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Abstract

Introduction and hypothesis We describe the rationale and
methods of a study designed to compare vaginal and urinary
microbiomes in women with mixed urinary incontinence
(MUI) and similarly aged, asymptomatic controls.

Methods This paper delineates the methodology of a supple-
mentary microbiome study nested in an ongoing randomized
controlled trial comparing a standardized perioperative
behavioral/pelvic floor exercise intervention plus midurethral
sling versus midurethral sling alone for MUI. Women in the
parent study had at least “moderate bother” from urgency and
stress urinary incontinence symptoms (SUI) on validated
questionnaire and confirmed MUI on bladder diary. Controls
had no incontinence symptoms. All participants underwent
vaginal and urine collection for DNA analysis and conven-
tional urine culture. Standardized protocols were designed,
and a central lab received samples for subsequent polymerase
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chain reaction (PCR) amplification and sequencing of the
bacterial 16S ribosomal RNA (rRNA) gene. The composition
of bacterial communities will be determined by dual amplicon
sequencing of variable regions 1-3 and 4—6 from vaginal and
urine specimens to compare the microbiome of patients with
controls. Sample-size estimates determined that 126 MUI and
84 control participants were sufficient to detect a 20 % differ-
ence in predominant urinary genera, with 80 % power and
0.05 significance level.

Results Specimen collection commenced January 2015 and
finished April 2016. DNA was extracted and stored for subse-
quent evaluation.

Conclusions Methods papers sharing information regarding
development of genitourinary microbiome studies, particular-
ly with control populations, are few. We describe the rigorous
methodology developed for a novel urogenital microbiome
study in women with MUL
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Introduction

Mixed urinary incontinence (MUI) affects millions of women
and imparts an enormous societal and economic burden.
Despite the hardships caused by MUI, its optimal treatment
and etiology remain unclear. Clinicians have long observed
that MUI, defined as a combination of both urge urinary in-
continence (UUI) and stress urinary incontinence (SUI), may
improve or resolve following incontinence surgery [1-3].
Resolution of SUI following surgery has been related to
SUTI’s anatomic underpinnings [4, 5]. It is unclear why UUI
may resolve after SUI surgery.

The advent of bacterial genetic sequencing technology en-
abled researchers to describe specific bacterial communities in
women’s urine: a female urinary microbiome [6-9]. Principles
of microbiome analyses and terminology are briefly described
in Fig. 1. The urinary microbiome may play a role in health
and disease, contributing to MUI pathophysiology. This
microbiome has been reported to differ in women with UUI,
and its composition has been reported to be associated with
UUI treatment response [8, 10]. These findings motivated our
study of the female urinary microbiome in women with MUI.

This is the description of the methods for a planned, sup-
plementary study of the Effects of Surgical Treatment
Enhanced with Exercise for Mixed Urinary Incontinence
(ESTEEM) trial. The ESTEEM trial was designed to compare
urinary incontinence symptom outcomes in women random-
ized to a standardized perioperative behavioral/pelvic floor
exercise intervention plus midurethral sling versus
midurethral sling alone [11]. While ESTEEM interventions
are aligned with traditional treatment approaches to SUI and
UUI, the ESTEEM population provides a unique opportunity
to explore alternative hypotheses regarding the etiology of
MUI as well as MUI treatment response.

The primary aim of the Human Microbiome Study in
ESTEEM (HMS-ESTEEM) is to evaluate whether the urinary
microbiome differs between women with MUI and similarly
aged controls. In order to better elucidate the origin of urinary
microbiota, the association between the vaginal and urinary
microbiome will also be explored. Clinically important study
aims include comparison of patient pretreatment urinary and
vaginal microbiomes relative to incontinence symptom sever-
ity at baseline and follow-up. We hypothesize that the
microbiome of women with MUI differs from asymptomatic
controls and that the vaginal and urinary microbiome are in-
terrelated. We also explore whether the pretreatment
microbiome is associated with clinical outcomes. The purpose
of this report is to: (i) describe our rationale, and (ii) illustrate
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the challenges encountered in the design of the HMS-
ESTEEM protocol.

Methods
Study overview

This manuscript describes the methodology for HMS-
ESTEEM, a prospective, multiinstitutional, observational
study comparing microbiota of women with MUI with those
of controls. HMS-ESTEEM received Institutional Review
Board approval from each of eight participating sites and the
data coordinating center in the Eunice Kennedy Shriver
National Institute of Child Health and Human Development
(NICHD) Pelvic Floor Disorders Network (PFDN). All par-
ticipants provided written informed consent.

Study protocol description
Participant flow

Figure 2 illustrates participant flow from screening/enrollment
through sample processing. PFDN sites recruited women with
MUI (cases) from the ESTEEM study as well as similarly
aged women without urinary symptoms (controls) into
HMS-ESTEEM. Controls were recruited from the community
and clinics using site-specific recruitment methods, including
use of advertisements, online resources, and referrals from
personnel in primary care and general gynecology clinics.
Specimens were sent to the University of New Mexico’s
Clinical and Translational Science Center laboratory, which
served as this study’s biorepository laboratory. This laboratory
will perform polymerase chain reaction (PCR) amplification
and 16S ribosomal RNA (rRNA) gene sequencing.

Inclusion and exclusion criteria

The ESTEEM trial methods have been published previously
[11]. The parent trial enrolled women with MUI who reported
at least “moderate bother” for both UUI and SUI components
of the Urinary Distress Inventory (UDI) questionnaire [12].
HMS-ESTEEM inclusion and exclusion criteria for MUI
and control participants are outlined in Table 1.

Variables measured and other considerations

MUI participants completed bladder diaries and validated
questionnaires assessing symptom burden for ESTEEM. All
HMS-ESTEEM participants provided demographic and med-
ical information, including whether or not they had symptoms
of'vaginitis, history of vaginal infection or vaginal medication,
orally administered antibiotic, vaginal douche or tampon use,
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Fig. 1 Brief description of
microbiome analysis
and terminology

Brief Description of Microbiome Analysis and Terminology

DNA sequencing is a culture-independent, DNA-based approach which rapidly identifies
micro-organisms in specimens (including those present in very small quantities and
frequently unidentified on standard culture). It uses the 716S rRNA gene that is unique to
bacteria to identify specific bacterial micro-organisms or “microbiota”. The “microbiome”
consists of the collective genomes of the micro-organisms existing within a niche/habitat.

16S rRNA (168 ribosomal RNA) is a component of the bacterial ribosome. The gene
encoding 16S rRNA is highly conserved in bacteria, though certain regions of the gene vary
between organisms (called hyper-variable or variable regions).

There are 9 known variable regions (V1 —VV9), which are interspersed between highly
conserved segments of the 16S rRNA gene. Conserved segments of the gene spanning
different variable regions (e.g. V1, V2, etc.) are used for priming sites to produce amplicons
(areas amplified) by polymerase chain reaction (PCR) amplification of the DNA samples.
Sequencing of the PCR amplicon(s) enables the resultant sequences to then be compared
to large databases of known 16S rRNA gene sequences, thereby identifying the specific
organisms in the sample. The ability to identify microbiota to the genus or species level may
vary depending on factors such as the variable regions sequenced and the databases used

for analyses. Different variable regions and databases have been used for bacterial
identification in various microbiome studies, which can complicate direct comparisons of
research results.

Indexes (also called a barcode) are specific DNA sequences that are included in the
adapter added to each sample. When each sample is given a unique index it enables
mixing and multiplex sequencing of multiple samples at the same time; each sample is then
recognizable by its unique index.

Steps for identifying bacteria using 16S rRNA sequencing techniques:

1. Specimens are collected and placed in DNA protectant to preserve the DNA

2. Cells and bacteria are broken open; DNA is isolated and extracted

3. PCR is performed on the DNA. Using primers for the gene encoding 16S rRNA, only
bacterial DNA is amplified. PCR primers are designed so that the amplified products include
certain variable regions of bacteria along with adapters to facilitate DNA sequencing.

4. Next-generation DNA sequencing is performed: Using adapters with unique indexes
added during PCR, multiple DNA fragments are sequenced in parallel. The sequences are
then processed (adapter sequences trimmed if necessary, de-multiplexed and sorted by
indexes into bins representing the origins of the sample).

5. Bio-informatics evaluation: Recovered DNA sequences are compared to databases of
16S rRNA sequences from known bacteria.

history of sexual activity, birth control methods, and systemic
or local hormone use. To decrease potential transient effects
on vaginal microbiota, participants were asked to refrain from
vaginal intercourse, douching, or genital spray/wipe use for
48 h prior to study visits. Specimens were collected at least
48 h after menstruation ended.

Specimen collection, mailing to central laboratory,
and processing

Study personnel performed urine dipsticks on midstream urine
to eliminate samples from women with UTIs (Fig. 2). Mid- to
upper vaginal specimens were obtained and placed in commer-
cially available tubes containing DNA protectant (Copan®
Swabs, Copan Diagnostics, Murrieta, CA, USA). Midvaginal
pH was recorded. The urethra was then swabbed with antiseptic
solution, and catheterized urine specimens were obtained for
routine culture and DNA analysis. Urines were placed in
vacutainers for routine culture (BDVacutainer®, Sierra
Molecular Corporation, Incline Village, NV, USA) and in com-
mercially available tubes containing DNA protectant (Assay

Assure®, Becton, Dickinson and Company, Franklin Lakes,
NJ, USA) for bacterial DNA analysis. Samples were labeled
and shipped on cold pack to the UNM biorepository laboratory
within 1 day of collection. The biorepository laboratory, on the
day of sample receipt, forwarded vacutainers to a single clinical
laboratory (Tricore Reference Laboratories, Albuquerque, NM,
USA) for urine culture.

The biorepository laboratory stored samples at —80° C
until DNA extraction was performed. Following extrac-
tion, specimens were stored at —20°C. After collection of
all specimens, PCR amplification and sequencing of vari-
able regions 1-3 and 4-6 of the bacterial 16S rRNA gene
will be performed.

DNA isolation procedures

DNA was isolated from vaginal swabs using the QIAamp®
DNA Investigator Kit (QIAGEN, Hilden, Germany) and the
QIAcube liquid handling automation system (QIAGEN) per
manufacturer’s recommendations and eluted into 100 pl of
Tris-ethylenediaminetetraacetate [Tris-EDTA (TE)] buffer.
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Flow Diagram HMS-ESTEEM Participants

HMS-ESTEEM Screening & Enrollment: MUI HMS-ESTEEM Screening & Enrollment: Controls

Participants 1. Potential Control participants identified willing
1. Potential ESTEEM participant identified willingto | | | toenroll in HMS-ESTEEM
enroll in ESTEEM 2. Review HMS-ESTEEM Inclusion/Exclusion Criteria
2. Enroll in HMS-ESTEEM if meets criteria 3. If meets critena, enrollin HMS-ESTEEM

Baseline Evaluation

1. Review HMS-ESTEEM Inclusion/Exclusion
. Obtain Demographic & Medical & Questionnaire Information
3. Participants must have negative (Leukocyte esterase and Nitrites S trace) urine dipstick & no dysuria
prior to microbiome sample collection
4. Obtain specimens for microbiome analysis: vaginal specimens & vaginal pH & catheterized urine
specimen

Catheterized urine specimen & vaginal specimens prepared
& sent to CTSA receiving center. CTSA sends portion of urine
to the designated Clinical Laboratory for culture. Bacterial
sequencing performed by the UNM CTSA Lab

[

UNM CTSA Lab
Processes urine for DNA extraction

|

UNM CTSA
Stores extracted DNA until all specimens are collected. All CTSA
lab personnel and Investigators Masked to identification of MUI
participants versus Controls

PCR amplification
Library Development
DNA Sequencing performed following
completion of sample collection

Fig. 2 Effects of Surgical Treatment Enhanced with Exercise for Mixed Urinary Incontinence (HMS-ESTEEM) trial participants

DNA isolation from urine was completed manually using the 168 and PCR planned procedures and rationale for choice
QIAamp® Viral RNA Mini kit (QIAGEN) with the addition of ~ of variable regions

carrier RNA to 280 pl of urine, following manufacturer’s rec-

ommendations. DNA was eluted with 30 pl of TE buffer, and ~ Rationale Vaginal microbiome studies have typically se-
DNA concentration was determined by Qubit® fluorometric quenced variable regions 1-2 (V1-V2) or 1-3 (V1-V3)
quantitation (ThermoFisher Scientific, Waltham, MA, USA). [13—15]. Recent work specific to female urinary microbiota
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Table 1  Study inclusion and exclusion criteria are as follows:

Patients
Inclusion criteria
* Enrolled in ESTEEM study
Exclusion criteria
« History of antibiotics orally or CIV within the previous month

« History of vaginal/vulvar antibiotic use (including antifungals) within
the prior 7 days

« Current vaginal probiotic or vaginal spermicide use

« Dipstick-positive urine (defined as increased trace leukocyte esterase/
nitrites)

Controls
Inclusion criteria

» Nonpregnant women >21 years who were age-matched to cases
Exclusion criteria

» Same exclusions as for patients (above)

« Significant urinary incontinence defined as Incontinence Severity Index
(ISI) score >2

* Overactive bladder (OAB) symptoms >8 on OAB Awareness Tool;
history of OAB treatment with anticholinergics/beta-3 agonists,
onabotulinum toxin A, or sacral neuromodulation

* History >2 treated urinary tract infections (UTIs) in the prior year

« History of detrusor-altering surgery, bladder cancer, pelvic radiation, or
significant neurologic disease

« History of condyloma or human papilloma virus within the prior 2 years

« History of vulvar/vaginal/cervical dysplasia in the prior 5 years

« History of HIV; bladder pain syndrome/interstitial cystitis; toxic shock
syndrome or catheterization for chronic urinary retention; synthetic
mesh placement for prolapse’ prior stress incontinence surgery

« History of inpatient hospitalization in the prior year

« History of prolapse surgery or vaginal pessary use within the prior
6 months

and UUI used V4 to evaluate urine [8, 10, 16]. To limit bac-
terial identification discrepancies that could be introduced by
using different variable regions for comparing vaginal and
urinary microbiomes, HMS-ESTEEM will perform 16S
rRNA gene sequencing following PCR amplification of both
V1-V3 and V4-V6 regions in urine and vaginal specimens.
Resultant sequences derived from urine specimens using V1—
V3 amplicons will be compared with sequences derived from
vaginal specimens using V1-V3 amplicons. The same will be
done for vaginal and urine specimens using V4-V6
amplicons. In doing so, we will determine whether over- or
underrepresentation of particular bacteria by the two different
amplicons could cause spurious differences between the ap-
parent vaginal or urine microbiota.

Planned procedures Amplification of 16S rRNA regions V1—
V3 and V4-V6 will be conducted on DNA isolated from both
vaginal and urine samples by PCR using primers designed to
adhere to conserved regions of the gene. Importantly, unique

Nextera®XT (Illumina®, San Diego, CA, USA) indexes will
be added to V1-V3 and V4-V6 PCR amplicons, respectively,
enabling separate analysis of each 16S rRNA region for each
sample.

A three-step PCR will be used to amplify the V1-V3 16S
rRNA region. The first PCR for the V1-V3 region will use
regular A17F and 515R primers (Table 2) and 25 cycles,
followed by a second five-cycle PCR using longer primers
(A17F-Nextera® and 515R-Nextera®; Table 2) that contain
the Illumina Nextera® linker adapter sequence on the ends
[17]. A final eight-cycle PCR using Illumina Nextera® XT
primers will be conducted to complete the [llumina® adapter
sequence and add unique indexes to each sample. For the V4—
V6 region, a two-step PCR will be used consisting of 30 cycles
of PCR amplification with the longer 515 F-Nextera® and
1114R-Nextera® primers (Table 2), followed by a second
eight-cycle PCR step to add one of 96 unique Nextera® XT
indexes from a different set of Nextera® indexes.

Prior investigation in our laboratory revealed suboptimal
amplification using the longer A17F-Nextera® and 515R-
Nextera® (Table 2) for the initial amplification of the 16S
rRNA gene. Initial examination of the V1-V3 PCR reaction
indicated reduced amplification of the region of the 16S rRNA
gene could be ameliorated by using gene-specific primers first
(A17F+515R, Table 2), followed by a second PCR using the
longer primers with Nextera® linker sequences (A17F-
Nextera® and 515R-Nextera®, Table 2). The V4-V6 PCR
using the longer Nextera® linker primers for the gene-
specific PCR did not suffer from reduced amplification; thus,
a two-step PCR for the V4-V6 16S rRNA region will be use.

After each of the PCR steps described above, PCR prod-
ucts will be purified with 0.8 volume of AMPure® XP beads
(Beckman Coulter, Pasadena, CA, USA) to remove unused
primers. For each sample, the successful amplification of the
desired 16S rRNA region will be confirmed by electrophore-
sis using an Agilent Technologies 2100 bioanalyzer or 4200
TapeStation instrument (Agilent, Santa Clara, CA, USA).
Concentration will be determined using Qubit® fluorometric
measurement. Equimolar pools of PCR amplicons will be cre-
ated, and resultant pools containing the desired ~790-bp PCR
amplicons will be purified using a 1.5 % gel and the
BluePippin system (Sage Science). Samples will be processed
in batches of 96, including two negative (water) controls with-
out addition of any DNA in order to assess contamination, and
7 % of samples will be processed in duplicate to assess the
reproducibility of the process.

16S rRNA sequencing plan
Sequencing will be conducted on the Illumina® MiSeq plat-
form using version 3 sequencing chemistry and 2 x 300-bp

read length. Both variable regions (V1-V3 and V4-V6) from
each batch of 96 samples will be pooled and sequenced
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Table 2 16S primer sequences
to be used in the Effects of

Primers variable regions 1-3 (V1-V3)

Primers variable regions 4-6 (V4-V6)

Surgical Treatment Enhanced
with Exercise for Mixed

A17F 5°- GTT TGATCC TGG CTC AG -3’

515 F-Nextera 5°- TCG TCG GCA GCG TCA GAT

Urinary Incontinence
(HMS-ESTEEM) study

515R 5°- TTA CCG CGG CMG CSG GCA -3’

GTG TAT AAG AGA CAG GTG CCA GCT GCC
GCG GTA ATA -3’

1114R-Nextera 5°- GTC TCG TGG GCT CGG AGA

TGT GTATAA GAG ACA GGG GTT GCG CTC
GTT GC -3’

A17F-Nextera 5’- TCG TCG GCA GCG TCA GAT
GTG TAT AAG AGA CAG GTT TGA TCC TGG

CTC AG-3’

515R-Nextera 5’- GTC TCG TGG GCT CGG AGA
TGT GTATAA GAG ACA GTT ACC GCG GCM

GCS GGCA -3’

Sequences underlined indicate the 16S ribosomal RNA (rRNA) locus-specific priming sequences. Sequences not
underlined indicate the Illumina linker adapter sequences to be used for priming during the NexteraXT® poly-
merase chain reaction (PCR) step, which will add the unique indexes and complete the Illumina adapter sequence

together, resulting in a total of 192 normalized and pooled
libraries per batch, each with a unique index sequence, per
sequencing run (Fig. 3). To ensure proper clustering and
basecalling, pools of 16S rRNA amplicon libraries will be
spiked with 5-15 % of a PhiX library (Illumina®) and loaded
on the MiSeq flowcell at 7-12.5 pM to create an optimal
cluster density of ~800 to 1,200 k/mm?.

Bioinformatics

Sequences will be analyzed using the Illumina BaseSpace 16S
Metagenomics App version 1.0.1. The 16S Metagenomics
App classifies sequencing reads against the Illumina-curated
version of the GreenGenes taxonomic database using
ClassifyReads. ClassifyReads is a high-performance imple-
mentation of the Ribosomal Database Project Classifier [18].
The rationale for using the BaseSpace 16S Metagenomics
App is that it is a free software package with version controls
and an easy to use graphical user interface, which is available
to everyone. By using a standardized bioinformatic pipeline,
data generated in this study can be more easily compared with
sequence results generated from other studies also using the
same bioinformatic pipeline.

Study outcomes

Study outcomes will be the composition of bacterial commu-
nities identified by DNA sequencing using the described 16S
rRNA techniques. The primary outcome will compare urinary
microbiota in women with MUI compared with controls (see
“Power calculations and statistical approach”). An important
secondary outcome will be to determine the vaginal
microbiome profile compared with that of the urinary
microbiome. An additional outcome, enabled by our unique
dual 16S rRNA amplicon study design, will be to evaluate
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whether these profiles as determined by sequencing of V1—
V3 and V4-V6 regions are similar.

Other clinically relevant outcomes include evaluation of
bacterial community characteristics and incontinence severity
at baseline and follow-up, and urinary tract infections.
Specifically, HMS-ESTEEM will describe whether pretreat-
ment bacterial community characteristics are associated with
baseline symptom severity. Consistent with the ESTEEM par-
ent trial, HMS-ESTEEM incontinence symptom severity will
be primarily based on Urogenital Distress Inventory (UDI)
questionnaire scores; UUI will be measured by the UDI-
irritative subscale scores, SUI by the UDI stress subscale
scores, and MUI by UDI total scores. Additional analyses will
be based on incontinence episodes on 3-day bladder diary,
including UUI, SUI, and overall incontinence episodes.
HMS-ESTEEM will also describe whether pretreatment bac-
terial community characteristics are associated with change in
MUI, UUIL and SUI symptom severity at 1-year follow-up.
Lastly, investigators will assess whether baseline bacterial
community characteristics are associated with development
of postoperative UTI and will describe congruence or differ-
ence between 16S urine sequencing and urine culture results.

Power calculations and statistical approach

Unlike previous studies [7-10], HMS-ESTEEM investiga-
tors performed sample-size calculations in the study de-
sign. These calculations were based on data from prior
microbiome studies.

Sample-size calculation Analyses of the vaginal microbiome
indicate that Lactobacillus is the predominant vaginal genus and
that there are age-dependent differences in Lactobacillus contri-
butions to the vaginal microbiome [13, 19]. Lactobacillus is
dominant vaginally in 73—83 % of reproductive-aged women
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Fig. 3 Overview of the dual 16S Isolate DNA
ribosomal RNA (rRNA) 4
amplicon s?quencing that will be V13 ;?; VAVE
used for urine and vaginal swab 3
. . PCR N PCR
samples in the Effects of Surgical
Treatment Enhanced with
Exercise for Mixed Urinary Sample 1
Incontinence (HMS-ESTEEM)
study. Samples will vve processed 10ul DNA  V1-V3-Short Primers V4-V6-Nextera Primers 10ul DNA
in batches of 96 that include 88 25ul PCR 25 cycles 30 cycles 250l PCR
clinical samples, two no-template 0-8] Clean Ulp 0.8 Clean up 0.8 Clean up
controls (NTC), and six repeats of E\;'tle \I/Z“N . Elute 174l Elute 17ul
clinical samples to test for 1150l DNA Y TV2T Segtelra rimers Hllumina Nextera
reproducibility and variability of 25ul PCR ycles Set B Index Primers  15ul DNA
the method PCR- 8 cycles 50ul PCR
Illumina Nextera 1.2 Cleanup
15ul DNA Cat A : * Elute 27ul
50ul PCR Set A Index Primers
PCR- 8 cycles QC- Qubit
1.2 Clean up Bioanalyzer
Elute 27ul
QC- Qubit
Bioanalyzer
\ Sequence
Pool 96 samples

[13, 19]. A recent study reported predominant vaginal genera
based on menopausal status; Lactobacillus was dominant in
83 % of pre- and perimenopausal women compared with
54 % of postmenopausal women (P =0.004) [19].

In the Pearce UUI microbiome study, predominance was
defined as any genus comprising >45-50 % of sequences in
a sample [10]. The patients’ mean age in that study placed
them in the menopausal range (56.7-59.3 years), and 25 %
of patients had Lactobacillus-predominant urine. For the
upcoming study, we assume Lactobacillus will be the pre-
dominant urinary genus in 50 % of controls and 30 % of
ESTEEM participants. With that assumption, 200 partici-
pants (120 ESTEEM participants and 80 controls) will be
required to find a 20 % difference in predominant urinary
genera between groups with 80 % power and a two-sided
test with a significance level of 0.05. Based on the Pearce
microbiome study [10], we assumed that 5 % of participants
would have urine that could not be sequenced and thus
increased enrollment by 5 %. The study aimes to enroll
210 women (126 cases and 84 controls).

Statistical approach For the primary outcome, urinary genera
(including the definition of bacterial predominance as >45—
50 % of sequences in a sample), will be described using
methods similar to those used by Pearce [10]. We anticipate
that, similar to the previously mentioned findings, we will
describe approximately 4—5 urotypes, or groups. The propor-
tion of ESTEEM participants in whom urine samples are

% MiS
192 Unique Indexes 1289

2x300bp

Lactobacillus predominant will be compared between cases
and controls using chi-square or Fisher’s exact tests.

A Dirichlet multinomial mixture (DMM)-based approach
will cluster urine and vaginal samples based on overall distri-
bution of genera found in the samples [20]. The relative abun-
dance of various genera within the resulting clusters, or
“community types,” will be described. Community-type
membership will be correlated between urine and vagina to
explore whether individuals belonging to certain urinary-
microbiome community types are more likely to belong to
specific vaginal-microbiome community types.

General linear modeling will be used to assess whether the
predominant genera and/or community types in the urine and/
or vagina are associated with pretreatment MUI, SUI, or UUI
symptom severity as measured by UDI total and subscale
scores; UL, SUI, and UUI episodes on the voiding diary; and
whether bacterial community characteristics predict posttreat-
ment outcomes. Similarly, generalized linear modeling will
explore whether pretreatment bacterial community character-
istics are predictive of postoperative UTI development.

Results of urine cultures will be characterized using
methods similar to those for the urinary microbiome (identifi-
cation of predominant species and clustering using DMM
methods). Chi-square or Fischer’s exact test will assess wheth-
er there is an association between the predominant genera in
urine culture and sequencing results. Additional comparisons
between genera in urine culture and sequencing results will be
performed using DMM methods.

@ Springer



718

Int Urogynecol J (2017) 28:711-720

Discussion

There were several challenges encountered while designing
this study. The following discussion addresses our approach
to these challenges and highlights the importance and clinical
relevance of the study.

Challenges encountered in designing HMS-ESTEEM

Design challenges encountered in this multicenter
microbiome study comprised coordination and standardiza-
tion of specimen collection/processing, communication over
multiple sites, selection of age-appropriate controls, masking
of case/control status, and issues encountered in comparing
urine and vaginal microbiota.

Coordination between sites, procedure standardization,
and masking

This study’s multisite design complicated its coordination. To
ameliorate the problem, investigators developed specimen-
collection kits, a procedure manual, and identified a central
biorepository laboratory to integrate research activities with
the data-coordinating center (DCC). Biorepository personnel
forwarded urine vacutainers to a clinical lab for standard cul-
ture and communicated specimen receipt information to the
DCC. The DCC tracked recruitment, managed specimen ac-
crual information, and ensured inappropriately collected spec-
imens were excluded from analysis. To protect the integrity of
sequencing results, the DCC was aware of a specimen’s case
or control status, whereas the biorepository personnel
performing genetic analyses were masked.

Enrollment of age-appropriate controls

Given the effect of age on the vaginal microbiome [14], HMS-
ESTEEM aimed to decrease age discrepancies between cases
and controls. Prior to recruitment for HMS-ESTEEM, the age
distribution of women already enrolled in ESTEEM was
reviewed, and age cohorts for controls were determined for
recruitment. Initially, only 63 of the total 84 control slots
(75 %) were allocated to the age-appropriate controls and
opened to enrollment. Toward the end of recruitment, the
age distribution of HMS-ESTEEM participants was assessed,
and the remaining 21 control slots were allocated to the age
cohorts to achieve optimal age matching. Similar numbers of
controls were recruited from each PFDN site.

Urine cultures performed by a single clinical laboratory
Catheterized urine samples were collected for DNA analysis,

as recommended by Wolfe [21]. Urine specimens were sent
for routine culture to a single clinical laboratory, which
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minimized variability in culture results. Results will be used
to estimate the prevalence of bacteriuria in this cohort.
Investigators will also compare results from bacterial profiles
obtained from routine culture to 16S rRNA gene sequencing.
Hilt reported that expanded urine culture techniques (increas-
ing sample volumes, incubation times, culturing under aerobic
and anaerobic conditions) detected similar bacteria compared
with sequencing [16]. Few studies have compared conven-
tional urine culture to sequencing results.

Rationale for sequencing both vaginal and urine specimens

As there is a paucity of literature regarding their interrelation-
ship, this study will compare vaginal and urinary microbiomes.
This planned comparison resulted in an additional challenge of
choosing comparable variable regions for vaginal and urine
PCR amplification and sequencing, as described in “Methods.”

Significance of the HMS-ESTEEM study

Advancing knowledge regarding the pathophysiology of MUI
is important. Affected women commonly have more symp-
toms and may be more refractory to treatment than those with
UUI or SUI alone [3, 22-24]. Whereas the parent trial for
HMS-ESTEEM addresses treatment outcomes for women
with MUI, HMS-ESTEEM addresses MUTI’s potential micro-
biologic underpinnings. Though urine is traditionally consid-
ered sterile, studies using genomic technology have not only
reported the existence of a distinct female urinary microbiome
but also that this urinary microbiome differs in women with
UUI [6-10]. Researchers have previously proposed that UUI
pathophysiology was associated with inflammation and acti-
vation of afferent neural pathways and tissue remodeling [25,
26]. The co-occurrence of inflammatory urinary biomarkers
and alteration in the urinary biome in women with UUI raises
the possibility that these disturbances in the bladder environ-
ment are interrelated and may affect the genesis of UUI.
Work comparing bacterial profiles in women with and
without UUI reported that the UUI microbiome was com-
posed of increased Gardnerella and decreased Lactobacilli,
with cohorts differing in predominance of Lactobacillus spe-
cies [8]. Although these findings are important, the study’s
cases and controls differed in characteristics, including age,
estrogen status, and body mass index, which may have influ-
enced results. We have addressed these issues in HMS-
ESTEEM by carefully characterizing cases and controls.
Little has been published regarding SUI and the female
urinary microbiome. HMS-ESTEEM will investigate whether
SUI symptoms, as measured by UDI stress subscale scores,
are associated with a characteristic microbiome in women in
this study. It will explore the genitourinary microbiome’s re-
lationship with MUI, including both SUI and UUI compo-
nents. Further investigation of bacterial characteristics



Int Urogynecol J (2017) 28:711-720

719

possibly associated with UUI and SUI symptoms and inves-
tigation of characteristics that may be predictive of treatment
success is essential.

Relative to the urinary microbiome, more data exist regarding
the vaginal microbiome, an initial habitat studied by the Human
Microbiome Project [27]. Investigators have found that specific
vaginal communities, particularly those that are Lactobacillus
deficient, are associated with disease (bacterial vaginosis, sexu-
ally transmitted infections, HIV) [13]. Lactobacilli produce hy-
drogen peroxide, which maintains a normal vaginal pH—a
mechanism thought to confer disease resistance [28, 29].
Evidence suggests that in women with vaginal atrophy and re-
current UTIs, vaginal estrogen normalizes pH and decreases
recurrence of these infections, suggesting a relationship between
urinary and vaginal microbiological niches [30].

No studies currently compare a woman’s urinary and vaginal
microbiome [6]. HMS-ESTEEM will lead to a better under-
standing of a previously undescribed genitourinary microbiome,
characterizing the vaginal and urinary microbiomes in women
undergoing treatment for MUI versus controls. It will assess
whether urinary and/or vaginal microbiomes are associated with
symptom severity and treatment success.

This study does have limitations. These include the possi-
bility that yet unrecognized covariates affecting urinary or
vaginal microbiota were unaccounted for. It is also possible
that current gene sequencing techniques reliably characterize
microbiota to the genus level but less reliably to the species
level. If MUI differences in microbiota exist solely at the spe-
cies level, this study may be unable to demonstrate these dif-
ferences. Despite potential limitations, this study has unique
features: its well-characterized cases and controls in the setting
of a multicenter clinical trial, standardization of vaginal and
urine specimen collection and processing, and use of similar
bacterial variable regions to compare urinary and vaginal
microbiomes. Results from HMS-ESTEEM could ultimately
improve understanding of MUI, with important implications
for treatment outcomes in women with MUL

In conclusion, we describe the rationale, methods, and
challenges encountered by HMS-ESTEEM study investiga-
tors. This methods paper serves to disseminate information
regarding challenges in the design of this multicenter genito-
urinary microbiome study.
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