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AUGS SPECIAL ISSUE SUBMISSION
A Cross-sectional Pilot Cohort Study Comparing Standard
Urine Collection to the Peezy Midstream Device for

Research Studies Involving Women

Elizabeth Southworth, BS,* Baylie Hochstedler, BS,† Travis K. Price, MS,† Cara Joyce, PhD,‡

Alan J. Wolfe, PhD,† and Elizabeth R. Mueller, MD, MSME*§
Objectives: The expanded quantitative urine culture protocolwas used to
compare the microbial abundance and diversity of voided urines obtained
using a standard urine collection or using the Peezy midstream device ver-
sus paired periurethral specimens.
Methods: Sixty-two female participants were assigned to 1 of 3 cohorts.
One cohort used a standard clean catch midstream urine protocol that in-
cluded a castile soap wipe, the second cohort used a Peezy midstream col-
lection device with castile soap wipe and the third used the Peezy device
without a castile soap wipe. Each participant watched a video that detailed
the collection method. Before using the castile soap wipe, a periurethral
swab was obtained to measure periurethral microbial abundance. Demo-
graphics and pelvic floor symptoms were assessed by validated question-
naires. Microbes were detected using expanded quantitative urine culture.
Diversity within each sample was analyzed using alpha diversity measures.
Results: Paired periurethral and urine samples for each woman were an-
alyzed and compared for species abundance, richness, and diversity. Bacte-
rial profiles of Peezy-collected urines differed significantly by multiple
diversity indices and had significantly reduced colony-forming units com-
pared to paired periurethral swabs. In contrast, within the standard clean
catch cohort, voided urine had higher abundance and richness than paired
periurethral swabs.
Conclusions: Comparedwith standard clean catchmethod, the Peezy urine
collection device with and without the castile soap wipe resulted in urine with
From the *Departments of Obstetrics/Gynecology and Urology, Loyola Univer-
sity Chicago, Loyola University Medical Center; †Department of Microbiology
and Immunology, ‡Department of Public Health Sciences, and §Departments of
Obstetrics/Gynecology and Urology, Loyola University Chicago Stritch School
of Medicine Maywood, IL.
Correspondence: Elizabeth R Mueller, MD, MSME, Loyola University

Chicago, 2160 S. First Ave, Maywood, IL 60153. E‐mail:
emuelle@lumc.edu.

E.R.M. discloses research support from Astellas, Advisory board position with
Boston Scientific and legal consultation with Butler-Snow/Ethicon. A.J.W.
discloses research support from Astellas and Kimberly Clark. The
remaining authors (E.S. and B.H.) have declared they have no conflicts of
interest.

E.S. participated in the protocol/project development, data collection/analysis,
article writing/editing. B.H. participated in the protocol/project
development, data collection/analysis, article writing/editing. T.K.P.
participated in the study design, protocol/project development, article
editing. C.J. participated in the study design, data analysis, article writing/
editing. A.J.W. participated in the protocol/project development, data
analysis, article writing/editing. E.R.M. participated in the protocol/project
development, data collection, article writing/editing.

This study was supported by a grant to AJW from the NIH (R01 DK104718).
Supplemental digital contents are available for this article. Direct URL citations

appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.fpmrs.net).

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/SPV.0000000000000693

Recusals: Member of the editorial team, Linda Brubaker,
recused herself from all aspects of this manuscript review.

e28 www.fpmrs.net Female Pelvic Medicine &

Copyright © 2019 Wolters Kluwer Health | Lippincott Williams & W
lower bacterial abundance that was distinct from the periurethra. Voided
urine collected by Peezy may reduce postbladder microbial contribution.

Key Words: urine collection, female urinary microbiome, bacteria,
specimen handling/methods

(Female Pelvic Med Reconstr Surg 2019;25: e28–e33)

C ontrary to long-held dogma, the bladder is not sterile; instead,
it contains communities of microbes commonly referred to as

the bladder microbiota. Transurethral catheterized urine speci-
mens that were deemed “negative” by standard urine culture were
shown to contain bacterial DNAvia 16S ribosomal RNA gene se-
quencing.1 An enhanced urine culture method called expanded
quantitative urine culture (EQUC) then showed that these bacteria
were alive.2 This is not surprising because standard urine culture
methods preferentially grow Escherichia coli and reproducibly
fail to grow many microbes that were identified using 16S ribo-
somal gene sequencing.3,4 In contrast to standard urine culture,
EQUC involves plating larger amounts of urine ontovarious culture
media and incubating samples in multiple conditions for a longer
length of time. As such, EQUC reproducibly cultures more diverse
organisms than standard urine culture, making it a more suitable
culture technique to use when studying the lower urinary tract mi-
crobiota.2 Analyzing urine samples obtained by transurethral cathe-
terization by 16S ribosomal RNA sequencing and EQUC, our team
and others have defined the bladder microbiota and associations of
microbes with specific lower urinary tract symptoms.5–11

Because transurethral catheterization for urine collection is
invasive, it has limitations as a universal collection method for re-
search of bladder microbiota, especially for longitudinal studies
involving community populations. Although voided urine use is
more practical, the typical “clean catch” method has been shown
to contain high amounts of microbes associated with the vagina,
vulva, and surrounding skin.12–14 The presence of these con-
taminants can complicate the accurate depiction of bladder micro-
biota, as voided urines are more representative of the complete
genitourinary tract.15

The standard clean catch (SCC) method involves using a
cleansing castile soap wipe, urinating the initial urine stream into
the toilet, and then collecting midstream urine into a sterile cup.12

Typically, there is no standard instruction for how much urine
should be voided before midstream collection. The lack of stan-
dardization of the standard clean catch procedure and the varying
physical characteristics of women may contribute to the contami-
nation of these urine samples with the microbes residing in the
urethra, vagina, vulva, and surrounding skin. Before microbiome
researchers can use voided urine, we need to develop or identify a
“cleaner” catch voided urine sample. ForteMedical has developed
a device (Peezy) that discards approximately 10 mm of urine
before collection into a sterile container.16 Previous studies of
Peezy's efficacy have produced conflicting results using standard
urine culture techniques.17,18
Reconstructive Surgery • Volume 25, Number 2, March/April 2019
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FIGURE 1. Peezy midstream urine collection device.

Female Pelvic Medicine & Reconstructive Surgery • Volume 25, Number 2, March/April 2019 Peezy Midstream Device
In this study, we used EQUC to compare microbial abun-
dance and diversity of paired periurethral specimens to microbial
abundance and diversity of voided urines obtained by standard
clean catch urine collection method or the Peezy midstream de-
vice. We hypothesized that voided urines obtained using Peezy have
less contribution from the urethra, periurethra, vulva, and vagina than
voided samples obtained by typical clean catch techniques.

METHODS
This is a cross-sectional pilot cohort study of participants from 2

randomized trials with Loyola Institutional Review Board-approval.
The first trial randomized 40 women into 1 of 2 arms of a voided
urine collection study (standard clean catch technique using a castile
soap wipe versus a “modified clean catch” approach that did not in-
volve a castile soap wipe). Only the 20 women enrolled into the stan-
dard clean catch method using a castile soap wipe were included in
this analysis because our “modified technique” demonstrated no su-
periority over the standard clean catch technique. The second trial
randomized 42 women to use the Peezy device with a castile soap
wipe versus using the Peezy device without the castile soap wipe.

Recruitment
Adult women 18 years or older who were employees or stu-

dents of the Loyola University Hospital System and/or Loyola
University Health Sciences Campus were invited to participate
in this Institutional Review Board-approved trial. Women were in-
cluded if they could speak fluent English, were ambulatory, could
view video-based instruction for the collection method, and an-
swered yes to the query “do you feel your bladder is full enough
to void.” Women were excluded if they had a history of recurrent
UTI (3 or more UTI in the last year or 2 in the last 6 months), pelvic
organ prolapse, urinary urgency incontinence or urinary stress in-
continence. Other exclusion criteria included current use of antibi-
otics, postmenopausal status, pregnancy, current menstruation, or
the use of intermittent self-catheterization. After a signed in-
formed consent, participants completed 3 forms: Demographic in-
formation, the Pelvic Floor Distress Inventory-20,19 and the
Urinary Tract Infections Symptoms Assessment (UTISA) ques-
tionnaire20 in which the participant rates the severity and bother
for 7 common UTI symptoms. All participants were enrolled,
and samples were collected at the Loyola University Outpatient
Urogynecology clinic and the Clinical Research Office, and all
bacterial detection was performed at the Center for Translational
Research and Education. Participants received a US $5 gift card.

Sample Collection
After watching a video detailing proper sample collection,

each participant provided a periurethral swab and voided urine
specimen. For women in the standard clean catch cohort, partici-
pants washed their hands with soap and water before collecting
a periurethral sample with the provided swab. Participants then
used a castile soap wipe to cleanse the periurethral area by wiping
from front to back before partially voiding into the toilet, then
collecting midstream urine in a sterile cup. For women in the
2 Peezy cohorts, participants washed their hands with soap and
water before collecting a periurethral sample with the provided
swab. Half of the participants, randomized to the Peezy with wipe
(PZW), then used the castile soap wipe to cleanse the periurethral
area by wiping from front to back before voiding into the device
(PZW). The other half voided into the device without using a cas-
tile soap wipe (Peezy without wipe [PZ]). The Peezy device was
held below the perineum, and the participants urinated into the de-
vice, which allows the initial stream (approximately 10mL of urine)
to pass through into the toilet (Fig. 1). This initial stream causes the
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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expansion of a cellulose sponge that, when engaged, forces themid-
stream urine into a sterile urine collection tube through a 1-way
valve. Once finished voiding, participants held the Peezy device
over the toilet to allow excess urine to flow through the device. Par-
ticipants then unscrewed the sterile collection tube from the device
and placed the provided cap onto the tube.

Culture Method and Identification of
Bacterial Isolates

Paired urine and periurethral samples were cultured using
EQUC, which consists of inoculation of 0.1-mL urine onto di-
verse types of media (blood agar, chocolate agar, colistin and
nalidixic acid agar, CDC anaerobe 5% blood agar) with incuba-
tion in diverse environments (5%CO2, aerobic conditions, Campy
gas mixture [5% O2, 10% CO2, 85% N], or anaerobic conditions)
all at 35°C for 48 hours. The level of detection for EQUC is 10
colony-forming unit (CFU)/mL, represented by 1 colony of
growth on any of the plates. Expanded quantitative urine culture
is designed to isolate a broad array of gram-negative and gram-
positive bacteria, including anaerobes and fastidious bacteria that
grow slowly. Each morphologically distinct colony type was
counted and isolated on a fresh plate of the same media to prepare
a pure culture that was used for identification withMatrix-Assisted
Laser Desorption/Ionization Time-of Flight mass spectroscopy.

Statistical Analysis
Research Electronic Data Capture was used for the imple-

mentation of the random allocation sequence, which was only re-
vealed upon participant enrollment just before sample collection.
At the conclusion of recruitment, bacterial compositions of voided
urines and periurethral swabs were analyzed using alpha diversity
measures. Richness, or the number of microbial species present,
www.fpmrs.net e29
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was calculated by comparing the number of observed species for
each cohort and by each method of collection. Evenness, or the
distribution of microbial species within the sample, was calculated
with Pielou index. This index ranks samples from 0 to 1, with 1
being completely even. A sample with a Pielou index score close
to 1 contains all species present in nearly equal abundance,
whereas a lower index score indicates that certain species are more
abundant than others. Abundance, or the number of each organ-
ism present, was calculated with Fisher alpha diversity index.
Communities with higher Fisher index values had similar abun-
dances of multiple species. Combined interactionswere calculated
with the Shannon (richness and evenness) and Simpson (richness
and abundance) indices. Higher Shannon diversity values indicate
communities with high richness and evenness. Higher Simpson
diversity values indicate communities with higher richness and
abundance. In all cases, higher index values describe more diverse
samples. Patient demographics and clinical characteristics were
compared usingWilcoxon rank-sum tests for continuous variables
and χ2 or Fisher exact tests for nominal variables. Wilcoxon
signed rank tests were used to assess for statistical significance
of within-group diversity differences in CFU and diversity mea-
sures. Kruskal-Wallis tests on swab measures were used to assess
the statistical significance of differences in CFU between groups.
P values less than 0.05 were considered statistically significant.
Analyses were performed using RStudio 1.1.423 (Boston, MA).

RESULTS
The 62 female participants were predominantly white, had a

mean age of 28.8 years (range, 22–52 years) and a mean BMI of
25.7 kg/m2 (range, 17.2–47.2 kg/m2). There were 20 participants in
the SCC cohort, 21 participants in the Peezy with periurethral wipe
cohort (PZW) and 21 participants in the Peezy without periurethral
wipe cohort (PZ). The cohorts did not differ significantly in their de-
mographics, Pelvic Floor Distress Inventory (PFDI)-20, or UTISA
symptoms scores (Table 1). The cohorts also represent healthy
participants with no urinary tract symptoms and minimal pelvic
floor symptoms.
TABLE 1. Participant Demographics, UTISA, and PFDI-20

Participant Profile (N = 62)

Cohorts SCC, n = 20

Average age (range) 31.9 (21–49)
Average BMI (range) 24.8 kg/m2 (24–42
Ethnicity
White 65%
Asian 15%
Hispanic 15%
African American 5%
Other 0%

UTISA score, average (range of positive responses)
Urination regularity 0.0 (0.1–0.6)
Problems with urination 0.0 (0.1)
Pain associated with UTI 0 (0)
Blood in urine 0 (0)

PFDI-20 score, average (range of positive responses)
Total (of 300) 3.7 (3.12–20.
POPDI-6 0.4 (1.86)
CRAD-8 0.0 (3.1)
UDI-6 3.1 (8.3–20.8

e30 www.fpmrs.net
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Microbiota Abundance
We investigated the abundance data by comparing the distri-

bution of CFU/mL of voided urines to the mean CFU/mL of the
paired periurethral swabs (that were obtained before the periurethral
wipe). For both Peezy cohorts, the voided urines had significantly
lower CFU/mL than their paired periurethral swabs (Table 2). In
contrast, there was no difference in CFU/mL of SCC-obtained
urines and their paired periurethral swabs.

PZW Versus PZ Microbiome Diversity
Microbiota of voided urines from both Peezy cohorts had sig-

nificantly lower diversity values than those of paired periurethral
swabs in Pielou (evenness), Shannon (richness and evenness), and
Simpson (richness and abundance) indices (Figs. 2A-C, Sup-
plemental Table 1, http://links.lww.com/FPMRS/A72). Voided
urines from both Peezy cohorts did not differ significantly from
paired periurethral microbiota in species richness or abundance
(Fisher index).

SCC Microbiome Diversity
Microbiota from the paired SCC urine and periurethral swabs

did not differ significantly in diversity values for Pielou, Shannon,
or Simpson indices. The only diversity measures in which the mi-
crobiota from the paired SCC voided urine and periurethral swab
significantly differed were Fisher index (Fig. 2D, Supplemental
Table 1, http://links.lww.com/FPMRS/A72) and species richness,
with the microbiota of the voided urine obtained by SCC having
significantly greater relative abundance and richness than the
paired periurethral microbiota.

DISCUSSION
The aim of this study was to better understand the use of

voided urine in microbiome studies. Obtaining catheterized urine
is a rate-limiting step for many researchers who want to do large
community-based studies. Urine in the bladder has a low biomass
and as urine from the bladder traverses the urethra, the urethral
PZW, n = 21 PZ, n = 21 P

28.4 (23–52) 27.2 (22–43) 0.59
kg/m2) 24.7 kg/m2 (20–29 kg/m2) 23.6 kg/m2 (18–32 kg/m2) 0.37

67% 48% 0.38
14% 33% 0.23
5% 14% 0.51
14% 10% 0.60
5% 5% 1.00

0 (0) 0.0 (0.2) 0.06
0 (0) 0 (0) 0.35
0 (0) 0 (0) —
0 (0) 0 (0) —

8) 3.5 (4.2–22.9) 4.2 (4.2–28.1) 0.97
0.6 (1.99) 0 (0) 0.37
1.5 (6.3–12.5) 2.4 (15.6–18.8) 0.38

) 1.4 (4.2–8.3) 1.8 (4.2–12.5) 0.73
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TABLE 2. Abundance Data Show the Peezy Device Reduces CFUs in Voided Urine Compared With Internal Control

1000 CFU/mL SCC PZW PZ

Swab, median (IQR) 154 (106–230) 226 (140–305) 210 (121–246)
Void, median (IQR) 116 (87–228) 118 (25–204) 110 (102–150)
P 0.216 <0.001 0.005

Median CFU/mL and IQR for each cohort. Significant values are in bold emphasis.

IQR, interquartile range.
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meatus, periurethra and vulvovaginal skin, the biomass increases.
This has been previously demonstrated by the greater relative
abundance of voided urine compared with catheterized urine.21,22

Therefore, voided urine that has a higher relative abundance than its
matched periurethral swab (which was obtained before urination
and use of the castile wipe) is suggestive of a higher postbladder
contribution to the voided urine. The microbiota abundance data
in this study demonstrates that standard clean catch urines produced
similar CFU/mL to paired periurethral specimens. In contrast,
Peezy urines yielded significantly lower CFU/mL than periurethral
specimens. This contrast suggests that the Peezy device, used with
or without periurethral cleansing, is more capable of reducing
postbladder contributions to voided urines than the standard clean
catch method.

One of the challenges of this study was how to measure “bet-
ter” voided urine collection. Previous studies have clearly demon-
strated that voided and catheterized urine are distinct.21,22 Since
each woman has her own bacterial community, we needed to com-
pare voided urine specimens to possible contamination from
the urethra, periurethra, vulva and vagina. We used diversity indi-
ces to compare the microbial communities of each participant's
periurethra and voided urine. These indices are used to describe
FIGURE 2. Comparison of diversity between Peezy and SCC cohorts. Di
paired periurethral swab. Median values are marked with black lines. Sig
(see also Supplemental Table 1, http://links.lww.com/FPMRS/A72).
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environmental and bacterial communities. The periurethral versus
voided urine Shannon, Simpson, and Pielou indices were signifi-
cantly different for Peezy but not for standard clean catch participants.
This indicates that the periurethral and voided urine microbial
communities were distinct for Peezy, but were not distinct for
standard clean catch.

Bladder urine microbial composition has been shown to have
a lower biomass than the periurethral skin and vagina. As a result,
voided urine obtained by a “cleaner” catch should yield lower bacte-
rial abundance, corresponding to a lower Fisher alpha diversity value.
The Fisher alpha diversity value was significantly higher for the
standard clean catch voided urine compared to the periurethral
specimen, suggestive of microbial contributions to the urine sam-
ple from postbladder structures, such as urethra, vulva and vagina.
Significant differences in Fisher diversity values were not seen for
the Peezy cohorts' voided urine versus periurethral specimen,
suggesting that the standardized removal of the initial urine
stream reduces but does not eliminate postbladder bacterial
contribution. Likewise, the castile soap wipe does not appear to
reduce periurethral contribution to urine for the Peezy cohort;
therefore, it may prove to be an unnecessary and possibly con-
founding step in voided urine collection.
versity measures for voided urines were compared to the
nificant differences are denoted with underlined P values
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Our study includes some important strengths. The first is the
use of EQUC. Although other studies have examined the effi-
cacy of Peezy, this is the first to use EQUC for sample analysis.
The standard urine culture method, used in previous studies,
preferentially cultures Escherichia coli, whereas EQUC has
been shown to capture a wider range of bacterial species.2,18

A sensitive assay, such as EQUC, is necessary to assess a novel
urine collection because the bladder and vaginal microbiome
have considerable overlap. In this study, the use of EQUC for
analysis of the samples enabled us to identify a broader and more
accurate range of bacteria, thus providing a better understanding
of bacterial profiles both from the periurethra and LUT.

Another strength was our standardized protocol. Urine col-
lection directions are given in a variety of ways to patients; includ-
ing verbally, written, or sometimes no instruction at all. In this
study, the content and delivery of directions for each protocol
was controlled through the use of a prerecorded video lasting ap-
proximately 2 minutes with both written and visual instruction of
the collection protocol. Participants were then given an opportu-
nity to ask clarifying questions before sample collection. The
Peezy packaging contains visual and written instructions. Because
one possible source of vaginal and skin bacterial contribution to
standard urine collection may be inappropriate collection tech-
nique due to lack of standardized directions, this study sought to
minimize this confounding factor through consistent delivery of
directions. Additionally, by using written, visual, and verbal com-
munication of directions, the diverse learning needs of partici-
pants was addressed. The use of standardized directions does
mean that the results of this study may not be generalizable to
studies where women are not given specific directions on how to
collect their voided urine sample. The Peezy device may provide
an additional level of standardization to the urine collection pro-
cess by controlling the amount of initial voided urine (approxi-
mately 10 mL) discarded before collection. Rather than the
requirement to start and stop one's stream of urine, the device al-
lows for 1 continuous void. This may be the mechanism by which
Peezy provides urine with lower bacterial abundance.

Finally, we used a periurethral swab as an internal control
for vulvovaginal flora. Voided urine obtained by standard clean
catch has been shown to include microbiota that reside outside
of the LUT, most often due to vulvovaginal contribution, which
cannot be easily distinguished from bladder microbiota. We
used paired periurethral swabs as a control for each individual.
By understanding the bacterial profile of the periurethral area,
we could then compare this sample to the voided urine sample.
Through this method, we assessed the bacterial contribution of
posturethral bacteria to a given voided urine sample. This allowed
us to evaluate methods of collection for reduction in postbladder
contribution. The Peezy device showed a significant reduction
in postbladder contribution.

We acknowledge that our study also had limitations. This
study was limited by the number of participants and the use of a
“healthy” control population as clearly demonstrated by the low
UTISA and PFDI-20 subscales of the participants. Because this
was a pilot study, future research should focus on increasing the
number and diversity of participants. Because the participants were
young and relatively fit (avg. BMI: 24.7 kg/m2), theymay have pre-
sented few issueswith urine collectionwhich is not the case in older
urogynecologic patients. The generalizability of Peezy for future
LUT microbiome research still needs to be assessed.

Our hope is that, as a research community, we can develop
methods that allow us to obtain voided urines with as little
postbladder contamination as possible. We recommend that EQUC
be used in future research studies due to its increased sensitivity and
ability to capture a broad range of bacteria. In this small study, we
e32 www.fpmrs.net
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found that the use of the Peezy device suggests a step toward a
“cleaner” catch. We also found the periurethral wipe was not a nec-
essary step for use of the Peezy device. Additional studies and
methodswill validate or refute our findings and build on the current
research of using voided urines to study the microbiome of the
lower urinary tract.
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