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Year

Study design

2020 Cross-sectional community 1,600 women
coort

2022 Mixed cross-sectional and

longitudinal observational  specimens (1

132 participants; 152

study Symptomatic specimens

plus 30 serial spec
from 10 controls)

2022 Prospective nonrandomized

prelpost cohort controls)

2022 Prospective longitudinal

2021 Cross-sectional study 43 women

2021 Cross-sectional case series

with longitudinal modeling  sampled longitudins

2018 Longiudinal case series

(102 specimens)

2025 Cross-sectional comparative
chronic UTI pretreat

19 on treatment)

2022 Cross-sectional paired-
‘specimen study

43 women

2022 Cross-sectional case-control 152 enrolled; 111

successfully amplified (67

1UT, 44 controls)

2024 Secondary cross-sectional
metagenomic analysis and
diagnostic-model study

75 women (25 rUTI

healthy controls)

64 urinary isolates.

2022 Human isolate study with ex
i representing 24 bax

ivo mechanistic experiments

37 women (17 rUT;
i

imens

2

26 adults; 6 had serial
samples

28 patients; one patient

ally

39 women; 9 severe.
cases followed for 2 years.

51 aduls (18 healthy; 14
tment;

relapse; 25 remission; 25

cterial

nd 2 fungal species

2024 Cross-sectional study 54 children

2023 Cross-sectional comparative

2025 Cross-sectional multi-omics.
and prognostic analysis.

141 adults (69
symptomatic; 72
‘asymptomatic)

2024 Cross-sectional comparative
study

2021 Cross-sectional analysis of
longitudinal cohort baseline

64 women

49 for 168; 96 for

2022 Cross-sectional case-control
study metabolomics

2021 Retrospective cross-sectional
study

recurrent cysi

2022 Retrvspechve cross-sectional
human st

2024 Retrospective cross-sectional
study 34 sporadic cysits;
recurrent cysits)

96 women (78 rUTI;
controls)

75 women (25 per group)

75 women (25 per group)

42 women (11 acute
uncomplicated cystits; 31

18

564 women (42 conrols;

488

Community-dwelling older women in
the TwinsUK cohort

‘Adults with suspected UTI plus
‘asymptomatic female volunteers,

Postmenopausal women receiving local
estrogen therapy

Adults aged >65 years residing in one
nursing home

Predominantly postmenopausal women
with established rUTI

Adults with suspected bacterial cystis

/omen with refractory urge
incontinence and coexsting rUTI

Adults with chronic lower urinary tract
Symptoms and healthy controls.

Symptomatic adult women with
established rUTI

Adult women with culture-negative rUTI
and age-matched asymptomatic
controls

Women represented in a previously.
published metagenomic dataset

Postmenopausal women with no rUTI,
TUTI, or rUTI receiing antibiotic
rophylaxs.

Children aged 3 months-11 years
undergoing clinically indicated VCUG

Postmenopausal women with no UTI
history, FUTI without active U, or rUTI
with active UTI

Postmenopausal women with no UTI
history, inactive rUTI, or active rUTI

‘Adult women and men with UTI
symptoms or no symptoms

Postmenopausal women using vaginal
estrogen: rUTI with prophylaxis, rUTI
without prophylaxis, and controls,

Children with vesicoureteral reflux with
or without renal scarring and surgical
controls

Women undergoing urine culture and

NGS for cysttis

Women ith rUTI and normal controls

Women recurrent

Definition of recurrent UTI Controlicomparison group Urine collection method Microbiome technique Principal findings

Not an rUTI cohort; prior UTI captured as a
clinical exposure

Not an rUThspecifc study; symptomatic
specimens classified using standard clinical
culturefurinalysis

Women with versus without prior
UTi and other host exposures.

10 asymptomatic women sampled
atthree time points.

Clean-catch midstream urine

Mixed catheterized and
midstream clinical specimens;
clean-calch midstream controls.

Atleast
months or 3in 12 months

UTisin6

Not an rUTI cohort; UTI symptoms and
antibiotic treatment were prospectively
recorded

Established ciinical rUTI diagnosis; precise.
requency threshold not reported in the.

Cystts based on symptoms and culture; not
an UTkspecif

wn

Comparisons by duration of
residence, frall, exposures, and
serial sampling

No non-rUTI control; linical
symptom clusters compared within
ort

No healthy control; comparisons.
across d within

one treated patient

catheterization at baseline and
months

Clean-catch midstream urine

Paired catheterized and
midstream voided urine

First-void/midstream urine

Recurrent symptomatic
i cech requency teshold ot iealy
pecified

Chronic UTI defined clincally by persistent
UTS and pyuria; not the conventional
episodic rUTI definition

Established ciinical rUTI diagnosis; exact
episode threshold not reported

At least 2 symptomatic UTis in 6 months or
atleast 3in 12 month;

Atleast 2 symptomatic UTIs in 6 months or 3
in 12 months

Clinical rUTI history from parent cohort;
exact frequency threshold not restated

History categorized as 1,2, or at least 3
UTIs; recurrent group represented by at
least 3 prior UTis.

Recent clinical history of fUTI; exact episode
threshold referenced to parent study

Recent clinical history of rUTI; exact episode
threshold referenced to parent study.

Not rUTk-specific; UTI required compatiole.
symptoms/signs and >100,000 CFU/mL.

Clinical rUTI history; exact frequency.
threshold not restated

Recurrent febrile UTI history; exact episode
threshold not stated

Rej

; within-person
comparisons over recurrent
episodes

Healthy controls and treated versus
untreated chronic UTI groups

Within-participant comparison of
specimen and culture methods

Age-matched asymptomatic women
with normal urinalysis

Healthy women and rUTI remission
group

Isolates from women without rUTI
and from rUTl groups

Comparisons by sex, age, and
number of prior UTIs

No-ifet
versus active rUTI groups

Midstream urine.

Paired catheterized and
midstream voided urine

‘Standard clean-catch midsiream
Clean-catch midstream urine in
ource cohort

Catheterized urine in parent
conort

Catheterized urine during VCUG

ime-UTI controls and inactive Clean-catch midstream urine

Noifetime-UTI controls and inactive  Clean-catch midstream urine

versus active rUTI groups

Asymptomatic adults.

Self-collected midstream urine

168 rRNA gene amplicon sequencing

Identified a diverse core urinary microbiome; age,
prior UTI, host genefics, and environmental factors
contributed to compositional variation.

states

plus standard urine culture.

168 rRNA V1-V2 sequencing and
fungal ITS sequencing

substantially overlapped; routine culture
preferentially recovered traditional uropathogens
and missed broader community composition.

Local estrogen altered the urinary communit
Finegoldia magna decreased, but Lactobacillus.
abundance did not significantly increase.

Expanded quantitative urine culture
(EQUC) and standard urine culture

varied with length
of residence and frailty; Aerococcus urinae
increased with longer residence.

Clinical symptom profiles were associated with

Cross-sectional design; prior UTI partly history-
based; limited dlinical characterization of active
infection.

Convenience remnant specimens, heterogeneous
collection methods, and limited control of clinical
confounding.

‘Small cohort, incomplete follow-up, and no.
unireated concurrent control

Single-center smal cohort; serial sampling limited
o six participants; attrition not analytically
addressed

‘Small single cohort, no healthy comparator, and
ted

although
individual symptoms were not linked to single.
organisms.

Timit I

165 DNA llumina
generalzed Lotka.Voliera modsling

Standard culture, 165 rRNA profiing,
and E. coli fimH strain typing

Culture and 165 rRNA amplicon
sequencing; targeted ecological
nalyses

Standard culture and EQUC

165 fRNA V3-V4 llumina sequencing

dysbiosis; modeling suggested dynamic microbial
interactions during antibiotc treatment.

Adiverse urinary microbiota was present; recurrent
episodes reflected both persistence of the same E.
coli sirain and acquisition of new sirains.

Chronic UTI was associated with reshuffing of the.

mall external control;
\nngmudmn\ oferance argey based on one
patent.

Selected severe subgroup, small sample, and no.
comparator group.

Cross-sectional, modest sample, and chronic UTI

organism.

EQUC detected more uropathogens than standard
culture; voided and catheterized specimens.
produced meaningfuly different organism profies.

Culture-negative rUTI showed distinct urinary
microbiota and differential taxa compared with
controls.

phenotyps rom standard rUTI definitions.

‘Small single-center cohort; no non-rUTI
‘comparator; culture-based rather than sequencing
based community characterization,

Single center; amplifcation failures; midstream
contamination risk; cross-sectional des

Shotgun rulen
e e earming
odels

EQUC, MALDI-TOF/Sanger
denifcton, and ex o nhbon
says

by uTI
® e, sxloratory ol diingushed nealthy
versus rUTI and relapse versus remission.

Many urinary Lactobacilus isolates inhibited
uropathogens, supporting potentia protective
intermicrobial interactions.

16 IRNA gene
sequencing

Whole-genome shotgun
metagenomics plus targeted LC-
MSIMS glycosaminoglycan profiing

Shotgun metagenomics plus targeted
C-MSIMS metabolomics

Invacalarculuro asay, confocal

aried by sex and
ersty was lower among ohlaren it at fast 3
prior UTls.

Urinary glycosaminoglycan patierns were
associated with rUTI status and

analysis, limited confounder
control, and no independent external model
fon.

Isolate-level ex vivo findings may not reflect in vivo
effects; selected culturable organisms; limited
participant level inference.

‘Small convenience sample, prophylactic antibiotic
exposure, and limited infant representation.

Cross-sectional biomarker association; selacted

validation.

Defined
v sl i Sgncture, and doowyenal 8 as
an exploratory recurrence marker.

Intracellular bacteria ocourred in symptomatic and
ssymplamacparipants:nvacalar €. ol was

Age-matche
rsiprrerr)

Healthy pediatric xurg\ca\ controls
and VUR subgrou

peated fter prior
reatment; exact numeric threshold not
clearly specilied

Glinical recurrent cystiis/rUTI history; exact
numeric threshold not clearly specified

cystits group

Normal control group

vopy, slandrd cutur, snd
T associated with symptor

Catheterized EQUC and

without active infection sequencing

or sterile
voiding at surgery

and mass-
spectromelry metabolomics.

taxa, particularly
Bacteroidales/Prevotellaceae, differed among rUTI
and control phenotypes despite similar overall
species counts.

and internal testing used the
same cohort; no independent exteral validation.

‘Convenience recruitment, cross-sectional design,
ond e acjustmen o sex and ter
un

‘Small sample, cross-sectional baseline analysis,
and antbioticivaginal-estrogen exposure.

VUR and recurrent U
distinct microbial profiles and broad metanolomic
alterations.

Transurethral

Transurethral catheterization

NGS was cullure; recurrent
and

ot design,
mump\e compatisons, an mnfoundmg by VUR
verity/treatment

‘Small retrospective cohort, prior antibiotic use, and
no

1 I culture

165 RNA gene sequencing

uncomplicated cysttis and symptom-
trols.

Atleast & months or at
least 3 in 12 months

"l
uncomplicated cystis

Transurethral

165 fRNANGS pl |
culture.

n
taxonomic patterns.

Gardnerella detection alone did not distinguish
groups; ts association with rUTI depended on
community Gontext and other isk factors.

e e e

Small control and Gardnerella-positive subgroups,
retrospective selection, and animal experiments
exciuded from this review.

Retrospective referral cohort; prior

subslanlnslly increased organism Yo

unequal group
sizes.



