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BACKGROUND: The urogenital microbiome is associated with ur- diversities were associated with age (P<.05) for both responders and
gency and mixed urinary incontinence symptoms and differential treat-

ment responses to pharmacotherapy for urgency urinary incontinence.

OBJECTIVE: This study aimed to describe whether the preoperative

urinary and vaginal microbiomes were associated with surgical treatment

responses at 12 months after a midurethral sling operation in women with

mixed urinary incontinence.

STUDY DESIGN: This cohort study compared the preoperative

microbiome compositions of urine and vaginal samples from a subset of

women undergoing a midurethral sling operation in the Effects of Surgical

Treatment Enhanced With Exercise for Mixed Urinary Incontinence trial

(NCT01959347) and compared the microbiota in women who were sur-

gical responders vs surgical nonresponders. Twelve-month objective

response was defined as a �70% reduction from baseline urinary in-

continence episodes on a 3-day diary. Subjective response was defined as

a change from baseline in the Urogenital Distress Inventory scores. Bac-

terial abundance and beta diversity were assessed using 16S ribosomal

RNA sequencing. The primary differential abundance analysis described

predominant bacterial operational taxonomic units associated with re-

sponders vs nonresponders using unadjusted and age-adjusted linear

models.

RESULTS: Objective nonresponders (n¼28) compared with re-

sponders (n¼72) were older (58.5�10.7 vs 51.6�10.2 years) and

more likely postmenopausal without hormone use (odds ratio, 6.4; 95%

confidence interval, 1.8e22.6). Vaginal and urinary microbiota beta
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nonresponders. Overall, predominant operational taxonomic units

(genera) were Lactobacillus, Gardnerella, Tepidimonas, Escherichia,

Streptococcus, and Prevotella. Operational taxonomic units from base-

line urine samples were not significantly associated (P threshold¼.05)

with surgical treatment responses. A greater abundance of baseline

vaginal Lactobacillus was associated with an objective response (P¼.04)

and Prevotella with an objective nonresponse (P¼.01). Adjusting for

age, only a greater abundance of baseline vaginal Prevotella was

associated with an objective nonresponse (P¼.01). Moreover, less

abundant vaginal operational taxonomic units were associated with

objective and subjective responses and persistent urinary incontinence

symptoms (P<.05).

CONCLUSION: Women meeting a 70% reduction of urinary inconti-

nence treatment episodes (objective responders) had greater vaginal

Lactobacillus at the time of the surgical procedure; however, controlling for

age diminished this association. Women not meeting a 70% reduction of

urinary incontinence episodes 1 year after a midurethral sling operation

had greater vaginal Prevotella at the time of the midurethral sling oper-

ation. Further research is needed to determine whether therapy altering

the vaginal microbiome may impact surgical treatment responses in

women with mixed urinary incontinence.

Key words: midurethral sling procedure, mixed urinary incontinence,
surgical outcomes, urinary microbiome, vaginal microbiome
Introduction
The urogenital microbiome is associated
with lower urinary tract health, although
the relationship is complicated.
Although some investigators have found
that urgency urinary incontinence
(UUI) symptoms are associated with the
urinary microbiome,1e3 a more com-
plex relationship has been found in
women with mixed urinary inconti-
nence (MUI).4 Specifically in women
<51 years of age, urinary microbiome
community types with fewer Lactoba-
cillus (�61% of genera) was associated
with MUI, whereas a higher proportion
of controls had high Lactobacillus com-
munities (89% Lactobacillus).4

Recently, we demonstrated that the
composition of the urinary microbiome
is correlated with the vaginal micro-
biome in women with MUI.5 This
complements previous genome-level
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work showing that vaginal and bladder
microbiota are functionally distinct from
gastrointestinal microbiota but similar
to each other.6 The interrelatedness of
the vaginal and urinary microbiomes
may offer unique opportunities to opti-
mize lower urinary tract health and
surgical outcomes.5e7 For example,
vaginal therapies could have beneficial
downstream effects on the urinary
microenvironment and surgical out-
comes. Alternatively, just as differences
in the urinary microenvironment are
associated with differential treatment
responses to medication for UUI,2 the
vaginal microenvironment at the time of
erican Journal of Obstetrics & Gynecology 1.e1
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Why was this study conducted?
This study aimed to evaluate whether preoperative urinary or vaginal micro-
biomes are associated with surgical treatment responses at 12 months in women
with mixed urinary incontinence (MUI) undergoing a midurethral sling
placement.

Key findings
Older and postmenopausal women without hormone replacement more
commonly were surgical nonresponders. A greater abundance of preoperative
vaginal Lactobacillus was associated with improved objective surgical response
(decreased urinary incontinence episodes); this effect diminished after adjusting
for age. A greater abundance of preoperative vaginal Prevotella was associated
with worsened objective surgical responses even after adjusting for age. Urinary
microbiota were not associated with surgical treatment responses.

What does this add to what is known?
Baseline vaginal microbiome findings were associated with surgical treatment
responses to midurethral slings in women with MUI.

Original Research GYNECOLOGY ajog.org
the midurethral sling operation in
women with MUI could be related to
differential treatment responses. This is
plausible given that surgical outcomes
following pancreatic and colon opera-
tions may be associated with specific gut
microbiome compositions and targeting
of the gut microbiome has been sug-
gested as a means of improving surgical
outcomes.8e10

This was a planned secondary analysis
in a subset of women participating in the
effect of behavioral and pelvic floor
muscle therapy combined with surgery
vs surgery alone on incontinence symp-
toms among women with mixed urinary
incontinence (Effects of Surgical Treat-
ment EnhancedWith Exercise for Mixed
Urinary Incontinence [ESTEEM]) trial
(NCT01959347).11 This study aimed to
describe preoperative urinary and
vaginal bacterial taxa associated with 12-
month responses after a midurethral
sling operation in women with MUI. It
was hypothesized that the relative
abundance of Lactobacillus among pre-
operative urinary or vaginal microbiota
would be associated with surgical treat-
ment responses.

Materials and Methods
Study population
After institutional review board approval
and written informed consent were
1.e2 American Journal of Obstetrics & Gynecology
obtained, catheterized urine and vaginal
bacterial samples were collected from a
subset of women (126 of 480) with MUI
enrolled in the ESTEEM trial at 1 time
point, before surgery. As previously
described, ESTEEM participants were
randomized in a 1:1 ratio to either
midurethral sling operation or mid-
urethral sling operation plus periopera-
tive behavioral and pelvic floor muscle
therapies.12 Baseline and follow-up
lower urinary tract symptoms were ob-
tained using the 19-item Urogenital
Distress Inventory (UDI),13 a validated
questionnaire measuring symptom
severity, and 3-day bladder diary char-
acterizing incontinence episodes. Here, 2
subjective measures and 1 objective
measure of response were evaluated. The
binary subjective response was defined
as a reduction in the UDI score from
baseline to 12 months meeting the
minimal clinically important difference
(MCID) threshold (�26.1 points).12 The
second subjective measure was a change
from baseline in the UDI score (D UDI)
at 12 months. For participants who un-
derwent additional urinary incontinence
(UI) treatment before 12months,DUDI
was determined using the participant’s
UDI score from the last questionnaire
completed before the initiation of addi-
tional treatments. Binary objective
response to treatment was defined as a
MONTH 2021
�70% reduction from baseline in UI
episodes (UIEs) on the 3-day diary at 12
months and no additional treatment, as
previously described.14

Sample processing
Sample processing has previously been
described.4,15 Briefly, after DNA extrac-
tion, the 16S rRNA variable regions
(V4eV6) were amplified using poly-
merase chain reaction primers 515F and
1114R and sequenced with 300 bp
paired-reads on the Illumina MiSeq
(Illumina, Inc, San Diego, CA). Sample
duplicates in 10% of the samples were
performed, and negative controls were
included for quality control. Operational
taxonomic unit (OTU) counts were
generated using the Illumina BaseSpace
16S Metagenomics App (version 1.01)
for sequencing data from urine and
vaginal samples. The pipeline classified
OTUs to the genus level using the Ri-
bosomal Database Project Classifier16

and a curated version of the Green-
genes database.

Statistical analyses
Clinical and demographic differences
between surgical responders and non-
responders were assessed using unad-
justed general linear and logistic models
and Wilcoxon rank-sum tests imple-
mented in Statistical Analysis System
software (version 9.4; SAS Institute Inc,
Cary, NC). OTU count data were
normalized using total sum scaling to
calculate relative abundances. To eval-
uate beta diversity differences associated
with clinical and demographic charac-
teristics and surgical treatment re-
sponses, Bray-Curtis dissimilarity
metrics were calculated for urinary and
vaginal sequencing data and analyzed
using permutational multivariate anal-
ysis of variance (ANOVA).17,18 These
analyses were implemented in R (version
3.6.0, R Foundation for Statistical
Computing, Vienna, Austria) using the
vegdist and adonis functions in the vegan
package (version 2.5-6).19 Beta diversity
was examined for each clinical and de-
mographic variable independently.
Multivariate models were used to iden-
tify covariates to be included in subse-
quent differential abundance analyses.

http://www.AJOG.org
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The primary differential abundance
analysis focused on characterizing the
most prevalent genera, defined as being
the predominant OTU in urine or
vaginal samples. For this analysis, only
the OTUs present in 3 or more subjects
were considered. The differential abun-
dance of the predominant genera (n¼6)
was compared between treatment re-
sponders and nonresponders, using the
normalized and arcsine square-roote
transformed OTU data with unadjusted
and adjusted generalized linear models
(GLMs) implemented with MaAsLin20

with a significance threshold of P<.05.
The GLM implemented in MaAsLin was
also used to evaluate the relationship
between differential OTUs and partici-
pant characteristics selected as model
covariates.

Moreover, the differential abundance
analysis was expanded to include an
analysis of less abundantOTUs, defined as
the presence in at least 10%of the samples
and a minimum abundance (normalized
OTU count) of 0.0001. False discovery
rate (FDR) adjustment was used as a
multiple testing correction using the
Benjamini-Hochberg procedure.21 For
discovery purposes, an FDR-corrected P
value threshold of .10 was applied. Dif-
ferential OTUs were annotated using
Medical Subject Headings (https://www.
nlm.nih.gov/mesh/meshhome.html, an-
notated files created 7-20).

An exploratory analysis was per-
formed to characterize whether the re-
lationships between genera and surgical
treatment responses were more closely
associated with the stress or urgency
components of UI. The relative abun-
dance of 4 OTUs of interest were
compared among women who had
persistent stress urinary incontinence
(SUI), UUI, MUI, or none (defined as
reporting only SUI, only UUI, both, or
neither in the 12-month diary) using
unadjusted and adjusted ANOVA and
the Tukey Honest Significant Difference
tests. All analyses and plots were per-
formed in R (version 3.6.0) unless
otherwise noted.

Results
Of 126 women with MUI who contrib-
uted urine and vaginal samples, 100
provided objective treatment response
data, and 104 provided subjective
response data at 12 months. Nearly all
participants (93%) met the MCID
criteria for the reduction from baseline
UDI score at 12 months. Therefore,
because of the small number of non-
responders, this binary subjective
outcome was not analyzed further, and
the change in UDI (D UDI) score was
assessed as the subjective outcome.
Compared with responders (n¼72),

objective nonresponders (n¼28) were
older and more likely to be post-
menopausal not on hormones. Other
clinical and demographic variables are
noted in Table 1. Mean UIEs at 12
months were higher in nonresponders
by 2.9 incontinence episodes per day
(95% confidence interval [CI], 2.0e3.8).
Responders had a greater reduction in
leaks from baseline with a mean differ-
ence of 2.2 incontinence episodes per day
(95%CI, 0.8e3.6). Objective responders
had greater improvements in UDI score
at 12 months overall and by UI subtype
(Table 2).
Significant differences in microbiome

composition (beta diversity) were found
in vaginal specimens concerning objec-
tive response, along with age and
menopausal status (all P<.05). Signifi-
cant differences in microbiome compo-
sition were found in urine specimens
concerning age (P¼.001) (Table 3).
When age, menopausal status, and hor-
monal status were analyzed together,
only age remained significant (P<.05).
Therefore, only age was included in the
adjusted models.
Six predominant OTUs, defined as the

most abundant OTU in 3 or more sam-
ples, were identified, 4 of which were
predominant in both urine and the va-
gina (Lactobacillus, Prevotella, Gardner-
ella, and Streptococcus) and 2 were
predominant in urine only (Escherichia
and Tepidimonas). There was no signifi-
cant (all P-values >.05) association of
urinary OTUs with objective and sub-
jective (D UDI) surgical treatment re-
sponses (data not shown).
In the unadjustedmodels, both vaginal

Lactobacillus and Prevotella were associ-
ated with objective treatment responses.
After controlling for age, Prevotella
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remained the only predominant vaginal
OTU associated with objective treatment
responses, and no genus was associated
with subjective responses (Table 4,
Figure 1). A lower abundance of Lacto-
bacilluswas associated with older age, and
Lactobacillus was inversely associated
with Prevotella (Figure 2).

Differences in microbiome composi-
tion beyond the most predominant
OTUs were investigated, hypothesizing
that less abundant genera may also in-
fluence response to the treatment. None
of the 274 less abundant OTUs present in
urine were associated with surgical
treatment responses (data not shown).
However, 16 of the 133 less abundant
vaginal OTUs were significantly associ-
ated with objective responses (FDR-
corrected P<.10). Notably, 4 were
significantly (FDR-corrected P<.10)
associated with subjective treatment re-
sponses, and 2 (Campylobacter and
Facklamia) were associated with both
outcomes (Supplemental Tables 1 and
2). These less abundant OTUs were all
inversely correlated with Lactobacillus
(Figure 3) and were all increased in
women with worse responses to treat-
ment (eg, objective nonresponders).

The relationship between vaginal
OTUs and incontinence resolution or
persistence at 12 months based on in-
continence subtypes (SUI, UUI, MUI),
irrespective of responder status, was also
explored. Because of small numbers,
subjects with SUI-only persistence
(n¼3) were not included in the analysis.
ANOVAs were performed comparing
selected vaginal OTUs in those subjects
with neither SUI nor UUI episodes
(n¼57) and those withMUI (n¼11) and
UUI only (n¼26) at 12 months. No as-
sociation between incontinence subtype
persistence and vaginal Lactobacillus or
Prevotella was seen (Supplemental
Figure, Supplemental Table 3). Less
abundant vaginal OTUs associated with
both objective and subjective responses,
Campylobacter and Facklamia, were
more abundant in the persistent MUI
andUUI-only groups compared with the
group without SUI or UUI
(Supplemental Table 3). However, these
OTUs did not distinguish persistent
MUI from UUI alone.
erican Journal of Obstetrics & Gynecology 1.e3
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TABLE 1
Baseline characteristics of HMS-ESTEEM participants with 12-month objective response data

Variable Category Total (N¼100)

Objective
nonresponders
(n¼28)

Objective
responders (n¼72)

Unadjusted mean
or median difference or
odds ratio (95% CI)

Age (y) 53.5 (10.8) 58.5 (10.7) 51.6 (10.2) 6.9 (2.2e11.6)

Body mass index 32.3 (7.2) 34.2 (7.2) 31.6 (7.1) 2.6 (�0.6 to 5.8)

Race White 71 (71.0) 16 (57.1) 55 (76.4) Ref

>1 race 1 (1.0) 1 (3.6) 0 (0.0) —a

Asian 2 (2.0) 1 (3.6) 1 (1.4) 3.4 (0.2e60.3)

Black or African American 12 (12.0) 5 (17.9) 7 (9.7) 2.5 (0.7e8.9)

American Indian or Alaskan Native 1 (1.0) 0 (0.0) 1 (1.4) —a

Other 13 (13.0) 5 (17.9) 8 (11.1) 2.1 (0.6e7.6)

Ethnicity Not Hispanic or not Latina 72 (72.0) 18 (64.3) 54 (75.0) Ref

Hispanic or Latina 26 (26.0) 10 (35.7) 16 (22.2) 1.9 (0.7e4.9)

Unknown or not Reported 2 (2.0) 0 (0.0) 2 (2.8) —a

Smoking status Never smoked 58 (58.0) 16 (57.1) 42 (58.3) Ref

Quit smoking �6 mo ago 29 (29.0) 9 (32.1) 20 (27.8) 1.2 (0.4e3.2)

Quit smoking <6 mo ago 2 (2.0) 0 (0.0) 2 (2.8) —a

Currently smoking 11 (11.0) 3 (10.7) 8 (11.1) 1.0 (0.2e4.3)

Current UTI symptoms 2 (2.0) 0 (0.0) 2 (2.8) —a

Vaginal deliveries, median (minemax) 2 (0e8) 2 (0e6) 2 (0e8) 0 (�1 to 1)

Menopause and hormone status Premenopausal 31 (31.0) 4 (14.3) 27 (37.5) Ref

Postmenopausal with hormones 19 (19.0) 4 (14.3) 15 (20.8) 1.8 (0.4e8.4)

Postmenopausal without hormones 33 (33.0) 16 (57.1) 17 (23.6) 6.4 (1.8e22.6)

Not sure 17 (17.0) 4 (14.3) 13 (18.1) 2.1 (0.4e9.8)

Data are presented as mean (standard deviation) or number (percentage), unless otherwise indicated.

CI, confidence interval; ESTEEM, Effects of Surgical Treatment Enhanced With Exercise for Mixed Urinary Incontinence; HMS, Human Microbiome Study; max, maximum; min, minimum; Ref, reference; UTI, urinary tract infection.

a Could not be calculated because of small sample size.

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.
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TABLE 2
Outcomes of HMS-ESTEEM participants with 12-month objective response data

Variable Total (N¼100)
Objective
nonresponders (n¼28)

Objective
responders (n¼72)

Unadjusted mean
difference (95% CI)

Daily UIEs from a 3-d diary

Total UIEs

Baseline 5.2 (3.0) 5.7 (3.2) 5.0 (2.9) 0.7 (�0.7e2.1)

12 mo 1.0 (1.8) 3.1 (2.3) 0.2 (0.4) 2.9 (2.0e3.8)

Change from baseline to 12 mo �4.2 (3.0) �2.6 (3.2) �4.8 (2.8) 2.2 (0.8e3.6)

Stress UIEs

Baseline 2.3 (1.7) 2.1 (1.7) 2.4 (1.6) �0.3 (�1.1 to 0.5)

12 mo 0.2 (0.7) 0.7 (1.2) 0.0 (0.1) 0.7 (0.2e1.1)

Change from baseline to 12 mo �2.1 (1.8) �1.3 (2.0) �2.4 (1.6) 1.0 (0.2e1.9)

Urge UIEs

Baseline 2.4 (2.4) 3.1 (2.7) 2.2 (2.3) 0.9 (�0.3 to 2.0)

12 mo 0.6 (1.4) 1.9 (2.0) 0.1 (0.4) 1.8 (1.0e2.6)

Change from baseline to 12 mo �1.8 (2.3) �1.1 (2.4) �2.1 (2.3) 0.9 (�0.1 to 2.0)

Urogenital Distress Inventory

Total score

Baseline 179.2 (42.4) 181.3 (39.3) 178.4 (43.7) 2.9 (�15.5 to 21.2)

12 mo 46.3 (60.2) 118.0 (60.3) 19.5 (31.5) 98.5 (73.7e123.3)

Change from baseline to 12 mo �132.9 (69.0) �63.3 (55.3) �159.0 (54.0) 95.6 (70.7e120.6)

Stress subscore

Baseline 86.0 (17.4) 83.3 (18.5) 87.0 (17.1) �3.7 (�11.9 to 4.5)

12 mo 19.5 (28.5) 48.8 (31.7) 8.6 (17.5) 40.2 (27.1e53.3)

Change from baseline to 12 mo �66.5 (33.5) �34.6 (33.6) �78.5 (24.5) 43.9 (29.5e58.3)

Irritative subscore

Baseline 66.9 (18.6) 72.0 (19.0) 65.0 (18.2) 7.0 (�1.6 to 15.5)

12 mo 20.0 (27.2) 53.3 (27.0) 7.6 (13.2) 45.7 (34.7e56.8)

Change from baseline to 12 mo �46.9 (28.1) �18.7 (24.7) �57.5 (21.3) 38.8 (27.9e49.6)

Data are presented as mean (standard deviation), unless otherwise indicated.

CI, confidence interval; ESTEEM, Effects of Surgical Treatment Enhanced With Exercise for Mixed Urinary Incontinence; HMS, Human Microbiome Study; UIE, urinary incontinence episode.

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.
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Comment
Principal findings
This planned secondary analysis of the
ESTEEM trial characterized the uro-
genital microbiome of women under-
going a midurethral sling operation for
MUI. A greater abundance of vaginal
Prevotella, more commonly found in
nonresponders, was associated with a
lack of objective treatment response,
even after adjusting for age. Less abun-
dant vaginal OTUs were also associated
with objective and subjective treatment
responses. The urinary microbiome was
not associated with surgical treatment
responses.

Results
This study found that 2 predominant
OTUs in the vagina, Lactobacillus and
Prevotella, were associated with objec-
tive treatment responses. Lactobacillus
was associated with women attaining a
�70% improvement in UIEs, although
this association did not remain after
adjusting for age. A greater abundance
MONTH 2021 Am
of vaginal Prevotella was associated
with women failing to meet this
threshold of UIE improvement, and
this relationship remained significant
(P<.05) after adjusting for age. Inter-
estingly, although a relationship existed
between predominant vaginal OTUs
and surgical treatment responses, a
relationship between the urinary
microbiome and responder status was
not noted. Exploratory analyses also
revealed a relationship between less
abundant vaginal OTUs concerning
erican Journal of Obstetrics & Gynecology 1.e5
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TABLE 3
Microbiome beta diversity analysis results (global association)

Variable

Urine Vagina

R2 P value R2 P value

Age 0.04 .001a 0.06 .001a

Body mass index 0.01 .15 0.01 .30

Race 0.01 .83 0.01 .67

Ethnicity 0.01 .80 0.01 .64

Current smoking 0.01 .10 0.01 .23

Current UTI symptoms 0.004 .96 0.01 .73

Ever pregnant 0.01 .46 0.01 .60

Menopause and hormone status 0.03 .08 0.05 .01a

Oral or patch hormone use 0.01 .72 0.01 .14

Vaginal cream or tablet hormone use 0.01 .76 0.01 .46

Any hormone use 0.01 .47 0.01 .19

D UDI at 12 mo 0.02 .09 0.02 .07

Objective response 0.01 .39 0.02 .03a

Beta diversity analyses were conducted using the permutational multivariate analysis of variance implemented in adonis with a significance threshold of P<.05. Results shown are from unadjusted
analyses of 1 demographic or clinical variable at a time.

UDI, Urogenital Distress Inventory; UTI, urinary tract infection.

a Results met the significance threshold of P<.05.

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.
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objective and subjective outcomes and
persistent and recurrent UI symptoms
at 12 months.

Clinical implications
Taken together, the study findings sug-
gested a framework in which the vaginal
microbiome may modulate surgical
TABLE 4
Associations of predominant OTUs in t

Vagina
Predominant in
n (%) of samples

Ob
res

P v
un

Lactobacillus 78 (63) .04

Prevotella 11 (10) .01

Gardnerella 12 (11) .97

Streptococcus 6 (5) .97

For each sample, the predominant OTU was defined as the OTU w
values were calculated using unadjusted and age-adjusted gene
outcome. Tepidimonas was filtered from the vaginal OTU analy
[normalized OTU count] of 0.0001).

OTU, operational taxonomic unit.

a Results met the significance threshold of P<.05.

Richter et al. Urogenital microbiome and surgical treatment
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treatment responses following a mid-
urethral sling operation.
Considerable evidence exists sur-

rounding the protective nature of
Lactobacillus in the stabilization of the
vaginal environment. There is a greater
abundance of Lactobacillus in well-
estrogenized premenopausal women
he vagina with objective and subjective r

jective response (27 nonresponders/70
ponders) S

alue of an
adjusted model

P value of an
age-adjusted model

P
u

a .25 .2

a .01a .9

.65 .2

.26 .3

ith the highest relative abundance. This analysis included OTUs that we
ralized linear models implemented with MaAsLin, testing for the ass
sis because it did not meet relative abundance thresholds (present i

response. Am J Obstet Gynecol 2021.
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than in atrophic postmenopausal
women. Lactobacillus plays a role in
many lower urinary tract disorders,
including urinary tract infections
(UTIs), and in the protection from
certain vaginal infections.22,23 Prevotella,
a gram-negative anaerobe, is a common
vaginal commensal bacteria, but its
esponses at 12 months

ubjective response (n¼101)

value of an
nadjusted model

P value of an
age-adjusted model

2 .69

1 .99

2 .41

2 .92

re predominant in�3 samples in either the urine or vagina. P
ociation of normalized and transformed OTU data and each
n at least 10% of the samples with a minimum abundance
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FIGURE 1
Associations of Lactobacillus and Prevotella with objective response at 12
months

P values were calculated using an age-adjusted generalized linear model testing for the association
of normalized and transformed Lactobacillus and Prevotella counts and objective response (n¼97).

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.

FIGURE 2
Association of vaginal Lactobacillus with age and vaginal Prevotella

P values were calculated using a generalized linear model testing for the association of normalized
and transformed vaginal Lactobacillus operational taxonomic unit counts with age and with vaginal
Prevotella.

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.
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association with bacterial vaginosis
(especially Prevotella bivia) suggests a
role in vaginal dysbiosis.24 It is plausible
that an increase in pathogenic bacteria
(either predominant or less abundant
genera) in women with MUI could
create a more inflammatory milieu,
modulating the response to surgical
intervention for women with MUI
similar to its impact on other genito-
urinary conditions, such as UTIs. A po-
tential conceptual model is that, as age
increases, the associated decrease in
Lactobacillus (especially in the absence of
estrogen replacement) results in dys-
biosis associated with suboptimal
response to surgical treatment. However,
it is important to note that in this anal-
ysis, one cannot attribute treatment re-
sponses to a single genus or increased
pathogenic genera as a whole. Further
research is necessary to show whether
modulation of the vaginal microbiome,
either by probiotics or vaginal estrogen
therapy, would be associated with
improved surgical outcomes.25

Because the vaginal and urinary
microbiota are related as previously
demonstrated, one might presume that
dysbiosis in the vaginawould be reflected
in the urinary microenvironment.4e6

Differences were identified in the
vaginal microbiome that were associated
with surgical treatment responses, but
associations were not identified in the
urinary microbiome. The lack of a rela-
tionship between the urinary micro-
biome and responder status in the
current study may be because of the
relatively small numbers of non-
responders or the fact that the bacterial
community in the urine is somewhat
isolated from the connective tissue
environment of the midurethral sling.

Moreover, it is possible that technical
factors in urinary microbiome assess-
ment in this study limited the sensitivity
of our analysis to find associations be-
tween urinary microbiota and surgical
treatment response. Compared with the
vaginal environment, which is consid-
ered to be a “high biomass” environ-
ment, the urinary bladder is “low
biomass” with fewer bacteria overall.
With fewer bacteria, and the known
variability among individual samples, it
may be harder to discern statistical dif-
ferences among groups when using low
biomass samples.26 Alternatively, it may
be that our findings hold true and
vaginal microbiota are associated with
MONTH 2021 Am
outcomes after midurethral sling,
whereas urinary microbiota are not;
however, these urinary results are a sur-
rogate for a different interaction. It is
possible that higher Prevotella exists in
erican Journal of Obstetrics & Gynecology 1.e7
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FIGURE 3
Correlation matrix of genera associated with response to treatment and age

The correlation matrix shows the relationship of the most significant genera associated with objective
nonresponse and change in UDI in the vagina, including predominant (Lactobacillus and Prevotella)
(Table 4) and less abundant (Supplemental Tables 1 and 2) OTUs. Moreover, the correlation matrix
shows the negative correlation between Lactobacillus and other genera, the interrelatedness of the
individual OTUs, and their correlation with age and response to treatment.
OTU, operational taxonomic unit; UDI, Urogenital Distress Inventory.
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the vagina in the setting of decreased
Lactobacillus; in the bladder, a different
anaerobic genus may increase when
Lactobacillus is decreased. In both cases,
there is a shift to a more anaerobic
environment but with different genera
predominant in the vagina and bladder.
Larger studies using both expanded
culture and genomic techniques may be
required to sort out the differential
relationship of urinary and vaginal
microbiota concerning surgical
responder status.

In exploratory, hypothesis-generating
analyses, it was noted that several of
the less abundant OTUs were related to
objective treatment response (eg, Sphin-
gomonas, Campylobacter, Varibaculum,
1.e8 American Journal of Obstetrics & Gynecology
Arcobacter, and others). Interestingly, 2
OTUs, Campylobacter and Facklamia,
were increased in both objective and
subjective nonresponders. Campylo-
bacter is a gram-negative spiral zoonotic
bacterium and a major cause of human
gastroenteritis worldwide. It has also
been found to cause infections in the
reproductive and lower urinary tracts
and is associated with pulmonary and
brain infections.27 Facklamia are gram-
positive facultative anaerobic cocci
that have been isolated from the vagina,
urine, and cerebrospinal fluid. Although
the genus may be a part of the
normal flora in the female genital tract,
it has been associated with the develop-
ment of chorioamnionitis.28,29 Prevotella,
MONTH 2021
Campylobacter, and Facklamia have all
been found in the urinary microbiome
associated with bladder cancer.30 As less
abundant OTUs can suffer from
sequencing biases in compositional data,
these data should be interpreted with
some caution despite using standard
data normalization and transformation
techniques.

Surgical treatment response decreased
with age, as did Lactobacillus abundance.
Whether Lactobacillus is a determinant
or marker of improved surgical treat-
ment response cannot be ascertained in
this study because of its close association
with age and because of the nature of the
study that included only baseline OTU
information. Similarly, it cannot be
stated that Prevotella, or Campylobacter
and Facklamia among the less abundant
genera, are determinants of treatment
nonresponse, only that they are noted to
be associated with surgical treatment
responses.

Research implications
There are abundant opportunities for
continued evaluation of surgical out-
comes associated with the genitourinary
microbiome. Future work will be
required to explore whether increasing
Lactobacillus abundance with vaginal
supplementation or manipulation will
improve surgical outcomes and whether
this would affect the abundance of
OTUs associated with poor surgical
outcomes. In addition, with advance-
ments in microbiome research, future
studies will likely include repeated an-
alyses, newer databases, and newer
bioinformatic approaches, which could
yield further insight into these publicly
available files.

Strengths and limitations
The study strengths included the use of
well-established standardized genetic
assessment methodology to a novel
population looking at clinically impor-
tant outcomes. This study population
was well characterized with validated
questionnaires to define subjective
responder status and with bladder di-
aries to characterize objective responder
status. A standardized protocol was uti-
lized across sites for the collection of
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samples and processing performed at 1
core laboratory, reducing technical arti-
facts. Study weaknesses included its
relatively smaller subset of women
recruited from its larger main trial as all
participants were asked to participate
until the sample size of this study was
achieved.4,5 However, we maximized our
ability to find associations by looking at
subjective responses to treatment as a
continuous trait for both the urine and
vaginal samples. The study was limited
by the utilization of the retired Green-
genes database; however, this analysis
was a standard approach at trial design
and was applied to all samples, limiting
bias in the comparison of surgical re-
sponders and nonresponders. In addi-
tion, analyses of rare OTUs can be biased
because of differences in sampling, so
caution should be used when interpret-
ing the association of specific, less
abundant OTUs and these results should
be considered exploratory. Finally, the
definition of the objective outcome
precludes a definitive conclusion
regarding which component of MUI is
responsible for nonresponder status.
The attributes of the study population
are of value to the research community
with sequencing files that are now pub-
licly available at https://www.ncbi.nim.
nih.gov/bioproject/PRJNA703967/.

Conclusions
The genera Lactobacillus and Prevotella
were associated with objective treatment
responses, and after controlling for age, 1
predominant OTU (Prevotella) and
other less abundant OTUs were associ-
ated with surgical treatment non-
responses in women undergoing a
midurethral sling operation for MUI.
Further research is needed to corrobo-
rate the current findings and to further
explore potential clinical applications in
the setting of a surgical procedure for
pelvic floor disorders.

Take-Home Message
InwomenwithMUI, urinary microbiota
were not associated with outcomes after
a midurethral sling operation. However,
vaginal microbiota at the time of the
surgery were associated with subjective
and objective treatment responses 1 year
later. Those with greater vaginal Pre-
votella, which was correlated with
decreased Lactobacillus, had less reduc-
tion of incontinence. Research is needed
to determine whether altering the
vaginal microbiome affects surgical
outcomes. n
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SUPPLEMENTAL FIGURE
Associations of vaginal OTUs with persistent mixed or urgency incontinence on 3-day diary at 12 months

The plot shows normalized and transformed OTU data by UI subtype, comparing persistent MUI and UUI to resolved UI. Subytpes were defined using 3-day
diary data on UI episodes at 12 months. P values are from age-adjusted analysis of variance (Supplemental Table 3).
MUI, mixed urinary incontinence; OTU, operational taxonomic unit; UI, urinary incontinence; UUI, urgency urinary incontinence.
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SUPPLEMENTAL TABLE 1
Associations of vaginal OTUs with objective responses (27 nonresponders/70 responders)

OTU
P value (FDR-corrected)
unadjusted model

P value (FDR-corrected)
age-adjusted model MeSH scope note

Sphingomonasa .0003 .006 A genus of gram-negative, aerobic, rod-shaped
bacteria characterized by an outer membrane that
contains glycosphingolipids but lacks
lipopolysaccharide. They have the ability to degrade a
broad range of substituted aromatic compounds.

Campylobactera .0003 .007 A genus of bacteria found in the reproductive organs,
intestinal tract, and oral cavity of animals and humans.
Some species are pathogenic.

Varibaculuma .0003 .009 —

Arcobactera .0005 .009 A genus of gram-negative, aerotolerant, spiral-shaped
bacteria isolated from water and associated with
diarrhea in humans and animals.

Luteococcusa .0004 .009 —

Litoricolaa .008 .02 —

Actinobaculuma .001 .03 —

Peptoniphilusa .007 .05 —

Halanaerobiuma .01 .05 —

Anaerococcusa .008 .05 —

Helcococcusa .008 .05 —

Arcanobacteriuma .008 .05 A genus of facultatively anaerobic, gram-positive
bacteria in the family Actinomycetaceae, order
Actinomycetales. They are obligate parasites of the
pharynx in humans and farm animals.

Facklamiaa .008 .08 —

Dietziaa .02 .08 —

Euzebyaa .09 .08 —

Brevibacteriuma .01 .09 A gram-positive organism found in dairy products,
fresh and salt waters, marine organisms, insects, and
decaying organic matter.

Macrococcus .26 .11 —

Corynebacterium .02 .12 A genus of the asporogenous bacteria that is widely
distributed in nature. Its organisms appear as straight
to slightly curved rods and are known to be human and
animal parasites and pathogens.

Desulfovibrio .06 .12 A genus of gram-negative, anaerobic, rod-shaped
bacteria capable of reducing sulfur compounds to
hydrogen sulfide. Organisms are isolated from
anaerobic mud of fresh and salt water, animal
intestines, manure, and feces.

Trichococcus .06 .12 —

Negativicoccus .09 .12 —
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SUPPLEMENTAL TABLE 1
Associations of vaginal OTUs with objective responses (27 nonresponders/70 responders) (continued)

OTU
P value (FDR-corrected)
unadjusted model

P value (FDR-corrected)
age-adjusted model MeSH scope note

Porphyromonas .04 .14 A genus of gram-negative, anaerobic,
nonsporeforming, nonmotile rods or coccobacilli.
Organisms in this genus had originally been classified
as members of the Bacteroides genus but
overwhelming biochemical and chemical findings
indicated the need to separate them from other
Bacteroides species, and hence, this new genus was
created.

Enterococcus .03 .16 A genus of gram-positive, coccoid bacteria consisting
of organisms causing variable hemolysis that are
normal flora of the intestinal tract. Previously thought
to be a member of the genus Streptococcus, it is now
recognized as a separate genus.

Actinopolymorpha .05 .22 —

Brachybacterium .13 .24 —

Saccharopolyspora .15 .25 A genus of gram-positive bacteria whose spores are
round to oval and covered by a sheath.

FDR-corrected P values were calculated using unadjusted and age-adjusted generalized linear models implemented with MaAsLin, testing for the association of normalized and transformed vaginal
OTU data and objective response. Results shown include any OTU with a corrected P value of<.25 in the age-adjusted model. MeSH scope notes in blanks indicate no known information for these
genera.

FDR, false discovery rate; MeSH, Medical Subject Headings; OTU, operational taxonomic unit.

a OTUs with an FDR-corrected P<.10. All significant OTUs had increased relative abundances in nonresponders compared with responders.
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SUPPLEMENTAL TABLE 2
Associations of vaginal OTUs with subjective responses (D UDI)

Vaginal OTU
P value (FDR-corrected)
unadjusted model

P value (FDR-corrected)
age-adjusted model MeSH scope note

Campylobactera .03 .06 A genus of bacteria found in the reproductive organs,
intestinal tract, and oral cavity of animals and humans.
Some species are pathogenic.

Facklamiaa .03 .08 —

Enterobactera .04 .08 Gram-negative gas-producing rods found in feces of
humans and other animals, sewage, soil, water, and
dairy products.

Trichococcusa .06 .08 —

Arcobacter .04 .10 —

Enterococcus .04 .10 A genus of gram-positive, coccoid bacteria consisting
of organisms causing variable hemolysis that are
normal flora of the intestinal tract. Previously thought
to be a member of the genus Streptococcus, it is now
recognized as a separate genus.

Tolumonas .06 .10 —

Varibaculum .04 .10 —

Sphingomonas .06 .10 A genus of gram-negative, aerobic, rod-shaped
bacteria characterized by an outer membrane that
contains glycosphingolipids but lacks
lipopolysaccharide. They have the ability to degrade a
broad range of substituted aromatic compounds.

Litoricola .10 .11 —

Peptostreptococcus .10 .11 A genus of gram-positive, anaerobic, coccoid bacteria
that is part of the normal flora of humans. Its organisms
are opportunistic pathogens causing bacteremias and
soft tissue infections.

Nesterenkonia .10 .14 —

Veillonella .24 .17 A genus of gram-negative, anaerobic cocci parasitic in
the mouth and intestinal and respiratory tracts of
humans and other animals.

Saccharopolyspora .12 .17 A genus of gram-positive bacteria whose spores are
round to oval and covered by a sheath.

Brevibacterium .06 .20 A gram-positive organism found in dairy products,
fresh and salt waters, marine organisms, insects, and
decaying organic matter.

Luteococcus .06 .21 —

Propionispora .14 .24 —

FDR-corrected P values were calculated using unadjusted and age-adjusted generalized linear models implemented with MaAsLin, testing for the association of normalized and transformed vaginal
OTU data and D UDI. Results shown include any OTU with a corrected P value of <.25 in the age-adjusted model. MeSH scope notes in blanks indicate no known information for these genera.

FDR, false discovery rate; MeSH, Medical Subject Headings; OTU, operational taxonomic unit; UDI, Urogenital Distress Inventory.

a OTUs with an FDR-corrected P<.10. All significant OTUs had increased abundances with a higher D UDI (lesser reduction in UDI indicating worse response).
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SUPPLEMENTAL TABLE 3
Association with vaginal OTUs and UI subtypes

Vaginal OTU
P value of the
unadjusted model

P value of the
age-adjusted model UI subtypes Tukey HSD P value

Lactobacillus .18 .15

MUI vs none .17

UUI vs none 1.00

MUI vs UUI .23

Prevotella .09 .09

MUI vs none .20

UUI vs none .19

MUI vs UUI .90

Campylobacter 1.54E-05a 1.30E-05a

MUI vs none 6.67E-05a

UUI vs none .005a

MUI vs UUI .12

Facklamia .0004a .0003a

MUI vs none .001a

UUI vs none .03a

MUI vs UUI 0.22

Results shown are from unadjusted and age-adjusted analyses of variance comparing UI subtypes with normalized and transformed vaginal OTU data. The Tukey HSD results are for pairwise
comparisons of subtype means. MUI, UUI, and none categories were defined as reporting both stress and urgency UI episodes, only urgency UI episodes, or no UI episodes, respectively, on 3-day
diaries at 12 months.

HSD, honest significant difference; MUI, mixed urinary incontinence; OTU, operational taxonomic unit; UI, urinary incontinence; UUI, urgency urinary incontinence.

a Results that met the significance threshold of P<.05.

Richter et al. Urogenital microbiome and surgical treatment response. Am J Obstet Gynecol 2021.

ajog.org GYNECOLOGY Original Research

MONTH 2021 American Journal of Obstetrics & Gynecology 1.e15

http://www.AJOG.org

	Association between the urogenital microbiome and surgical treatment response in women undergoing midurethral sling operati ...
	Introduction
	Materials and Methods
	Study population
	Sample processing
	Statistical analyses

	Results
	Comment
	Principal findings
	Results
	Clinical implications
	Research implications
	Strengths and limitations
	Conclusions

	Take-Home Message
	Acknowledgments
	References


