most
UTls. While specific gut microbiota characteristics have been linked to UTI risk in younger
adults, their relevance in aged care residents remains uncertain.

Methods The faecal microbiome was assessed in 54 long-term aged care residents with a
history of UTls and 69 residents without a UTI history. Further comparisons were made to
microbiome characteristics in 20 younger adults without UTls. Microbiome characteristics
were examined in relation to prior and subsequent UTls, as well as antibiotic therapy.
Results In long-term aged care residents, prior UTI history and exposure to UTI-exclusive
antibiotics do not significantly affect microbiome composition or functional capacity.
However, exposure to antibiotics unrelated to UTI treatment is associated with distinct
microbiota compositional traits. Adjustment for dementia, incontinence, diabetes, and prior
antibiotic use finds no microbiota characteristic linked to UTI development. However, prior
UTl is identified as a predictor of future UTls. Comparison with younger adults identifies
greater within-participant dispersion in aged care residents, as well as lower microbiota
diversity and altered microbiome functional potential.

Conclusions No association between the gut microbiome and UTI incidence, as has been
reported in younger individuals, is evident in long-term aged care residents. Considerable variability
in gut microbiome characteristics, relating to high antibiotic exposure and age-related physiological
and immunological factors, could mask such a relationship. However, it cannot be discounted that
increased UTl risk in the elderly is independent of microbiome-mediated mechanisms.

Urinary tract infections (UTls) are common in
residents of long-term aged care facilities,
posing serious health risks. Harmful bacteria
moving from the gut to the urinary tract is
thought to cause most UTls. It is still unclear,
however, how differences in gut bacteria
contribute to UTl risk in older adults. Here, we
investigate the gut bacteria of aged care
residents, both with and without a history of
UTls, and compare them to younger adults.
While prior UTls did not alter gut bacteria,
antibiotic use did. We observed greater
variability in gut bacteria among aged care
residents compared to younger adults. These
observations suggest that both high antibiotic
exposure and age-related factors may mask
any potential relationship between gut bac-
teria and UTl risk in this population. Under-
standing these factors could lead to improved
UTI prevention and treatment strategies for
elderly individuals.

Urinary tract infections (UTIs) are amongst the most common bacterial
infections treated in hospital and community settings' and a major con-
tributor to antibiotic prescribing”. UTIs occur when bacteria, most com-
monly uropathogenic Escherichia coli (UPEC), proliferate in the urinary
tract. If left untreated, UTTs can lead to pyelonephritis and urosepsis, which
can be life-threatening’. Up to 30% of sepsis cases originate from the urinary
tract, with an estimated mortality ranging from 20% to 40%°”".

UTIs are a considerable concern among elderly individuals. The
incidence of UTTIs increases with age and represents the third leading cause
of infection-related hospitalisations*’. Moreover, older hospitalized patients
(>85 years) have a higher risk of developing uroseptic shock than younger
patients ( <65 years), which is associated with longer hospital stays and
higher mortality'’. UTIs represent a significant proportion of acquired
infections in aged care residents, comprising over one-third of total cases’.
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High rates of cognitive decline, frailty, and medical comorbidities among
this population not only increases the risk of UTI complications but also
poses challenges for clinical assessment'"">. Consequently, empirical anti-
biotic therapy is often used even in the absence of confirmatory pathology or
clear clinical symptoms.

Thelower intestinal tract serves as a reservoir for UPEC and other UTT-
causing bacteria, including other members of the Enterobacteriaceae family
and some Enterococcus species*"”. The gut microbiome plays a crucial role in
controlling the colonization and proliferation of pathogenic bacteria in the
gut, particularly through the suppression of their growth by commensal
anaerobic taxa'*"'’. Recent studies have explored this role of gut microbiome
in the development of UTIs. Magruder and colleagues identified gut uro-
pathogen abundance as an independent risk factor for the development of
bacteriuria and UTI in kidney transplant recipients'’. Additionally, Worby
and colleagues found that lower microbial richness and a reduced pre-
valence of butyrate-producing bacteria were significantly associated with
recurrent UTI in younger women'®. However, how the microbiome influ-
ences the risk of UTT in elderly individuals, a population at high risk of both
UTI and its severe complications, remains unexplored.

In this study, we test the null hypothesis that UTI risk is independent of
gut microbiome characteristics. We aim to determine whether a history of
UTI is associated with disruption of gut microbiome composition and
functional potential, and whether specific microbiome features predict
future UTI. We compare faecal microbiome characteristics of 69 age- and
sex-matched aged care residents with no UTI history to those of 54 indi-
viduals who experienced UTI within 12 months of sample collection.
Additionally, we examine the relationship between UTI incidence and
antibiotic treatment, and assess the predictive value of prior UTI on
microbiome composition, and microbiome composition on future UTT risk.
Our comparison with a younger cohort reveals a substantially more dis-
persed stool microbiome in aged care residents, possibly due to high anti-
biotic exposure and age-related physiological and immunological factors.
Despite these variations, antibiotics, rather than UTIs, drive gut microbiome
changes. Furthermore, neither the presence of uropathogens nor specific
compositional characteristics significantly link to future UTI risk. While
microbiome-UTI relationships observed in younger adults are absent in our
study, we acknowledge the possibility of UTI risk in the elderly being
independent of microbiome-mediated mechanisms.

Methods

Aged care resident cohort

Participants were recruited and stool collected as part of the Generating
evidence on Resistant bacteria in the Aged Care Environment (GRACE)
study'”’. GRACE was a cross-sectional study in long-term aged care in
metropolitan South Australia, conducted between March 2019 and March
2020. Participants were ineligible if they were in respite care, receiving
palliative care, or where third-party consent was not obtained when
required. The sample size calculation for GRACE was based on a permu-
tational ANOVA (PERMANOVA) for testing the association between gut
microbiome Bray-Curtis dissimilarity and antibiotic exposure. A total of 200
participants provided 86% power to detect a between group difference with a
2-sided type 1 error rate of alpha=0.05. All participants provided consent to
the study through written consent themselves, or where third-party consent
was required, a legal guardian or family member with power of attorney
provided consent on their behalf. Consent was for use of samples to
determine the relationship between microbiome composition and expo-
sures including antimicrobial prescribing, clinical history, medications, and
diet. The study was approved by the Southern Adelaide Clinical Human
Research Ethics Committee (HREC/18/SAC/244).

Of 279 individuals assessed for eligibility, 137 were excluded due to a
failure to obtain a stool sample, an unknown date of stool collection, cathe-
terisation within the 24-month study period (12 months prior to, or following,
stool collection), or a failure to obtain clinical data (Supplementary Fig. 1). Of
the 142 individuals who were eligible to participate, 54 experienced one or
more UTI during the 24-month study period. To form a “no UTI” comparator

group, a subset of the 88 participants who did not experience a UTT were
randomly selected (using RAND Excel function) to achieve a sex ratio that was
equal to the case group. The age distribution of this comparator group, which
contained 69 participants, was confirmed to be equivalent to that of the case
group using the Kolmogrov-Smirnov normality test.

Participant data and UTI history

Participant data, including medication use, healthcare service utilisation
(including pathology services), and comorbidities, were derived from the
Pharmaceutical Benefits Scheme (PBS), Medicare Benefits Schedule (MBS),
and Aged Care Funding Instrument (ACFI) assessment, respectively
(Supplementary Table 1).

UTT was defined as pyuria ( >10 white blood cells per uL) and growth of
>10" of a single or mixed pathogen/s, and/or prescription of a medication
used exclusively in the treatment of UTIs, including trimethoprim, nitro-
furantoin and/or methenamine hippurate. Other antibiotics were char-
acterised by exposure to amoxicillin, amoxicillin/clavulanic acid,
azithromycin, cefaclor, cefalexin, ceftriaxone, cefuroxime, ciprofloxacin,
clarithromycin, clindamycin, doxycycline, erythromycin, flucloxacillin,
metronidazole, norfloxacin, roxithromycin, and trimethoprim/sulfa-
methoxazole. Urosepsis was defined as bacteraemia with the same pathogen
as cultured in urine culture during the same episode of care™.

Stool DNA extraction

All stool was collected and stored using Norgen Stool Nucleic Acid Col-
lection and Preservation Tubes (Norgen Biotek, ON, Canada) as outlined in
the Supplementary Methods. DNA was extracted using the Powerlyzer
PowerSoil DNA Isolation Kit (Qiagen, Hilden, Germany) according to
manufacturer’s specifications.

Shotgun metagenomic sequencing and bioinformatic
processing

The microbiome was assessed by metagenomic sequencing using the
Nextera XT DNA Library Prep Kit (Illumina, CA, USA) and sequenced on
an Illumina Novaseq platform with 150 bp paired end reads as per manu-
facturer’s instructions. The resulting reads had a median read depth of
45.0 M reads per sample (interquartile range = 39.8-47.8 M). Metagenomic
sequence data are accessible via the European Nucleotide Archive (ENA)
under the accession number PRJEB51408, with sample accession numbers
listed in Supplementary Data 1.

Sequences were quality-filtered using Trimmomatic (v0.39) and reads
that aligned to the NCBI human reference genome (release GRCh38)*' were
removed using Bowtie (v2.3.5.1)””. Microbiome taxonomic composition
data were determined using MetaPhlAn (v3.0)”’. Functional potential
profiling of microbial communities was performed by HUMAnN (v3.0)
against the MetaCyc database on all species detectable per sample with
MetaPhlAn™. Along with untargeted analysis of the HUMAnN output,
targeted analysis of functional pathway abundance was also performed,
based on the involvement in short-chain fatty acid production (n =22) as
well as butyrogenic capacity alone (n =7), which are hypothesised to be
involved in UTI pathogenesis™.

The ‘vegan’ R package” was used to determine alpha- and beta-
diversity metrics. Alpha diversity included: species richness, Shannon’s
diversity, Pielou’s evenness index, and Faith’s phylogenetic diversity, cal-
culated from taxonomic relative abundances at the species level. Beta-
diversity included Bray-Curtis dissimilarity index, calculated using square-
root transformed species relative abundance data and metabolic pathway
abundance data. The Bray-Curtis distance from centroid (the distance
between a sample and the corresponding group centroid) was calculated
from the Bray-Curtis dissimilarity index. Principal coordinate of analysis
(PCoA) plots were applied to visualise compositional differences. The
contribution of species to intestinal microbiome variance was determined
by a correlation biplot using the ‘ape’ R package™. A correlation co-efficient
cut-off of >0.25 was applied to filter for species that contribute to micro-
biome variance.

Communications Medicine | (2024)4:164



https://doi.org/10.1038/s43856-024-00583-y

Article

Quantitative PCR

Quantitative PCR (qQPCR) was performed on DNA extracted from stool
specimens for detection and enumeration of uropathogens (Supplementary
Table 2). Enumeration of E. coli was performed using a validated Taqman
Probe assay utilising KAPPA PROBE FAST ROX Low Master Mix reagents
(Kapa Biosystems, Cape Town, South Africa)””. UPEC absolute abundance
was determined as described”, with modifications. Briefly, 1 uL of DNA
extract was added to 17.5 pL of KAPA Probe FAST (Sigma-Aldrich, Bur-
lington, USA), 3.5 pL of each 5.0 pM primer, 5.25 uL of 7.5 uM TagMan
probe, and 4.25 pL of distilled water. All qPCRs were run in three technical
replicates of 10 pL, on QuantStudio 6 Flex Real-Time PCR system (Applied
Biosystems, Carlsbad, USA). Standard curves for both qPCRs were gener-
ated based on serial dilutions of ATCC strains of known concentrations of
Escherichia coli (ATCC25922). The limit of quantification for E. coli and
UPEC was 6.9 copies/mg stool and 54.6 copies/mg stool, respectively.

Non-elderly comparator cohort

Stool metagenomic sequencing data were compared to MetaPhlAn3 output
from baseline samples from a healthy comparator group (n = 20, age range
21-57 years). Details of recruitment, sample collection and processing have
been published as part of the IMPACT randomised controlled trial””. Briefly,
participants were recruited between 1 February 2018 and 31 August 2018
and ethics was approved by institutional ethics committees (HREC/15/
MHS/41) and registered with the Australian and New Zealand Clinical
Trials Registry (ACTRN12617000278336). Additional consent was not
required from participants for data comparisons.

Statistical analysis

Variance in Bray-Curtis dissimilarity between groups was determined using
permutational multivariate analyses of variance (PERMANOVA) and
dispersion (PERMDISP), using PRIMER-E (v7.0.21)", with 9,999 random
permutations. The contribution of bacterial species to intestinal microbiome
variance was determined by multiple correlation analysis, with a significant
correlation threshold at >0.25, of principal coordinates using PRIMER-E.
Comparisons of alpha diversity metrics, Bray-Curtis distance from centroid,
Bray-Curtis dissimilarity, and individual taxa were performed using
GraphPad Prism software (v9.4.0). Normality of the datasets was deter-
mined using the Shapiro-Wilk test. Significance (p < 0.05) was determined
using unpaired t-test (two-tailed) for parametric data and Mann-Whitney U
test (two-tailed) for non-parametric data. Comparisons of categorical data
were computed using Chi-squared test. P-values were adjusted for multiple

testing using the Benjamini-Hochberg correction at a false discovery rate of
0.05. Species and functional differences between groups were assessed by
linear discriminant analysis (LDA) effect size (LEfSe), where a = 0.05, LDA
score = 2, and a “one versus all” test’'. Species and pathways identified by
LEfSe were validated by Mann-Whitney U test.

The effect of microbiome and host variables on future UTT risk was
modelled by logistic regression using SAS Studio (v3.81). Host variables
included prior UTI, prior antibiotic exposure, moderate-to-severe incon-
tinence, diabetes, and dementia, and were related to future UTI in both
univariate and multivariate models. Microbial variables included alpha
diversity measures (Shannon’s diversity, species richness, Faith’s phyloge-
netic diversity, and Pielou’s evenness) and the relative abundances of gut
taxa associated frailty or UTL: Faecalibacterium prausnitzii”’, E. coli**”,
UPEC™, Enterobacteriaceae’, Pseudomonadota, and butyrate-producing
bacterial species (Anaerostipes hadrus, Eubacterium rectale, Coprococcus
catus, Faecalibacterium prausnitzii, Coprococcus eutactus, Roseburia intes-
tinalis, Eubacterium hallii, and Roseburia inulinivorans)'®. Multivariable
logistic regression was used to relate these microbial variables to future UTI
events, adjusting for prior UTI, prior antibiotic exposure, age, sex,
moderate-to-severe incontinence, diabetes, and dementia. Odds ratios (OR)
and 95% confidence intervals for the coefficients of the regression models
were calculated and tested for statistical significance (p < 0.05).

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results

Aged care cohort characteristics

One hundred and twenty-three aged care residents participated in the study,
with a median age of 87.6 years (IQR 81-93 years) and 81.3% of participants
being female (Table 1). Of the participants, 56.9% had a diagnosis of
dementia, and 91.1% had moderate or severe incontinence. The cohort was
divided into two groups: a case group of 54 individuals who experienced at
least one UTI during the 24-month study period, and a comparator group of
69 age- and sex-matched individuals who did not experience UTT (Sup-
plementary Table 1). The groups did not differ significantly in any of the
assessed unmatched characteristics, except for exposure to antibiotics
exclusively prescribed for UTT. Cohort characteristics were comparable to
data from 142,923 permanent residents of residential aged care facilities in
the Registry of Senior Australians (ROSA) (Supplementary Table 1).

Table 1 | Study cohort characteristics

Variable Aged care residents Non-elderly
Number of participants, n 123 20

Female sex, n (%) 100 (81.3) 15 (75)

Age (years), median [IQR] 87.6[81.3-93] 36.5 [24-49.5]
12-month mortality, n (%) 23 (18.7) 0(0)

Time (days) to mortality, mean + SD 149 + 87 0+0
Dementia, n (%) 70 (56.9) 0(0)
Moderate-severe incontinence, n (%) 112 (91.1) 0(0)
Number of participants with >1 antibiotic dispensed (prior 12 months), n (%) 74 (60.2) 0(0)
Antibiotics prescribed per participant (prior 12 months), median [IQR] 3[0-6.5] 010]
Number of participants prescribed UTI-exclusive therapy (prior 12 months)?, n (%) 27 (21.9) 0(0)
Number of participants prescribed other antibiotics (prior 12 months)®, n (%) 67 (54.5) 0(0)

UTl incidence in 24-month period, n (%) 54 (43.9) 0(0)
Urosepsis incidence in 24-month period, n (%) 4(3.3) 0(0)
Number of recorded UTls in 24-month period, n 110 0(0)

“Trimethoprim, nitrofurantoin and methenamine hippurate.

®Amoxicillin, amoxicillin/clavulanic acid, azithromycin, cefaclor, cefalexin, ceftriaxone, cefuroxime, ciprofloxacin, clarithromycin, clindamycin, doxycycline, erythromycin, flucloxacillin, metronidazole,

norfloxacin, roxithromycin, and trimethoprim/sulfamethoxazole.
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However, the study cohort had a higher proportion of females (81.3%,
compared to 68.4% nationally) and those with severe incontinence (85.4%,
compared to 77.5%).

The case group experienced a total of 110 UTIs during the 24-month
study period, with a median of one UTI (IQR 1-2.3) per person. Out of the
54 individuals in this group, 41 had at least one UTT in the 12 months
preceding sample collection (61 UTIs in total), and 28 had at least one UTI
in the 12 months following sample collection (49 UTIs in total) (Fig. la).
Fifteen individuals experienced at least one UTI during both periods. Four
individuals in the case group were hospitalised with urosepsis, with one case
occurring prior to sample collection and three cases occurring after sample
collection.

Aged care cohort stool microbiota characteristics

In total, 521 bacterial species were detected in the cohort. Of these, 29 were
identified as core taxa (detected in 60% or more of individuals, with a median
relative abundance of at least 0.1%), representing four bacterial phyla
(Actinomycetota, Bacteroidota, Bacillota and Pseudomonadota) (Fig. 1b).
Sixty percent of core species (1 = 19) were gram-positive, 93% (n = 27) were
obligate anaerobes, and 52% (n = 15) were capable of butyrate biosynthesis.

Prior UTI as a determinant of faecal microbiome characteristics
Faecal microbiota composition in those who experienced a UTT in the 12
months prior to sample collection and those who did not was not sig-
nificantly different (PERMANOVA, R*=0.71%, p = 0.75) (Fig. 2a). There
was also no difference in the dispersion of samples between groups
(PERMDISP, Pseudo-F=0.41, p=054). These findings remained
unchanged when the UTI assessment period was limited to three or six
months prior to sample collection (Supplementary Table 3). Assessed alpha
diversity measures did not differ significantly between the two groups at any
time point (all p > 0.05; see Supplementary Fig. 2).

Differential abundance analysis revealed nine species that were sig-
nificantly different between those who had prior UTI and those who did not
(Fig. 2b). Bifidobacterium dentium, Dorea longicatena, Amedibacillus dolichus,
Lactobacillus rogosae, Olsenella profusa, Streptococcus parasanguinis, and
Streptococcus salivarius were less abundant in residents with prior UTI, whereas
Erysipelatoclostridium ramosum was more abundant (Fig. 2b). These species
are all gram-positive and recognised members of the normal gut microbiota. All
but two (S. parasanguinis, and S. salivarius) are obligate anaerobes.

Comparison of microbiome functional capacity identified no sig-
nificant difference in overall pathway composition or in abundance of
specific functional pathways between those who had experienced prior UTI
and those who had not (Supplementary Table 4).

Gut microbiome characteristics influenced by antibiotic expo-
sure, but not sex, age, or UTl-exclusive therapy

Antibiotic exposure in the prior 12 months was assessed according to three
categories: 1) total antibiotics, 2) UTI-exclusive therapy (trimethoprim,
nitrofurantoin and methenamine hippurate) and 3) other antibiotics (those
not in UTI-exclusive therapy group). Total antibiotic exposure and expo-
sure to other antibiotics both significantly explained gut microbiome
composition (Fig. 2c, Supplementary Table 5). This remained true when
assessment was limited to three or six months prior to sample collection
(Fig. 2¢, Supplementary Table 5). However, UTI-exclusive therapy was not
associated with gut microbiome characteristics based on any duration of
assessment period (Fig. 2¢, Supplementary Table 5). Neither sex nor age was
associated with gut microbiome composition, and none of the assessed
variables were significantly associated with gut microbiota alpha diversity,
functional capacity, or cumulative relative abundance of butyrogenic taxa
(Supplementary Table 5).

Faecal microbiome characteristics were not associated with
future UTI

Twenty-eight members of the aged care cohort (22.8%) experienced at least
one UTI in the 12 months following sample collection. Of these, 15 (53.6%)

had experienced a UTI prior to sample collection. The faecal microbiota
composition of those who developed a UTI during the prospective assess-
ment period did not differ significantly with those who did not (PERMA-
NOVA, R*=0.67%, p=0.68) (Fig. 3a), including where the assessment
period was limited to three or six months post sample collection (Supple-
mentary Table 3). None of the assessed alpha diversity metrics differed
between comparator groups (all p>0.05, Supplementary Fig. 3). No
microbial factors were found to be independently associated with sub-
sequent UTI risk through multivariable logistic regression (Fig. 3b).

Functional analysis identified 22 pathways associated with SCFA
biosynthesis in the study cohort metagenome, including seven associated
with butyrate biosynthesis. None of these pathways were differentially
abundant in individuals who developed UTI following sample collection
compared with those who did not (Supplementary Table 6). No association
was identified between cumulative butyrogenic pathway abundance and any
aspect of antibiotic exposure (Supplementary Table 5), and no intergroup
differences in the cumulative relative abundance of butyrogenic taxa were
identified (Fig. 3¢).

While UPEC was detected in 42 members of the study cohort (34.1%),
carriage rate did not differ significantly between comparator groups (39.3%
vs 32.6%). Where detected, the absolute UPEC abundance also did not differ
between groups (Supplementary Fig. 4a), nor did the carriage frequency,
relative abundance, and absolute abundance of E. coli (Supplementary
Fig. 4b, ).

Prior UTl is associated with future UTI

Of the assessed UTTI risk factors (prior UTI, dementia, moderate-severe
incontinence, diabetes, and any antibiotic exposure) only prior UTI (up
to 12 months prior to sample collection) was associated with the
development of subsequent UTT (OR 3.52,95% CI 1.19-10.34, p = 0.023)
(Fig. 3d). This relationship remained significant when limited to UTI
incidence in the six months preceding sample collection (OR 2.94, 95%
CI'1.01-8.58, p = 0.048). Limiting UTI incidence to at least 2 cases in the
12 months prior to sample collection, however, found no significant
relationship with the likelihood of subsequent UTI (OR 2.54, 95% CI
0.54-11.89, p =0.24).

Given that 23 participants (18.7%) died in the 12 months following
sample collection, sensitivity analysis was performed on those who com-
pleted the study period (n =100). This analysis identified the same rela-
tionship between the microbiome and future UTT risk (Supplementary
Fig. 5a-f) and exposures/co-morbidities and future UTI risk (Supplemen-
tary Fig. 5g) as reported for the wider cohort.

Aged care residents exhibit greater microbiome variance than
younger healthy adults

Associations between features of the gut microbiota and UTI risk have been
reported in younger populations. Comparison of the microbiome char-
acteristics of the aged care resident study cohort to those of a non-elderly
cohort (mean age 39.3 + 12.6) identified significant differences in variance
(PERMANOVA, R*=5.4%, p<0.0001) and dispersion (PERMDISP,
Pseudo-F = 63.3, p <0.0001) (Fig. 4a). Bray-Curtis distance from centroid
was significantly higher in the aged care cohort compared to the younger
comparator group (Fig. 4b). Eight species were identified within aged care
residents as contributing significantly to the observed variation in microbial
community composition, including Collinsella aerofaciens, Bifidobacterium
adolescentis, Anaerostipes hadrus, Faecalibacterium prausnitzii, Methano-
brevibacter smithii, Ruminococcus gnavus, Eubacterium rectale and Blautia
wexlerae (Supplementary Data 2). Intergroup differences in microbiome
composition (Supplementary Data 3) included significantly higher levels of
Bacteroidota in older individuals, and Bacillota in the younger cohort. The
gut microbiota of aged care residents was also significantly less diverse
(p<0.01, Fig. 4c), had lower levels of butyrate-producing taxa than the
comparator group (p < 0.0001, Fig. 4d), and showed significant differences
in microbial functional capacity (PERMANOVA, R?=89.5%, P <0.0001;
Supplementary Fig. 6).

Communications Medicine | (2024)4:164



https://doi.org/10.1038/s43856-024-00583-y Article
Sample
a collection
Prior UTI Subsequent UTI
g
o ©
® o
o 0 05 ) ( X )
4
[ ) P O e® © ©
@ @ @ ® o o
Q O
9 o,
— o
= [ 4 ® ° o e o o ©
g °® ® o” © ®
S s
=
©
o [ ) ° ‘ ©
d -’
o
o ¥ , o -
S e ® o
..
% )
—’ T T T T T T T
-12 -9 -6 -3 S 6 9 12
Months between sample collection and UTI event
Event @ Hospitalised with urosepsis ® UTI
b 10+
)
S 8- Bacteroides
®
2
3 Bifidobacterium ~ EScherichia
Dorea
S 64 Agathobaculum )
o Fusicatenibacter Anaerostipes . .
© Alistipes Faecalibacterium
2 s i : Streptococcus
= Firmicutes bacterium .
® 44 : Parabacteroides
& Odoribacter; Eubacterium
% : Ruminococcus
5 5 Collinselfa Eggerthella
§ f Blautia
Roseburia Flavonifractor
: Ruthenibacterium
0_ B gy -_.-._.;._.-._i_. PPN 9 e TP APTTTeTIeY el FITRTIORS. STTTER @ Gordonibacter
50 60 70 80 90 100

Prevalence (%)

@ Actinomycetota Bacteroidota

Fig. 1 | UTI incidence and gut microbiome characterisation of aged care resi-
dents. a Horizontal lines represent timelines for each participant (n = 54) that
developed UTI over the 24-month study period. The black dotted line denotes stool
sample collection (day 0). Filled circles indicate a UTT event. UTI events circled in
blue represent hospitalisation with urosepsis. b The frequency of genera detected in
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the stool microbiome compared to their relative abundances, with core taxa iden-
tified (detected in 60% or more of individuals, with a median relative abundance of at
least 0.1%). Genera are coloured according to phyla: Actinomycetota (blue), Bac-
teroidota (orange), Bacillota (green) and Pseudomonadota (red).
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Fig. 2 | Prior UTI and antibiotic exposure as a determinant of gut microbiome
characteristics. a Principal Coordinate Analysis of the gut microbiota of stool samples
from residents with prior UTI (n = 41, pink) and no prior UTI (n = 69, teal). b Bacterial
species that were significantly higher in prior UTI group and no prior UTT group. LDA
scores were computed using linear discriminant analysis effect size (LEfSe). ¢ Bar plot
illustrating the significance and explained variance (R?) of antibiotic exposure on the
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gut microbiome, using PERMANOVA test on Bray-Curtis dissimilarity. Antibiotic
exposures were grouped according to total antibiotics, those used exclusively for UTI
treatment (trimethoprim, nitrofurantoin, methenamine hippurate), and those not
used exclusively for UTI treatment. Three exposure periods were assessed (12 months,
6 months, and 3 months). *p < 0.05, **p < 0.01, ***p < 0.001.

Discussion

There are several models that could explain relationships between disrup-
tion of intestinal microbiology and increased UTI risk. These include the
gut microbiome influencing UTI risk by serving as a reservoir for
uropathogens’, or by influencing systemic immune regulation', or UTIs
and associated therapies influencing intestinal microbiology, including
through exposure to antibiotics. Alternatively, associations between UTIs
and altered gut microbiota might simply reflect shared independent risk
factors. Through the assessment of multiple cohorts, and inclusion of
variables that may affect the association between the gut microbiome and
UTTs, we were able to explore such relationships. We focused particularly on
individuals living in long-term aged care, who are known to be at high risk of
UTT and associated complications. Our findings suggest that antibiotics,
rather than UTIs, are associated with gut microbiome changes. Moreover,
neither the presence of uropathogens nor specific compositional char-
acteristics are significantly linked to future UTTI risk. The stool microbiome
of aged care residents was found to be substantially more dispersed than that
of non-elderly individuals, potentially explaining the absence of
microbiome-UTT relationships that have been reported for younger adults
previously.

Our finding that the detection of intestinal uropathogens was not
associated with UTI is consistent with those of Worby et al., who investi-
gated intestinal microbiology in women with a history of recurrent UTI".
However, other studies have linked the detection of intestinal uropathogens
to UTIs™ . Longitudinal genomic analysis of urine and stool isolates from
women with UTIs by both Thanert and colleagues and by Chen and col-
leagues, for example, both suggested that the gut may be the source of
uropathogens in most cases”. However, both studies also report marked
individual variance in the pattern of gut colonisation, with the detection and
abundance of uropathogens varying considerably preceding and between
episodes of infection, suggesting that colonisation of the gut by uropatho-
gens is not sufficient to explain UTT risk by itself.

The mechanisms by which the wider gut microbiome might contribute
to UTI risk remain poorly understood. Worby et al. reported that reductions
in lower bacterial diversity and butyrogenic commensal taxa were associated
with UTI risk'®. However, as noted by the authors, antibiotic exposure was

higher in their recurrent UTI cohort compared to the control group,
potentially contributing to observed differences in microbiome character-
istics. In other contexts, such as in haematological stem cell transplant
recipients, pathobiont overgrowth in the gut has been linked to the sub-
sequent development of bacteraemia”. Similarly, Magruder et al. reported a
higher relative abundance of uropathogens, including E. coli and Enter-
ococcus sp, in the gut microbiota of kidney transplant patients with bac-
teriuria compared to controls'*. However, the role of pathobiont overgrowth
in bacterial translocation is less clear in immunocompetent populations
who have not undergone chemotherapy or interventions that compromise
the gut epithelial barrier.

In our study of long-term aged care residents, we identified a significant
association between prior antibiotic use and gut microbiome perturbation.
However, when we limited analysis to therapies used exclusively for UTI
(including trimethoprim, nitrofurantoin, and methenamine hippurate), no
association with microbiome disruption was observed. While this finding is
not entirely surprising, given that these UTI treatments have minimal
impact on anaerobic gut commensals compared to other antibiotics*™"", it
underscores the importance of judicious antibiotic selection in avoiding
microbiome disruption®. Moreover, it suggests that prior antimicrobial
therapy, and not prior UTT in itself, drives the microbiome perturbation in
this population.

We also observed a significant difference in the stool microbiome
between elderly aged care residents and a younger adult cohort, char-
acterised by higher within-participant dispersion and lower diversity in the
former. These findings are consistent with well-described changes in the gut
microbiome in later life***". Elderly individuals tend to exhibit more variable
microbiota composition, with reduced stability in response to lifestyle
perturbations****. The relative abundance of keystone commensal taxa and
species that are important mediators of host physiology, such as Faecali-
bacterium prausnitzii, also tend to decline in later life”, resulting in a
decrease in microbial capacity for synthesis of important physiological
regulators like butyrate™. These ageing-associated alterations in gut
microbiome characteristics likely reflect changes in both physiology
and external exposures, including antibiotics and wider polypharmacy”.
The contribution of these factors to the gut microbiome may therefore
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Fig. 3 | Faecal microbiome characteristics and non-microbiome predictors of
subsequent UTI in aged care residents. a Principal Coordinate Analysis plot
illustrating the gut microbiota of stool samples from residents who developed
subsequent UTI (n = 28, pink) compared to those with no UTI (n = 95, teal).

b Multivariable logistic regression for microbiome predictors of future UTI. ¢ Box
and whisker plot comparing cumulative relative abundances of butyrate-producing
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bacterial species (Mann-Whitney U test). The centre line denotes the median, the
box limits denote the inter-quartile range (IQR) and whiskers extend to the limits.
d Multivariable logistic regression for non-microbiome predictors of future UTI.
Multivariable logistic regression models were adjusted for age, sex, dementia,
moderate-severe incontinence, diabetes, any antibiotic exposure within the previous
12 months, and prior UTI incidence. Error bars indicate 95% CI. *p < 0.05.

explain why this aged care population do not show the same association
between the gut microbiome and UTIs as reported previously in a younger
population®.

Alternatively, the disrupted microbiome evident in aged care residents
might represent a common risk factor for UTT acquisition across this cohort,
via the mechanisms hypothesised by Worby et al.'*. For example, compared
to healthy controls, the gut microbiome of aged care residents featured a low
diversity and low capacity for butyrate production, characteristics that align
with those described by Worby et al. in those with recurrent UTI*. It cannot
be discounted that the gut microbiome of aged care residents predisposes to
UTT risk, with other, non-microbiome variables influencing whether UTI
develops. Our analysis of predictors of UTT identified prior UTI as the only
variable associated with future UTI, given that the cohort arms were age-
and sex-matched.

Our study had limitations that should be considered. First, defining
UTIs in the elderly is challenging. As older individuals may have difficulty
communicating symptoms, infection is less clearly associated with clinical
markers, such as fever, and the principal indicator of potential UTT may
include confusion or behavioural disturbance. Therefore, the extent to
which all assigned UTIs represent symptomatic infections is uncertain. We
therefore defined UTI based on antibiotic use and pathology results, rather
than clinical symptoms. Second, we observed considerable inter-individual
variation in the gut microbiome of this elderly population, which may reflect

the high variability in diet, polypharmacy, and comorbidities in this
population. This heterogeneity reduces our ability to identify potential
specific UTT-microbiome relationships. Notably, our cohort characteristics
align with those of 142,923 permanent residents of residential aged care
facilities in the Registry of Senior Australians (ROSA), with the exceptions of
the proportion of females and prevalence of severe incontinence. Given that
severe incontinence is more prevalent in older women®, its higher pre-
valence in our aged care cohort was anticipated due to the greater propor-
tion of females. Third, we aimed to investigate the relationship between the
gut microbiome and any prior or future UTI; we did not assess the rela-
tionship with severity or frequency of UTTs. As only four cohort participants
had a UTT that was complicated by bacteraemia, while only ten had >3 UTIs
in 12 months (the definition of recurrent UTI*), we had limited power to
explore these relationships. Additional studies with larger sample sizes or a
more targeted elderly population are required to specifically determine
whether stool microbiome features are indicative of UTI risk, severity, or
frequency. However, undertaking such studies presents considerable chal-
lenges, given the need to recruit participants from a population where over
half of individuals have dementia, long-term assessment is necessary, and
both stool samples and prescribing data must be accessed.

Given the high burden of UTTI in elderly populations, better under-
standing the potential influence of the gut microbiome on UTI risk for this
population is critically important. Our study highlights that microbiome-
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UTI associations found in younger populations' do not extend to elderly
aged care cohorts, a finding that is potentially explained by the high degree
of gut microbiome variance in elderly individuals. However, despite this
inter-personal variation, we identified antibiotics, particularly those pre-
scribed for non-UTT indications, as a major influence on gut microbiome
characteristics in the elderly. Determining the clinical significance of this
relationship to UTI and to wider health outcomes must now be a research

priority.

Data availability

Metagenomic sequence data for the GRACE study are accessible from the
European Nucleotide Archive under the accession number PRJEB51408,
with sample accession numbers listed in Supplementary Data 1. Sequence
data for the non-elderly comparator cohort are accessible from the Sequence
Read Archive (SRA) under BioProject accession number PRINA680665.
Source data for all figures are available in Supplementary Data 2-5. The
principal coordinates detailing the contribution of bacterial species to

microbiome variance in aged care residents are provided in Supplementary
Data 6. The list of 127 bacterial species that differed significantly between
aged-care residents and non-elderly individuals can be found in Supple-
mentary Data 7. All other data is available upon reasonable request from the
corresponding author.
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