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ABSTRACT

Purpose: To utilize the PathoScope platform to conduct species-level analyses of publicly
available, 16S rRNA pyrosequenced asymptomatic urine data to determine relationships

between microbiomes and clinical and functional phenotypes.

Materials and Methods: Reanalysis of previously reported cross-sectionally acquired urine
samples from 47 asymptomatic subjects (23 controls and 24 subjects with neuropathic bladder
(NB)). Urine was originally collected by the usual method of bladder drainage and analyzed with
urinalysis, culture, and pyrosequencing. Urinalysis and culture values were stratified as follows:
leukocyte esterase (LE) 0 or 21, nitrite (+, -), pyuria <5 or =5 white blood cells/high power field
(WBC/hpf), cloudy urine (+, -), and bacterial growth <50,000 or 250,000 colony forming units
(cfu). PathoScope was used for next-generation sequencing alignment, bacterial classification,

and characterization of microbial diversity.

Results: NB subjects were significantly more likely to have LE+, pyuria+, cloudy urine and
bacterial growth. 23/47 samples had bacterial growth on culture while all samples had bacteria
identified by pyrosequencing. The non-NB urine microbiomes had greater proportions of
Lactobacillus crispatus (females) and Staphylococcus haemolyticus (males). The Lactobacillus
community differed significantly amongst females depending on bladder function. Irrespective
of gender, NB subjects had greater proportions of Enterococcus faecalis, Proteus mirabilis, and
Klebsiella pneumonia. In 4 NB subjects, Actinobaculum was detected by

sequencing+PathoScope but not by cultivation, and in all cases was associated with pyuria.
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Conclusions: Utilizing PathoScope plus 16S pyrosequencing, we were able to identify unique
phenotype-dependent species-level microbes. Novel findings included an absence of
Lactobacillus crispatus in female NB urine, and the presence of Actinobaculum in NB subjects

only.
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INTRODUCTION

Explosive growth in microbiome research is driving discoveries in therapeutic microbiology,
from our understanding of gastrointestinal and metabolic disorders to the role of probiotics to
prevent and treat disease’. In contrast, only a handful of urine microbiome studies have been
performed. This dearth of literature is striking when considering the many infections and
infection-induced forms of inflammation that afflict the urinary tract, including prostatitis,
urethritis, cystitis, pyelonephritis, and less well-characterized disorders such as painful bladder
syndrome. A deeper understanding of how the urine microbiome interacts with the human host
will facilitate discoveries likely to improve diagnostics and therapeutics for a number of urologic

disorders.

Utilizing 16S rRNA and next generation sequencing (NGS) to identify bacteria at the genus level,
our group was one of the first to show that healthy urine is not sterile and that a healthy urine
microbiome exists, suggesting that the composition of healthy urine is much more diverse than
previously thought.” These findings of bladder function, gender and catheterization-dependent
microbiomes to the genus level have profound implications for our understanding of bladder
health and disease. However, like many microbiome studies using operational taxonomic units
(OTUs) and analytical pipelines not originally developed to identify pathogenic species or
strains, our prior work was only able to grossly characterize the urine microbiome. Therefore,
the role individual bacterial species may play in the maintenance or induction of health and
disease was poorly explored due to these technologic and analytic limitations. Since our original

analysis, bioinformatics tools have become more sophisticated.
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Herein, we use PathoScope as part of a new microbiome analytical pipeline designed to more
consistently characterize the urine microbiome at the species level. PathoScope utilizes a
Bayesian statistical framework that accommodates information on sequence quality, mapping
quality, and provides posterior probabilities of matches to a known database, considering
ambiguous read reassignment and the possibility that the sample species is not in the reference
database. Moreover, this is more efficiently accomplished, without the need for multiple
alignment steps, extensive homology searches, or genome assembly.? In other work, we have
successfully used PathoScope to generate robust and accurate estimates of bacterial diversity
of airway and skin microbiomes in the analysis of PCR-amplified 165 ribosomal DNA.** We have
also in silico validated PathoScope® using known bacteria for which 165 was sequenced. We
found that PathoScope correctly identified 5 of 6 known bacteria with high confidence, with
minor ambiguities in discriminating E. coli from Shigella and P. aeruginosa from P. otitidis,

which have nearly identical 16S sequences.

The purpose of this new study is to utilize PathoScope to conduct species-level microbiome
analyses of publicly available, 16S rRNA pyrosequenced asymptomatic urine data to determine
relationships between specific microbes, clinical phenotype (defined by urinalysis and urine

culture), and functional phenotype.
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MATERIALS AND METHODS

This is a re-analysis of previously reported 16S microbiome data collected cross-sectionally from
asymptomatic volunteers with and without bladder dysfunction due to neuropathic bladder
(NB). Complete data was available on 47 subjects (23 controls without known bladder
dysfunction (non-NB) and 24 subjects with NB due to spinal cord injury (SCl)). Patient
populations, sample collection, isolation of DNA from bacteria, and pyrosequencing of 16S
rRNA genes have been described previously.” Urine was collected by usual method of emptying
(clean catch in those who void, directly from an unused catheter in those who use intermittent
catheterization, and directly from the catheter in those with suprapubic catheters). Clinical
phenotype is described in terms of urinalysis and urine culture results. As no clear evidence-
based guidelines exist for “positive” urinalysis and urine culture values, for the purposes of this
study values were stratified a priori as follows: leukocyte esterase (LE) 0 or 21, nitrite (+ or -),
pyuria <5 or 25 white blood cells/high power field (WBC/hpf), cloudy urine (+ or -), and urine

culture growth <50,000 or >50,000 colony forming units (CFU/ml).

For PathoScope analysis, the raw 16S rDNA data were obtained from the NCBI under BioProject
ID 97505.% Cutadapt® and PRINSEQ-lite” were used to filter out reads of <220 bp, trim primer
sequences, and eliminate low-complexity or poor-quality reads. Potential chimeras were also
eliminated using UCHIME.® Duplicates were retained for downstream analyses. Microbial
diversity was characterized in PathoScope®*® by mapping reads against two bacterial 165 rRNA
reference datasets, “The All-Species Living Tree” Project LTP115; ** and a curated version of the

Silva 119 Ref NR 99 (all unclassified and marine microbiome sequences purged).”® Bowtie2®?
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was used to map reads according to the PathoMap module. An average of 7,541 reads per

sample aligned to the target libraries.

Statistical analysis. Exploratory analysis and differences in taxon relative abundances or
proportions were assessed in R and Bioconductor'® using packages xIsx, gtools, CHNOSZ, plyr,
ggplot2, reshape2, gplots, Phyloseq, and DESeq2, and in STAMP.* Alpha diversity indexes of
Shannon, Simpson, InvSimpson and Fisher were estimated. Abundance differences among
multiple groups of samples were compared using ANOVA and Kruskal-Wallis’ tests.*® If
significant (P <0.05), the Games-Howell’s test'® was used to determine significantly different
means between group pairs. Group abundance differences between any taxonomic category
were compared using Welch’s'® or White’s non-parametric t-test (proposed for the analysis of
clinical metagenomic data)."” Confidence intervals were estimated by inverting Welch’s t-test
and using a percentile bootstrapping method (10,000 replications), respectively. False discovery
rate (FDR) in multiple testing was controlled in each analysis by using the Benjamini-Hochberg

FDR'® or Storey’s FDR'® methods.
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RESULTS

Clinical and functional phenotype data are shown in Table 1. When urine sample characteristics
of 23 non-NB subjects (mean age 35.3 years) and 24 NB subjects (mean age 40.3 years) were
compared, the NB group were significantly more likely to have urinalyses positive for LE

(p<.001), nitrite (p<.001), pyuria (p=.001), cloudy urine (p<.001), and positive culture (p< .001).

<<<INSERT TABLE 1 APPROXIMATELY HERE>>>

Microbiomes by Clinical Phenotype: All subjects (47/47) had bacteriuria based on 16S
pyrosequencing, while only 23 had positive urine cultures. Among the 23 positive urine
cultures, Escherichia coli was the most frequently identified species, identified in nine by
standard cultivation methods, four of which as the single species, and in the remainder as part
of a polymicrobial culture (see Table 2). One culture-positive E. coli sample was not confirmed
by sequence analysis by either database (although PathoScope detected Shigella, which has a
nearly identical 16S gene). In two additional cases, bacteria (Enterococcus faecalis and
Pseudomonas aeruginosa) were identified by cultivation, as part of polymicrobial cultures,
whose presence could not be confirmed by sequence analysis (although PathoScope detected
other species from the same genera). Overall, there was high correlation in the bacterial
species identified by both databases with the exception of E. coli. None of the E. coli strains
were identified using the LTP115 database, while 8 of 9 E. coli culture positive samples were
confirmed to have E. coli rRNA using the Silva database. This difference between the databases

is attributable to the LTP115 database including only one E. coli reference, while the curated

10
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SILVA database includes 1256 E. coli (some redundant) references. These results also confirm

the good performance of PathoScope at assessing bacterial composition using 16S sequences.

<<<INSERT TABLE 2 HERE>>>

The non-NB female urine microbiome was characterized by Lactobacillaceae, Aerocacaeae, and
Enterobacteriacea, with only Lactobacillaceae being significantly more abundant when
compared with non-NB males (75% greater abundance, p=.002), NB males (60% greater
abundance, p=.01), and NB females (55% greater abundance, p=.02). There was no gender
difference in proportional representation of Lactobacillaceae within the NB group (p=.1). The
non-NB female Lactobacillus community was characterized by L. crispatus and L. iners, whereas
the Lactobacillus community of NB females was characterized by L. iners. L. crispatus was not

identified in the microbiome of any subject with NB.

The non-NB male urine microbiome was characterized by a significantly greater proportion of
Streptococcaceae than non-NB females (40-45% greater abundance, p=.014) (Figure 1a), and
NB males and females (both p<.05). These trends were similar at the genus level (Figure 1b),
but did not persist to the species level. Staphylococcus haemolyticus was the only bacterial
species present to a significantly greater degree when compared with non-NB females (p=.023)
(see Figure 1c). Supplemental Figure 1 confirms these differences using the SILVA reference

database.

<<<INSERT FIGURE 1 APPROXIMATELY HERE>>>
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At the genus level, NB females had a significantly greater proportion of Lactobacillus (20%
greater, p=.018), Gardnerella (8% greater, p=.02), and Enterobacter (6% greater, p=.04) than NB
males. At the species level, G. vaginalis (8% greater, p=.009) and L. iners (17% greater, p=.01)

were significantly more predominant in NB females.

To determine urine microbiome differences by bladder function, non-NB males and females
were combined and compared with NB males and females. Figure 2c shows that NB group
microbiomes had significantly greater representation from Enterococcus faecalis (p=.006),
Pseudomonas aeruginosa (p=.023) and Klebsiella pneumonia (p=.023). Using the SILVA
reference database, significant abundance of E. faecalis (p=.005) and L. crispatus (p=.02) were
confirmed for the NB and non-NB groups, respectively, while E. coli was also shown to be

present in the NB group to a greater extent (p=.028, see Supplemental Figure 2).

<<<INSERT FIGURE 2 APPROXIMATELY HERE>>>

When the NB group was further stratified by catheterization status, NB subjects using
suprapubic catheters (SP; p<.05) and intermittent catheterization (IC; p<.01), but not those who
void (p2.1) had significantly greater abundance of the family Enterobacteriaceae than the non-
NB group (see Figure 3a). No differences were observed in intra-NB group comparisons. The
non-NB group had significantly greater proportions of Lactobacillaceae than subjects with NB
using SP catheters (p<.001) and IC (p<.01), but not those with NB who void (p>.1; see Figure

3b).

<<<INSERT FIGURE 3 APPROXIMATELY HERE>>>
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Microbial diversity was assessed using the Shannon, Simpson, Inverse Simpson and Fisher
diversity indices. While there was no significant difference in diversity between the non-NB, NB-
void, NB-IC, or NB-SP groups, the NB-void group trended toward less diversity. Similarly, there
was no difference in diversity by gender between the non-NB and NB groups. All study groups
independent of gender and bladder status had a median of two to 18 phylotypes, underscoring

the concept that polymicrobial urine is a ubiquitous condition.

When the relationship between microbial diversity and pyuria was assessed, there was no
difference in diversity between the NB group in those with and without pyuria. Further analysis
by white blood cell (WBC) count demonstrated no association (positive or negative) between
the presence of Lactobacillus (L. iners, L. crispatus, L. fornicalis, and L. gasseri), Streptococcus,
Klebsiella, or Shigella and pyuria between the non-NB and NB groups and within the NB group
when data were analyzed using both the LTP115 (see Fig 4) or SILVA (Supplemental Fig 3)

reference databases.

<<<INSERT FIGURE 4 APPROXIMATELY HERE>>>

When we analyzed the microbiomes of NB subjects by the presence or absence of pyuria we
found that the Genus Actinobaculum was strongly associated with the presence of pyuria
(p=.009). Further analysis of this genus revealed that none of the four Actinobaculum species
were present in any non-NB subject or NB subjects with WBC<5, while Actinobaculum sp.

(A.schaalii and A.massiliense) were present in 36% (4 of 11) NB subjects with pyuria.

13
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DISCUSSION

In this paper we aimed to build upon our previous work disputing clinical dogma that healthy
urine is sterile, by describing unique asymptomatic urine microbiomes by clinical and functional
phenotype. We extend our prior work by correlating clinical assessments (urinalysis and urine
culture) with urine microbiome findings, and demonstrating that the asymptomatic urine
microbiome varies by gender and function. Lactobacillus sp. and S. haemolyticus characterize
non-NB females and males, respectively, while the urine microbiome of those with NB
dysfunction is characterized by known uropathogens, E. coli, E. faecalis, P. aeruginosa and K.
pneumoniae. Lastly, we identified emerging uropathogens of the genus Actinobaculum in

healthy NB subjects, all of whom had pyuria.

Our demonstration of the discordance between urinalysis findings and urine culture bacterial
growth between the non-NB and NB groups support clinical observations. Further, there was
the suggestion of increasingly abnormal findings with increased exposure to a urinary catheter.
Because these patients were asymptomatic, these findings loosely support disregard of WBC (at

least at the WBC25 level) for catheter-associated UTI diagnosis endorsed by the IDSA.*

Our findings of significant differences in urine microbiome composition by gender, regardless of
NB or catheterization status, are not surprising. The vaginal microbiome is rich in Lactobacilli
during health, and characterized by reduced Lactobacilli and heightened bacterial diversity
during disease states.” Related, L. crispatus vaginal microbiomes are considered the
‘healthiest’ and less likely to be associated with disease states than L. iners vaginal

microbiomes. If the urine microbiome follows vaginal microbiome physiology then this finding

14
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leads us to hypothesize that absence of L. crispatus in favor of L. iners in NB subjects may be

indicative of a microbiome more prone to disease.

The preponderance of Enterococcaceae in the urine microbiome of people with NB is consistent
with clinical observations. Our NB participants were all affected by SCI, which results in near
universal presence of neuropathic bladder and bowel. Fecal incontinence or bowel care regimes
may alter colonization of the perineum by fecal flora. Alternatively, shifts in the gut
microbiome may influence the ability of specific bacteria to colonize the urinary tract

independent of mechanical delivery.

Lastly, we were surprised that we did not find any differences in diversity amongst the groups.
The evidence suggests that microbiome diversity is not consistently associated with health or
disease across body systems. Whereas increased bacterial diversity is associated with disease
states in the female vagina,”* decreased gut microbiome diversity is implicated in obesity and
allergic/immunologic conditions.?? Our data provide preliminary evidence about urine

microbiome diversity during the asymptomatic state.

These findings are highly clinically relevant to the NB population, who face a disproportionately
high risk of genitourinary complications. UTIs were historically the most common cause of

death for people with SCI,%*

and while early mortality due to UTI and subsequent kidney failure
has declined with improved prevention and management, UTls remain the most common cause

of emergency department visits and rehospitalization among people with neuropathic

bladder.>*?
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Our results demonstrate that the Genus Actinobaculum, comprised of A. massiliense, A.
schaalii, A. suis and A. urinale, was present in four NB microbiomes, none of which were
detected by cultivation, and the presence was strongly associated with pyuria. Characterized by
16S rRNA sequencing between 1997 (A. schaalii) and 2003 (A. urinale), the four Actinobaculum
species have been identified as emerging uropathogens in adults and children with underlying
pathophysiology, including cases of a child with neuropathic bladder due to

® urosepsis;?’ and UTI in the elderly population with chronic cystitis.”® In a

meningomyelocele;?
study of 10 Danish patients infected with A. schaalii, 3 of these were similar to our NB

population in that they either utilized a urinary catheter for bladder drainage and/or had

neuropathic bladder due to syringomyelia or chronic paraplegia.”’

A. schaalii is a facultative anaerobic gram-positive rod that resembles normal skin or mucosal
flora. It is slowly growing and is often overgrown in culture media by faster growing or
commensal species. Because of these features and because traditional urine samples are
incubated for 24-48 hours in ambient air, A. schaalii growth is impeded, making it challenging to
isolate.” In a retrospective series of 20 cases of A. schaalii infection, leukocytes were present in
all culture positive cases (10/10) while nitrite was negative in all cases.>* A. schaalii has
diminished sensitivity to first line antibiotics used to treat readily cultured uropathogens (i.e.
ciprofloxacin and trimethoprim/sulfamethoxazole),*® while being susceptible to amoxicillin,
ceftriaxone, gentamicin, and nitrofurantoin. This is clinically relevant as people with NB due to
spinal cord injury frequently have pyuria and bacterial growth on urine cultures despite a lack
of symptoms. Also, they frequently experience “recurrent” infections that do not respond as

well as anticipated to antimicrobials. Thus, we speculate that in people with NB due to spinal
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injury, the presence of Actinobaculum species may influence abnormal urinary findings and that

standard urine culture data might sometimes mislead antibiotic choice.

The major limitation of this study was the small sample size, which limited the robustness of
analyses when multiple stratifications were performed. While we found unique microbiomes by
gender and bladder function, our sample was not large enough to stratify by both variables
simultaneously. Our ability to identify E. coli using 16S rRNA gene sequencing depended on the
reference database used. Because this was a cross-sectional study of the urine microbiome
during the healthy state, we are unable to make any correlations to UTI or to fluctuations in the
microbiome over time. Lastly, we cannot fully exclude contamination of bladder urine with
urethral and vaginal bacteria. Despite these limitations, given that all 47 patients had bacterial
16s rRNA detected we suspect that bacteria are always present in the urine. Prospective studies
of people during asymptomatic, symptomatic and post-antimicrobial therapy will be helpful in

better understanding any relationships between these states.
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CONCLUSIONS

Several findings from this study suggest a change in our clinical and research approaches to
urinary health and disease. Asymptomatic bacteriuria is often considered an ‘unhealthy’ state
or possibly a precursor to disease. Our data suggest that asymptomatic bacteriuria is universal
as opposed to being a rare and episodic event. Metagenomics allows greater specificity and
perhaps will allow us to identify urine microbes that are associated with more or less healthy

urologic states, as has been done in other body systems.

Defining the healthy urine microbiome provides yet undiscovered insights into novel diagnostic
and therapeutic approaches worthy of future scientific pursuit. Our findings call into question
our current approach to cultivation and perhaps the diagnostic utility of identifying the most
prevalent bacterial species as the etiology of infection. Instead of a goal being eradication of
bacterial load, perhaps future goals might involve identification of and subsequent
manipulation of the urine microbiome toward a healthier state. For example, L. crispatus, which
we found in non-NB females, is currently being explored as a probiotic in clinical trials.

Different microbiomes (such as those of the gut, vagina, and bladder), and changes within these
microbiomes, may be found to influence each other such that deviations toward or away from
health in one may affect the others. Understanding the behavior of bacteria within and
between microbiomes offers great potential for clinical advancement and benefit to the

patient.
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Table 1. Clinical and functional bladder phenotype summary.

Urinalysis Urine Culture
Age
(vears, . Positive
_ +Pyuria .
range) +LeukEst +Nitrite (WBC>5/hpf) Urine Cloudy | (>50,000-100,000
(%) (%) ) (%) CFU/ml)
’ (%)
35.3 2 0 1 3
Non-NB(N=23) | 5 57) | (8.60%) (4.35%) 0 (13.04%)
34.4 1 0 0
Males (N=3) (24-50) | (11.11%) R 0
35.8 1 1 3
Females (N=14) | 5 57) | (7.14%) 0 (7.14%) 0 (21.42%)
NB (N=24) 40.33 13 11 11 19 17
- (19-61) | (54.17%) | (45.80%) (45.80%) (79.10%) (70.80%)
32.8 8 6 6 11 10
Males (N=12) (19-48) | (66.66%) (50%) (50%) (91.66%) (83.33%)
Void (N=3) 32.6 1 1 1 2 3
(19-48) | (33.33%) | (33.33%) (33.33%) (66.66%) (100%)
Intermittent 39.25 2 3 1 4 3
Catheter (N=4) (21-48) (50%) (75%) (25%) (100%) (75%)
Suprapubic 27.8 5 2 4 5 4
Catheter (N=5) (20-48) (100%) (40%) (80%) (100%) (80%)
Females (N=12) 47.8 > > > 8 !
- (36-61) | (41.66%) | (41.66%) (41.66%) (66.66%) (58.33%)
1
Void (N=1) 41.0 0 0 0 0 (100%)
Intermittent 50.8 2 2 2 4 2
Catheter (N=6) (36-55) | (33.33%) | (33.33%) (33.33%) (66.66%) (33.33%)
Suprapubic 45.6 3 3 3 4 4
Catheter (N=5) (40-61) (60%) (60%) (60%) (80%) (80%)




Table 2. Comparison of Urine Culture and Sequencing Findings (using two databases)

Patient | Culture LTP115 silvall9refNRclean
£ GUOO8 | Escherichia coli - +
[%2]
& GUO21 | Escherichia coli - +
=
o
@ GUO26 | Escherichia coli - -
]
%]
& GUO032 | Escherichia coli - +
S
S GUO034 | Escherichia coli - +
Enterococcus faecalis 4 -
GUO14 | Escherichia coli - +
Pseudamonas aeruginosa + +
(<]
E Enterococcus faecalis + +
E
TL; Escherichia coli - +
=
g GUO15 | Klebsiella pneumoniae + -
E, Providencia stuartii + +
o
Q.
S Pseudomonas aeruginosa + +
=
=
§ Citrobacter koseri (diversus) + +
(39}
§ GUO029 | Enterococcus faecalis - -
53]
Escherichia coli - +
Enterococcus faecalis + -
GUO56
Escherichia coli - +
o, B GUOO1 | Proteus mirabilis + +
585,
o E 3 5| GUOOS | Klebsiella pneumoniae + +
L8 —
s B8 o =
s S é °1 GU037 | Klebsiella pneumoniae + +




GUO57

Klebsiella oxytoca

Pseudomonas aeruginosa

GUOO06 | Enterococcus faecalis
GUO028 | Enterococcus faecalis
GUO018 | Pseudomonas aeruginosa
GUO025 | Staphylococcus
GUO046 | Lactobacillus species
GUO047 | Lactobacillus species
GUO049 | Streptococcus beta-hemolytic
GUO53 | Streptococcus beta-hemolytic
= < Diphtheroids (Corynebacterium)
8 8
. O
‘2 S GUO031 | Lactobacillus
S £ o
s 52 -
< 9 = Pseudomonas aeruginosa
= a X
= @9 3 .
0o Enterococcus faecalis
L S
a5 GU040
£ 8
A g




a. 95% confidence intervals
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Figure 1. Significant differences in the urine microbiomes of all females (shaded)
versus all males (not shaded) at the (a.) family, (b.) genus, and (c.) species levels.

Corrected p-value Corrected p-value

Corrected p-value



a 95% confidence intervals

Enterobacteriaceae = : : | 1.44x10°
Lactobacillaceae T ———— = 1 —e— 0.018
Streptoccocege T : —e— 0.018
Enterococcaceae l':l | ! 1 1 ’L—O—' | J 1 J 0.020
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b. .
Lactobacillus —— I : Oy 12.50x103
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Pseudomonas .I: . | | ’_O_‘I . | I0 .025
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Lactobacillus psittaci == He— 6.50x10%
Lactobacillus crispatus [———————— It @ i 0.010
Pseudomonas aeruginosal— —0 0.023
Klebsiella pneumoniae ———— 00— 0.023
Prevotella bivia® !'4 0.039
0.0 20.9 -30 -20 -10 0 10 20 30 40
Mean proportion (%) Difference in mean proportions (%)

Figure 2. Significant differences in group urine microbiome analyses of non-NB

subjects (shaded) versus NB subjects (not shaded) at the (a.) family, (b.) genus, and

(c.) species levels.
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Figure 3. Significant differences in Enterobacteriaceae (a) and Lactobacillaceae (b)
by bladder function and bladder management method (cyan = NB subjects using IC;
orange = NB subject using SP; shaded = non-NB; no shading = NB subject who void).
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Figure 4. Heatmap and dendrogram of predominant genera by patient group and
pyuria status (cyan = non-NB subjects without pyuria; orange = non-NB subjects
with pyuria; shaded = NB subjects without pyuria; no shading = NB subjects with

pyuria).




ABBREVIATION WORD/PHRASE

NB Neuropathic bladder
SCI Spinal cord injury

UTI Urinary tract infection
ASB

Asymptomatic bacteriuria




95% confidence intervals
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Supplementary Figure 1. Confirmation of significant differences in the urine
microbiomes of all females (shaded) versus all males (not shaded) at the species
level using the SILVA database.
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Supplemental Figure 2. Significant differences in group urine microbiome analyses
of non-NB subjects (shaded) versus NB subjects (not shaded) at the genus and

species levels.
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Supplemental Figure 3. Heatmap and dendrogram of predominant genera by
patient group and pyuria (cyan = non-NB subjects without pyuria; orange = non-NB
subjects with pyuria; shaded = NB subjects without pyuria; no shading = NB subjects
with pyuria).



