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Abstract

Background: The long-held notion that, without urinary tract or circulatory infection, bladder urine and blood are
sterile biofluids has been disproven. There have been no previous reports on the kidney pelvis urinary microbiome
after bladder disinfection in kidney stone patients. This study aimed to determine whether a kidney pelvis urinary
microbiome is present after eliminating the influence of the bladder urinary microbiome, whether the microbiome
composition is different in patients with stone kidney pelvis (SKP) and non-stone kidney pelvis (NSKP), and the
correlation between SKP and patient clinical characteristics.

Results: Comparisons of bacterial diversity and community structure exhibited that urine in bladder was similar to
SKP and NSKP. However, the comparisons showed that urine samples were different from blood. The most
common operational taxonomic units were shared by all three types of urine samples. Corynebacterium was
significantly higher in SKP compared to NSKP. Several bacteria were associated with patient characteristics,
including Lactobacillus, which was positively correlated with fasting blood glucose, and Prevotella was negatively
correlated with BMI. Lactobacillus was significantly higher in SKP compared to blood but not in NSKP compared to
blood.

Conclusions: The composition of the kidney pelvis urinary microbiome after disinfection of the bladder and its
similarity to the bladder microbiome indicate that bladder urine can be used to replace kidney pelvis urine in
microbiome research. Additionally, the comparison of SKP and NSKP and clinical associations suggest that the
occurrence of kidney stones is responsible for the SKP urinary microbiome.
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Background

Kidney stones affect approximately one in 11 individuals
in their lifetimes, and their prevalence is increasing [1].
The recurrence rate within the first 5years of the initial
episode is as high as 50% [2], and some patients may de-
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microbiome dysbiosis is linked to the pathophysiology of
kidney stones [5-7]. The microbiome composition in
patients with kidney stones exhibited lower biodiversity
and underrepresentation of some taxa compared with
that observed in healthy controls [5]. In addition, alter-
ations were linked to changes in functionality contribut-
ing to kidney stone physiopathology [5].

Although the bladder was previously considered to be
“sterile”, it has been shown to possess its own urinary micro-
biome [8, 9]. The gut microbiome affects human gut health;
similarly, the bladder urinary microbiome is also related to
urinary tract diseases [10—12]. Recently, Dornbier and col-
leagues compared the upper and lower tract urine of kidney
stone patients and obtained evidence of an upper tract
microbiome; the authors found that there was no significant
difference in the bacterial community between the upper
and lower tract urine [13]. However, it is still unclear
whether there is a bacterial community in kidney pelvis urine
after bladder disinfection. Similar to the situation regarding
the bladder, the dogma regarding the sterility of the human
circulatory system has been disproven [14-16], and the
blood microbial profile has been associated with kidney func-
tion [16]. The occurrence of kidney stones is associated with
mutations in genes encoding epithelial cell tight junctions
(e.g, claudin-14, an integral membrane protein that provides
barrier function), which permit selective paracellular trans-
port from the circulatory system to the kidneys [17]. This
may contribute to the alteration of urinary components, such
as elevated urine calcium and oxalate [18, 19], and decreased
urine citrate excretion [20], which may affect the environ-
ment of microorganisms in the kidney pelvis. Given the close
anatomical relationship between the kidney pelvis and blad-
der and the differences in kidney function and tight junctions
in patients with kidney stones, we hypothesize that the exist-
ence of a urinary microbiome in the kidney pelvis is associ-
ated with the bladder urinary microbiome and blood
microbiome. In addition, we hypothesized that the urinary
microbiome in the kidney pelvis is different between kidneys
with and without stones because of the presence of micro-
biomes in urinary stones as reported by Dornbier et al. [13].
Furthermore, we hypothesized that the clinical characteristics
of patients are affected by the composition of the urinary
microbiome in the kidney pelvis.

Results

Clinical parameters and expanded quantitative urine
culture (EQUCQ)

Fifty patients with unilateral kidney stones who were
negative on EQUC in post-iodophor bladder lavage
urine were recruited for the study. Table 1 shows that
the percentages of patients with elevated blood uric acid
(BUA) and blood urea nitrogen (BUN) were 24 and 20%,
respectively. The percentage of patients with reduced es-
timated glomerular filtration rate (eGFR) was 48%.
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Table 1 Demographic and clinical characteristics of the patients

(n=50)
Parameter Number (%) or mean = SD
Sex
Male 33 (0.66)
Female 17 (0.34)
Age 52.82+1325
Urinary calcium to creatinine ratio 0.03£0.01
Currently married 50 (100)
History of drinking 4 (8)
History of smoking 6 (12)
History of urinary tract infection 102
Body mass index (kg/m?) 2475+274
Normal 29 (58)
Overweight 21 (42)
Comorbidities
Type 2 diabetes mellitus 10 (20)
Hypertension 23 (46)
Temperature (°C) 3651 +0.16
Normal 50 (100)
Fever 0(0)
Kidney function
BUA (mmol/L) 344.13 £ 10041
Normal 38 (76)
High 12 (24)
BUN (mmol/L) 5.84+1.90
Normal 40 (80)
High 10 (20)
SCr (mg/dL) 234+£040
Normal 36 (72)
High 14 (28)
eGFR (mL/min/1.73m?) 94.65 +31.61
Stage 1 26 (52)
Stage 2 20 (40)
Stage 3 4(8)

eGFR is expressed in mL/min/1.73 m Patients were stratified by eGFR into
five groups: Stage 1, eGFR > 90; Stage 2, eGFR 60-89; Stage 3, eGFR 30-59;
Stage 4, eGFR 15-29; and Stage 5, eGFR < 15

Abbreviations: BUA Blood uric acid, BUN Blood urine nitrogen, eGFR Estimated
glomerular filtration rate, SD Standard deviation

Furthermore, Table 1 illustrates the demographics of pa-
tients, including age, urinary calcium to creatinine ratio,
marital status, and comorbidities.

Sequence-based characterization

A total of 219 samples were collected, and detectable
bacterial DNA was found in 47/50 Bladder A samples
(urine samples aspirated before bladder disinfection), 44/
50 Bladder B samples (newly formed urine after bladder
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disinfection), 48/50 urine samples of stone kidney pelvis
(SKP; the SKP samples were used in our previous study
to compare the characteristics of the urinary micro-
biome of kidney stone patients at different blood pres-
sure stages with that of healthy subjects [21]), 17/19
urine samples of non-stone kidney pelvis (NSKP), and
32/50 blood samples. These samples yielded 11,067,154,
raw tags (i.e., raw sequencing reads), 10,767,904 valid
tags (i.e., the reads after filtering to remove low-quality
reads, reads with adaptors, and reads with unknown
bases), and 3232 OTUs. Good’s coverage, which is con-
sidered a relative measure of how well the sequences
obtained represent the entire population, was 99.92%,
indicating genome sequencing was performed at a
sufficient depth to identify bacteria in samples.

To analyse the richness of the urinary microbiome in
the Bladder A, Bladder B, SKP, NSKP and blood groups,
the number of observed species and the Chaol estimator
were calculated. To assess diversity, the Shannon index
and Simpson’s index were calculated (Fig. 1a). The urine
samples from Bladder A or Bladder B had similar micro-
bial richness and diversity values to kidney pelvis, in-
cluding SKP and NSKP (q < 0.05), i.e., the urine samples
from the bladder and kidney pelvis had almost an equal
number of unique and expected species, unique species
and total species, and the relative abundances of these
species were equal. In addition, the urine samples had
higher Shannon index values than the blood samples
(g <0.05), indicating that the urine samples had more
unique species with higher relative abundances.

Based on the permutational multivariate analysis of
variance and the principal coordinates analysis (PCoA),
we can visualize the similarities of the operational taxo-
nomic units (OTUs) among the samples. Statistically sig-
nificant differences in the PCoA were only observed
between the urine samples of Bladder A/Bladder B/SKP/
NSKP and blood samples (q < 0.05; Fig. 1b).

Although the numbers of shared OTUs accounted for
34.76% of the total OTUs in the SKP and Bladder A
samples, and the numbers of shared OTUs accounted
for 35.45% of the total OTUs in the SKP and Bladder B
samples (Fig. 1c), the most common OTUs were present
in all of the urine samples (Table S1). In addition, large
numbers of OTUs were only present in one sample from
each type of urine. For example, 543 OTUs only ap-
peared in one of the SKP samples, including OTU 758,
OTU 526 and OTU 2058, etc; in addition, 819 OTUs
were only present once in one of the Bladder A samples,
including OTU 3824, OTU 2888, and OTU 3664.

Bacterial and genus distributions among groups

The bacterial genera with above 1% of total relative
abundance are shown in Fig. 2. The relative abundances
of various bacteria were as follows: Sphingomonas,
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Pontibacter, and Bifidobacterium in the Bladder A group
(7.01, 5.33 and 4.21%, respectively), Bifidobacterium,
Sphingomonas, and Prevotella in the Bladder B group
(6.44, 5.47 and 5.00%, respectively), Sphingomonas, Acine-
tobacter, and Bifidobacterium in the SKP group (8.67, 4.68
and 4.52%, respectively), and Acinetobacter, Sphingomo-
nas, and Delftia in the NSKP group (7.55, 7.19 and 4.01%,
respectively). Whereas, Sphingomonas, Acinetobacter, and
Propionibacterium were predominant in the blood group
(16.56, 7.61, and 7.03%, respectively) (Fig. 2).

The major bacterial genera accounting for more than
1% of the total abundance in the kidney pelvis and other
samples were compared. We observed that Corynebac-
terium was enriched in the SKP vs NSKP group (q<
0.05; Fig. 3a). Pseudomonas and Roseburia were signifi-
cantly different between the Bladder A and NSKP sam-
ples (q<0.05; Fig. 4a). Interestingly, almost all bacterial
genera showing significant differences between the
NSKP and blood samples exhibited similar differences
between the SKP and blood samples, except for Pseudo-
monas. The abundance of Lactobacillus was significantly
higher in the SKP sample than in the blood sample
(q < 0.05; Fig. 3b and Fig. 4b).

Bacterial isolation with EQUC and taxa with 16S rRNA
sequencing

We observed that some bacteria in the microbial com-
munity that were cultured by EQUC could be sequenced
by 16S rRNA. For example, Acetobacteraceae, Acido-
vorax, Aerococcus, Agrococcus, Arthrobacter, Brevibacter-
ium, Brevundimonas, Clostridium, Curtobacterium,
Elizabethkingia, Herbaspirillum, Janthinobacterium, Jeot-
galicoccus, Kocuria, Lactococcus, Memnoniella, Micro-
bacterium, Moraxella, Myrmecridium, Nigrospora,
Paenibacillus, Paenisporosarcina, Pseudoclavibacter,
Pseudomonas, Psychrobacter, Rhodococcus, Roseomonas,
Saccharopolyspora, Sphingomonas and Staphylococcus in
the microbial community was detected by both EQUC
and 16S rRNA sequencing. However, some of the bac-
teria in the microbial community that were isolated by
EQUC could not be sequenced. For example, most of
the samples with isolated Bacillus spp., while they were
unable to be detected by 16S sequencing (Table S2).

Associations between the urinary microbiome in the SKP
samples and patient characteristics

Pearson correlation analysis was conducted, and we
found that the major bacterial genera were not corre-
lated with patient age or the values of BUN and eGFR.
Interestingly, PCoA analysis showed that there was no
significant difference between the male and female sub-
jects in both samples of Bladder A and SKP (q > 0.05;
Figure S1 A and S1 C) or between the pre menstrual
and post menstrual females in both Bladder A and SKP
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samples (q > 0.05; Figure S1 B and S1 D). The 15 most
abundant bacterial genera in the subgroups of males and
females and pre menstrual and post menstrual females
in the Bladder A and SKP subgroups were observed. As
shown in Figure S2 A, Sphingomonas, Bifidobacterium,
Acinetobacter, Pontibacter and Delftia were dominant in
the male Bladder A samples (6.89, 5.08, 4.66, 4.09 and
3.75%, respectively), whereas Staphylococcus, Pontibac-
ter, Sphingomonas, Propionibacterium and Prevotella
were predominant in the female Bladder A samples
(7.75, 7.72, 7.24, 5.84 and 5.66%, respectively). The pre
menstrual and post menstrual female Bladder A samples

were dominated by Pontibacter, Streptococcus, Sphingo-
monas, Propionibacterium and Bifidobacterium (15.36,
11.27, 749, 6.59 and 3.32%, respectively); the post-
menstrual samples were dominated by Staphylococcus,
Prevotella, Sphingomonas, Roseburia and Propionibacter-
ium (11.26, 822, 7.10, 557 and 5.39%, respectively;
Figure S2 B). Additionally, the Bladder A samples did not
exhibit significant differences between male and female
samples or between pre menstrual and post menstrual
females (q > 0.05). The samples of males in the SKP group
were dominated by Sphingomonas (8.52%), Bifidobacter-
ium (5.30%), Acinetobacter (4.83%), Propionibacterium
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Fig. 2 Bacterial genera distribution among the groups. The relative abundances of the major bacterial genera, as determined by 165 rDNA gene
sequencing, in the SKP and NSKP samples were more similar to the Bladder A samples than the Blood samples. “Others” includes all detected
bacteria. Abbreviations: NSKP, non-stone kidney pelvis; SKP, stone kidney pelvis
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(3.28%) and Delftia (3.16%). (Figure S2 C), while the sam-
ples of the female subjects were dominated by Sphingomo-
nas (8.95%), Staphylococcus (8.25%), Pontibacter (4.89%),
Propionibacterium (4.42%) and Acinetobacter (4.40%), etc.
When the female SKP samples were divided into pre
menstrual and post menstrual subgroups, the samples of pre
menstrual females were dominated by Staphylococcus, Ponti-
bacter, Sphingomonas, Faecalibacterium and Bacteroides
(13.85, 12.36, 6.54, 5.34 and 4.19%, respectively), whereas the
samples of post menstrual females were dominated by
Sphingomonas, Acinetobacter, Staphylococcus, Propionibac-
terium and Delftia (10.26, 6.33, 5.20, 4.71 and 4.68%, respect-
ively, Figure S2 D). The 15 most abundant bacterial genera
were compared between subgroups of males and females
and between pre menstrual and post menstrual females, and
there was no significant difference (q > 0.05).

Notably, several bacterial genera showed associations
with patient characteristics. For example, Lactobacillus
was positively correlated with fasting blood glucose (r=
0.333, p =0.021), Arthrobacter was positively correlated

with BMI (r=0.551, p <0.001), Prevotella was negatively
correlated with BMI (r = — 0.369, p = 0.010).

Discussion

The old dogma that urine in healthy bladder is sterile
has been challenged with the application of 16S rRNA
sequencing technology and the EQUC technique [22—
24]. The role of the bladder urinary microbiome in urin-
ary tract disease has recently been revealed using cathe-
terized urine samples [11, 22, 24, 25]. Similarly, an
increasing number of studies are exploring the notion
that bacteria in human blood do not necessarily equate
to infection [15, 16, 26, 27]. The present study explored
the existence of the urinary microbiome in the kidney
pelvis and its association with the microbiome in the
bladder and blood in patients with kidney stones. In the
meantime, the microbiome composition of kidney pelvis
with and without stones was compared. For the first
time, repeated disinfection of the bladder under cystos-
copy was used to eliminate the influence of the



Liu et al. BMC Microbiology (2020) 20:336

-

Page 6 of 12

A

Corynebacterium

*

Burkholderia

Clostridium sensu stricto

*

N
=3
]

Corynebacterium

*

159

Faecalibacterium Lactobacillus Planococcus

* Fekk *

154 =—— 4+ 15

Relative abundance (%)
Relative abundance (%)
N
1
Relative abundance (%)

0-‘7—L~ ol — . I

4 > Q > Q
& °\o° o 0\o° o 0\o°

kidney pelvis; SKP, stone kidney pelvis

15 =—
9
Q
2
S 10
©
c
3
Qo
©
2 5
k]
[7]
x
0_
8
@
Arthrobacter Bifidobacterium
* %k *
15 =— 25 — 109 =—
Yy o 20 o 8
o o o
€ 10 c c
3 w S 15 S 6
c c c
3 =3 3
Qo Qo Qo
© © 10-] © 4
o 5 [ o
2 2 2
© T 5 T 24
& & &
o oL o

Fig. 3 Bacterial abundance showing significant difference between SKP and other samples. White's non-parametric t-test was used to compare
the difference of abundance between two groups. *, **, ** means p < 0.05, p < 0.01, p < 0.001, respectively. Abbreviations: NSKP, non-stone

Relative abundance (%)
s
1

Relative abundance (%)

Pontibacter Sphingomonas Streptococcus

Fk ok *

—_— 60 15

N
3]
1

N
=]
1

-
o
1

-
=)
1

20

Relative abundance (%)
T

Relative abundance (%)
Relative abundance (%)

o
1
o
1
o
I

R L R P R P
o q’\o" o 0\o° o q,\o°

organisms in the bladder. This was followed by the use
of EQUC, a technique for culturing living urinary bac-
teria [23], to verify the effect of disinfection. Importantly,
we concluded that although the urinary microbiome
composition in SKP was affected by the clinical parame-
ters of several patients, the influencing factors are not
similar to the human gut microbiome.

The numbers of sequencing-positive Bladder A, Bladder
B, SKP and NSKP samples were similar; however, this
number was lower in the blood group. Consistent with the
sequencing results, the comparison of alpha diversity re-
vealed that the blood samples exhibited the lowest bacter-
ial diversity compared with the urine samples either from
the kidney pelvis or bladder. These findings suggest that

J

the bacterial biomass in the blood is lower than that in the
urine of patients with kidney stones. This may be attrib-
uted to the kidney function insufficiency noted in approxi-
mately half of the patients. A recent study reported that
patients with chronic kidney disease had decreased bacter-
ial diversity in their blood [16].

Both PCoA and Venn diagram demonstrated that the
microbiome composition in the kidney pelvis urine was
similar to that in the bladder urine. The resemblance be-
tween the urinary microbiome in the kidney pelvis and
bladder was consistent with the findings of Dornbier
et al, in which the microbiomes of the urine in the
upper urinary tract and the bladder of patients with kid-
ney stones were similar [13]. In the present study, the
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original urine in the bladder was removed, followed by
repeated disinfection of the bladder with iodophor and
washing with normal saline. However, Dornbier et al.
did not disinfect the bladder prior to collecting kidney
pelvis urine. Thus, the findings in their and our study
suggest that bladder disinfection might not be necessary
for collecting kidney pelvis urine samples or that bladder
urine can be used in studies describing the characteris-
tics of kidney pelvis urine.

Some bacterial genera in the bladder and kidney pelvis,
including Acinetobacter, Bifidobacterium, Corynebacter-
ium, Lactobacillus, Staphylococcus, and Streptococcus,
were also previously reported as the dominant bacteria
in patients with urinary stones [13, 28]. Although the
major bacteria in the present study, including Delftia,
Propionibacterium and Sphingomonas, have not been re-
ported in a previous study on the urinary microbiome in
kidney stone patients, they have been demonstrated to
be associated with human health status in the urine
microbiome. For example, Delftia was overrepresented
in urine from patients with type 2 diabetes mellitus [29],
Propionibacterium was enriched in the urine of patients
with bacterial vaginosis [10], and Sphingomonas tended
to be more abundant in kidney transplantation individ-
uals with stable status [30]. More studies are needed to

explore the roles of these bacteria in the human urinary
microbiome.

Most of the major bacterial genera in SKP and NSKP
were similar. However, Corynebacterium was significantly
increased in the SKP group compared with the NSKP
group. Previous studies have confirmed that Corynebacter-
ium spp. is associated with stone formation [31, 32]. Simi-
larly, Corynebacterium was considered a major bacterial
genus in two samples in the report of Dornbier et al. on
the microbiome in human kidney stones [13]. Thus, the
increased level of Corynebacterium might be a protective
response in the SKP in KSD patients.

We observed that there was no significant difference
in the major bacterial genera between Bladder A and
SKP samples, while the abundances of Pseudomonas and
Roseburia were significantly higher or lower in NSKP
compared to Bladder A, respectively. These findings
might be because vesicoureteral reflux is common in pa-
tients with kidney stones [33], i.e., the possibility of blad-
der urine flowing back to the kidney pelvis increases,
which may result in increased levels of shared micro-
organisms between SKP and bladder urine.

When the microbiomes in the kidney pelvis and blood
were compared, we found that the numbers of the major
bacterial genera showing significant differences between
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the SKP and blood samples were greater than those be-
tween the NSKP and blood samples. These findings in-
directly suggest that the occurrence of kidney stones
affected the urinary microbiome in the kidney pelvis. It
is worth noting that the abundance of Lactobacillus was
significantly higher in SKP compared to blood but not in
NSKP compared to blood. This finding indicates that
the occurrence of kidney stones may activate the self-
protective response in the kidney pelvis urinary micro-
biome, since Lactobacillus is a probiotic that is able to
prevent kidney stones because of its oxalate-degrading
activities [34].

We observed that the EQUC results for some samples
were not consistent with the results of detected tax-
onomy (bacterial genus) in bladder urine. Similar find-
ings were reported by Dornbier RA et al; for example,
one female sample contained Ochrobactrum spp. based
on EQUC, but the sample was dominated by Corynebac-
terium and Enterobacteriaceae [13]. These findings sug-
gest that it is beneficial for researchers and clinicians to
obtain a comprehensive understanding of the urinary
microbiome when using both 16S rRNA sequencing of
the microbiome and bacterial isolates with EQUC.

Although our present study did not reveal that patient
gender, age or menstrual status were correlated with
bacterial composition in the bladder and SKP urine at
the present sample size, which is dissimilar to the hu-
man gut microbiome, we found that several major bac-
terial genera were associated with patient clinical
parameters. For example, the abundance of Lactobacillus
increased with patient fasting blood glucose, which is
similar to a previous human urinary microbiome study
conducted by Chen JW et al. In their study, Lactobacil-
lus was overrepresented in the high haemoglobin Alc
group [29]. In addition, we found that a high abundance
of Prevotella was linked to a low BML It is difficult to
determine the role of Prevotella in human health, since a
recent study reported that the correlations between
Prevotella and BMI in previous human studies were not
consistent [35].

Conclusions

This study demonstrated the existence of the urinary
microbiome in the kidney pelvis after bladder disinfec-
tion, and the urinary microbiome in the kidney pelvis
was similar to that in the bladder urine, but the micro-
biomes in both bladder urine and kidney pelvis urine
were dissimilar to the blood microbiome. To some ex-
tent, we revealed that the urinary microbiome in the
SKP samples was different from that in the NSKP sam-
ples, which is related to alterations in Corynebacterium
in the SKP samples. Although the mechanism respon-
sible for this observation remain unclear, the results sug-
gest that kidney stones can be improved by targeting
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modification of Corynebacterium; for example, dietary
therapy. In addition, we found that the bacterial profile
in SKP was related to the clinical characteristics of the
patients, indicating that modifying these characteristics,
including fasting blood glucose and BMI, using
microbiome-based therapy might play a role in control-
ling kidney stone occurrence. It is worth noting that the
present study demonstrated that the presence of bacteria
in the urine bladder and kidney pelvis, and the blood.
Further study should characterize the consistency of
their alterations, which might provide strategies for hol-
istic therapy in maintaining microbiome balance.

A limitation of this analysis is that the sample size was
insufficient, which reduced the statistical power of de-
tecting true differences in this study. Moreover, although
the bladder was repeatedly disinfected prior to the col-
lection of kidney pelvis urine, this cannot completely
prevent contamination of the kidney pelvis urine by the
bladder urine. As the cystoscope and the tube were
passed through the urethra and bladder into the kidney
pelvis to collect urine samples; it was possible for intra-
cellular bacterial colonization in the urothelium to con-
taminate the instruments and samples [36]. Therefore,
in the future, it will be necessary to collect samples using
percutaneous kidney puncture to verify whether the kid-
ney pelvis urine is contaminated by bladder urine. Third,
we excluded patients with negative Bladder A urine cul-
tures; however, bacteria may be present in the renal pel-
vis urine of these patients. This is a selective bias, which
can be improved by using percutaneous kidney puncture
to collect pelvis urine in the future. Fourth, not having
renal pelvis samples from individuals without kidney
stones to compare the urine microbiome in stone for-
mers and non-stone formers is one of limitation of the
present study. Last, only PCR products of 9 samples
were randomly selected to be sequenced twice because
of limited financial support of our project, which might
skew the results of the present study.

Methods

Patient selection and sample size

The study protocol was approved by the Affiliated Wuxi
Second Hospital, Nanjing Medical University, Ethical Re-
view Committee (ref. 201,802), and patients provided
written informed consent for the use of their samples.
The process was in compliance with the Declaration of
Helsinki, which included risk and benefit assessment.
Kidney calcium stones were confirmed by abdominal X-
ray, ultrasonography, and computed tomography scans.
Patients undergoing ureteroscopic lithotripsy were re-
cruited between October 2018 and April 2019. The fol-
lowing exclusion criteria were applied: menstruation or
pregnancy, cancer, autoimmune disease, urinary tract
disease (including urethritis, prostatitis, benign prostatic
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hyperplasia, kidney cyst, and cystitis), urinary tract de-
formity, known urinary tract infection based on clinical
assessment, urinary catheterization in the previous 4
weeks, and treatment with antibiotics in the previous 4
weeks. Based on previous studies that compared micro-
biomes in different body niches [37, 38], 50 participants
were sufficient to determine the differences in their
microbiomes.

Specimen collection

Six surgeons with >10 years of experience in conducting
ureteroscopic lithotripsy were trained to use the proce-
dures of disinfection and collection of urine samples;
this guaranteed that the surgeons used unified methods
to disinfect the urethra and its surrounding tissues and
bladder. In addition, they were required to use unified
methods to insert the ureteroscope and tube into the
kidney pelvis. Specifically, after the administration of
general anaesthesia to the patient, the following proce-
dures were used to collect samples: (a) Disinfection of
the perineum area and the urinary meatus with iodophor
at least three times. (b) Insertion of a ureteroscope
(Richard Wolf, Knittligen, Germany) and withdrawal of
3mL of urine from the bladder (labelled Bladder A).
EQUC technique was used to detect the presence of liv-
ing bacteria (> 10 colony-forming units per mL) in blad-
der urine [23]. Patients with negative culture results
were excluded since previous studies demonstrated that
there are living bacteria in human bladders using EQUC
[22, 39]. (c) The residual urine was aspirated from the
bladder. The bladder was disinfected with iodophor
three times, and the ureteroscope was used to check
whether the bladder was completely full of iodophor.
The iodophor was maintained in the bladder for >30s
prior to aspiration. Subsequently, 3 mL of iodophor from
the last lavage was aspirated, and the EQUC technique
was also applied again to verify the presence of detect-
able bacteria in the newly formed urine after disinfection
[22]. If the bacteria in the bladder were not completely
killed, they could contaminate the urine samples in the
kidney pelvis, since kidney pelvis urine samples were
collected by cystoscopy via the bladder. Thus, patients
with positive culture results after bladder disinfection
were excluded from the study. (d) Sterile normal saline
was used to lavage the bladder three times and promote
discharge of iodophor. A 6—7F tube (New District Hua-
Sheng Medical Instrument Co., Ltd., Suzhou, China) was
placed into the ureteroscope, and both were gently
inserted into the kidney pelvis with stone(s). Urine (3
mL) was aspirated from the kidney pelvis, and the sam-
ples were labelled SKP (urine of stone kidney pelvis).
The ureteroscope and the tube were withdrawn. (e) Pro-
cedure ¢ was then repeated. Subsequently, a new ure-
teroscope was used, and another 6—7F tube was inserted
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into the ureteroscope. Both the ureteroscope and the
tube were inserted into the other kidney pelvis without
stone(s) of the same patients who provided the SKP
sample, and urine (3 mL) was aspirated. The sample was
labelled NSKP. NSKP samples were not collected from
patients in whom the ureter was too narrow to insert
the ureteroscope. (f) Newly formed urine (3 mL) in the
bladder was collected and labelled Bladder B.

Urine culture

The procedure of EQUC was as follows: 0.1 mL of urine
was inoculated onto 5% sheep blood agar plate (BAP),
chocolate and colistin, and nalidixic acid (CNA) agars,
streaked for quantitation, and incubated in 5% CO, at
35°C for 48 h. For a second set of BAPs, each was inocu-
lated with 0.1 ml of urine and incubated in room atmos-
phere at 35°C and 30 °C for 48 h. Next, 0.1 ml of urine
was inoculated onto each of two CDC anaerobic 5%
sheep blood agar plates and incubated in a Campy gas
mixture (5% O,, 10% CO,, 85% N) at 35 °C for 48 h. The
detection level was 10 CFU/ml, which was represented
by 1 colony on any of the plates. Finally, to detect any
bacterial species that may be present at quantities lower
than 10 CFU/ml, 1.0 ml of urine was placed in thioglyco-
late medium (BD BBL prepared tubed media) and incu-
bated aerobically at 35°C for 5days. If growth was
visible in the thioglycolate medium, the medium was
mixed, and a few drops were plated on BAP and CDC
anaerobic 5% sheep blood agar plates for isolation and
incubated aerobically and anaerobically at 35 °C for 48 h.
All of the plates and media used in the present study
were prepared by Comagal Microbial Technology Co.,
Ltd., China. All procedures of EQUC, bacterial isolation
and genomic DNA isolation were performed in a bio-
safety cabinet that was sterilized using chlorine disinfect-
ant, alcohol solution and ultraviolet irradiation in
advance. PCR for the amplification of the 16S rRNA
gene was carried out using universal primers; 27F as the
forward primer, and 1492 as the reverse primer. The
PCR band from each of the isolates was Sanger se-
quenced, and the bacterium was identified to the strain
level using BLAST. If the genome sequence of a bacter-
ium was identified as heterozygous three times or was
difficult to bind, the bacterium was defined as an un-
identified bacterium. The similarity of the bacterial se-
quence cutoff is 97% [40]. When the similarity of several
bacteria was above 97%, only the one with the highest
similarity was displayed.

An experienced nurse collected all blood samples as
follows: (a) The skin of the intravenous injection site
was disinfected with iodophor; (b) A needle was inserted
into the vessel, and blood (5 mL) was drawn; (c) The
stopper of a vacutainer containing ethylenediaminetetra-
acetic acid (EDTA) was removed, the blood was gently
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injected into the vacutainer, and the stopper was then
put back on the vacutainer.

Specimen processing and sequencing

The Bladder A, Bladder B, SKP, and NSKP samples were
immediately placed in a foam box with ice packages in
the operation room and then immediately transferred to
the lab in our hospital within 10 mins. A total of 1 mL
of urine was centrifuged at 20,000xg for 30 min, and the
resulting pellet was resuspended in 150 pL of lysis buffer
(BGI Inc., Shenzhen, China). As described in our previ-
ous study, Sera-Mag™ SpeedBeads Carboxylate-Modified
Magnetic Particles (GE Healthcare UK Ltd., Bucking-
hamshire, UK) were used to extract the DNA according
to the instructions provided by the manufacturer [21].
Buffy coat specimens were used for the isolation of
blood bacterial DNA [16], and the same method as that
used for the collection of the urine samples was applied.
The DNA concentration was detected using a Qubit
Fluorometer.

Bacterial DNA was amplified via polymerase chain re-
action with 35 cycles using the universal primers 341F
and 806R [41, 42], which target the variable V3-V4 re-
gions of the 16S rRNA gene. Amplicons were analysed
via gel electrophoresis and purified using a QIAquick gel
extraction kit (QIAGEN, Hilden, Germany). Products
were diluted to 10 ng/pL, and 5 pL of each sample was
pooled for PE300 sequencing using a HiSeq 2500 system
(Ilumina Inc., San Diego, CA, USA). DNA extraction
negative controls with normal saline, but no urine or
blood, were added to assess the contribution of extrane-
ous DNA from reagents. Moreover, negative controls
without template DNA (ie, no PCR product) were
added to be sequenced.

Bioinformatic analysis

Paired-end reads were assigned to the samples based on
their unique barcode and truncated by cutting off the
barcode and primer sequence. Paired-end reads were
merged using FLASH. Quality filtering of the raw tags
was performed under specific filtering conditions to ob-
tain high-quality clean tags according to fqtrim v0.94.
Chimeric sequences were filtered, and sequences with
>97% similarity were assigned to the same OTUs using
Vsearch v2.3.4. Representative sequences were chosen
for each OTU, and taxonomic data were then assigned
to each representative sequence using the Ribosomal
Database Project (RDP) 11.5, released on September 30,
2016, with a confidence value of 0.8 as the cutoff. The
sequences were used as queries to search against the Na-
tional Center of Biotechnology Information (NCBI) nu-
cleotide database (downloaded in April 2019). Samples
with < 30,000 clean tags were removed. Contaminant se-
quences (based on the negative controls) were removed

Page 10 of 12

using Decontam v1.2.1 and the threshold p<0.1 [43,
44].

The OTU abundance data were normalized using a
standard sequence number corresponding to the sample
with the smallest number of sequences. Alpha diversity
was used to analyse the complexity of species diversity
in each sample using QIIME v1.8.0 to calculate the
alpha-diversity index, including observed species, Chaol,
Shannon index, and Simpson’s index [45]. The observed
species is a count of the number of unique species that
occur in a sample or community. Chao 1 is a measure-
ment of the species expected in samples given all bacter-
ial species that are identified in the samples [46]. The
Shannon index is the number of unique species and
their relative abundances within a sample. The Simpson
index evaluates the relative abundances of all species in
a community [45]. Beta diversity analysis was used to
evaluate differences in species complexity between dif-
ferent types of samples [47]. To identify similarities
among the SKP, NSKP, Bladder A, Bladder B, and blood
samples, the samples were compared using a PCoA with
Bray—Curtis dissimilarity at the OTU level (R package
vegan) [47]. Permutational multivariate analysis of vari-
ance was applied to determine whether the differences
in the bacterial communities of the groups were signifi-
cant. Based on the OTU abundance, a Venn diagram
was used to display the number of microbial OTUs
shared by the five groups of samples. Patient characteris-
tics were collected by medical chart review.

Kidney function indicators

The kidney function estimators were measured on an
Olympus AU5421-04 (Beckman Olympus, USA) in the
clinical lab in our hospital. The normal range of blood
urea nitrogen (BUN) was defined as 2.5-7.1 mmol/L,
and blood urea acid (BUA) was 200—430 mmol/L in men
and 140-360 mmol/L in women. eGFR was expressed in
ml/min/1.73 m®. Patients were stratified into five groups
by baseline eGFR: Stage 1, eGFR >90; Stage 2, eGFR
60—89; Stage 3, eGFR 30-59; Stage 4, eGFR 15-29; and
Stage 5, eGFR < 15.

Statistical analysis

The data were not normally distributed. Thus, for pair-
wise comparisons of bacterial communities, White’s
nonparametric ¢-test was used [48]. For group compari-
sons of alpha indices, the Wilcoxon signed-rank test was
used. In addition, the correlation of the bacterial genera
in the SKP samples and patient characteristics was ana-
lysed using Pearson correlation analysis. All P-values
were corrected using the Benjamin—Hochberg false dis-
covery rate correction, and g-values < 0.05 were consid-
ered statistically significant [48].
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Additional file 1: Table S1. The 100 most common OTUs in the five
groups of samples. Abbreviation: operational taxonomic units, OTUs.

Additional file 2: Table S2. Bacteria in bladder urine detected by
EQUC and 16S rRNA sequencing Abbreviation: colony forming units, CFU.
2 The similarity of bacterial sequence cutoff is 97%. ° If the genome
sequence of a bacterium was identified as heterozygous three times or
was difficult to bind, the bacterium was defined as an unidentified
bacterium.

Additional file 3: Figure S1. Bacterial structure between groups of
males and females and pre menstrual and post menstrual females. PCoA
shows the bacterial composition clustering of the groups based on Bray-
Curtis distances, with each point corresponding to a patient and
coloured according to the sample type of male or female in the SKP
samples (A), pre menstrual and post menstrual females in the SKP
samples (B), male or female in Bladder A samples (C), and pre menstrual
and post menstrual females in the Bladder A samples (D). PERMANOVA
indicated that the bacterial communities between males and females
were not significantly different in the SKP samples (p > 0.05).

Additional file 4: Figure S2. Bacterial genera distribution between the
groups. The relative abundances of the major genera in males and
females in the SKP samples (A), in pre menstrual and post menstrual
females in the SKP samples (B), in males and females in the Bladder A
samples (C) and in pre menstrual and post menstrual females in the
Bladder A samples (D), as determined by 16S rDNA gene sequencing, in
the SKP and NSKP samples were more similar to the Bladder A samples
than the blood samples. “Others” includes all detected bacteria.

Abbreviations

SKP: Stone kidney pelvis; BUA: Blood uric acid; eGFR: Estimated glomerular
filtration rate; EQUC: Expanded quantitative urine culture; NSKP: Non-stone
kidney pelvis; NSKP: Non-stone kidney pelvis; OTUs: Operational taxonomic
units; PCoA: Principal coordinates analysis; SKP: Stone kidney pelvis

Acknowledgements
We gratefully acknowledge the volunteers who participated in our study and
the surgeons who collected the samples.

Authors’ contributions

NF,QZ Y Zand F L conceived and designed the study. Y W, Y W, P J, N F
and N Z collected the samples and patients’ data. F L, P J and N Z
conducted the urine culturing and bacterial DNA extraction. F L, TJand Y Z
generated the sequencing data, analyzed the data and carried out the
computational analysis and interpreted the data, and F L, N Fand Q Z
drafted the manuscript. The author(s) read and approved the final
manuscript.

Funding

This study was supported by the Special Project of Medical Innovation Team
in Jiangsu Province (grant number: CXTDA2017047). The funders had no role
in study design, data collection and interpretation, or the decision to submit
the work for publication.

Availability of data and materials

The sequencing data from this study were deposited in the GenBank
Sequence Read Archive under accession number SRP218817 (https.//www.
ncbi.nim.nih.gov/bioproject/PRINA561017/).

Ethics approval and consent to participate

The study protocol was approved by the Affiliated Wuxi Second Hospital,
Nanjing Medical University, Ethical Review Committee (ref. 201802), and
patients provided written informed consent for the use of their samples.

Consent for publication
Not applicable.

Page 11 of 12

Competing interests
There are no conflicts of interest.

Author details

'Wuxi School of Medicine, Jiangnan University, Wuxi 214122, China.
“Department of Urology, Affiliated Wuxi No.2 Hospital, Nanjing Medical
University, Wuxi 214002, China. 3LC-Bio Technology Co, Ltd, Hangzhou
310000, China. *State Key Laboratory of Food Science and Technology and
School of Food Science and Technology, Jiangnan University, Wuxi 214122,
China. *Basic Medical School, Jiangsu Vocational College of Medicine,
Yancheng 224000, China.

Received: 9 April 2020 Accepted: 1 October 2020
Published online: 05 November 2020

References

1.

Scales CD, Smith AC, Hanley JM, Saigal CS. Prevalence of kidney stones in
the United States. Eur Urol. 2012;62(1):160-5.

Fink HA, Wilt TJ, Eidman KE, Garimella PS, MacDonald R, Rutks IR, Brasure M,
Kane RL, Ouellette J, Monga M. Medical management to prevent recurrent
nephrolithiasis in adults: a systematic review for an American College of
Physicians Clinical Guideline. Ann Intern Med. 2013;158(7):535.

Khan SR, Pearle MS, Robertson WG, Gambaro G, Canales BK, Doizi S, Traxer
O, Tiselius H. Kidney stones. Nat Rev Dis Primers. 2016;2(1):1-50.

Taylor EN. Dietary factors and the risk of incident kidney stones in men:
new insights after 14 years of follow-up. J Am Soc Nephrol. 2004;15(12):
3225-32.

Ticinesi A, Milani C, Guerra A, Allegri F, Lauretani F, Nouvenne A, Mancabelli
L, Lugli GA, Turroni F, Duranti S, et al. Understanding the gut-kidney axis in
nephrolithiasis: an analysis of the gut microbiota composition and
functionality of stone formers. GUT. 2018;67(12):2097-106.

Stern JM, Moazami S, Qiu Y, Kurland |, Chen Z, Agalliu |, Burk R, Davies KP.
Evidence for a distinct gut microbiome in kidney stone formers compared
to non-stone formers. Urolithiasis. 2016;44(5):399-407.

Tang R, Jiang Y, Tan A, Ye J, Xian X, Xie Y, Wang Q, Yao Z, Mo Z. 165 rRNA
gene sequencing reveals altered composition of gut microbiota in
individuals with kidney stones. Urolithiasis. 2018;46(6):503-14.

Wolfe AJ, Brubaker L. “Sterile urine” and the presence of bacteria. Eur Urol.
2015,68(2):173-4.

Karstens L, Asquith M, Caruso V, Rosenbaum JT, Fair DA, Braun J, Gregory
WT, Nardos R, McWeeney SK. Community profiling of the urinary
microbiota: considerations for low-biomass samples. Nat Rev Urol. 2018;
15(12):735-49.

Gottschick C, Deng Z, Vital M, Masur C, Abels C, Pieper DH, Wagner-Dobler I.
The urinary microbiota of men and women and its changes in women
during bacterial vaginosis and antibiotic treatment. Microbiome. 2017;5(1):
15-99.

Pearce MM, Hilt EE, Rosenfeld AB, Zilliox MJ, Thomas-White K, Fok C,
Kliethermes S, Schreckenberger PC, Brubaker L, Gai X, et al. The female
urinary microbiome: a comparison of women with and without urgency
urinary incontinence. MBIO. 2014;5(4).e1214-83.

Shrestha E, White JR, Yu S, Kulac |, Ertunc O, De Marzo AM,
Yegnasubramanian S, Mangold LA, Partin AW, Sfanos KS. Profiling the
urinary microbiome in men with positive versus negative biopsies for
prostate cancer. J Urol. 2018;199(1):161-71.

Dornbier RA, Bajic P, Van Kuiken M, Jardaneh A, Lin H, Gao X, Knudsen B,
Dong Q, Wolfe AJ, Schwaderer AL. The microbiome of calcium-based
urinary stones. Urolithiasis. 2019; [Epub ahead of print].

Gosiewski T, Ludwig-Galezowska AH, Huminska K, Sroka-Oleksiak A,
Radkowski P, Salamon D, Wojciechowicz J, Kus-Slowinska M, Bulanda M,
Wolkow PP. Comprehensive detection and identification of bacterial DNA in
the blood of patients with sepsis and healthy volunteers using next-
generation sequencing method - the observation of DNAemia. Eur J Clin
Microbiol Infect Dis. 2017;36(2):329-36.

Paissé S, Valle C, Servant F, Courtney M, Burcelin R, Amar J, Lelouvier B.
Comprehensive description of blood microbiome from healthy donors
assessed by 16S targeted metagenomic sequencing. Transfusion. 2016;56(5):
1138-47.

Shah NB, Allegretti AS, Nigwekar SU, Kalim S, Zhao S, Lelouvier B, Servant F,
Serena G, Thadhani Rl, Raj DS, et al. Blood microbiome profile in CKD: a
pilot study. Clin J Am Soc Nephrol. 2019;14(5):692-701.


https://doi.org/10.1186/s12866-020-01992-4
https://doi.org/10.1186/s12866-020-01992-4
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA561017/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA561017/

Liu et al. BMC Microbiology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2020) 20:336

Thorleifsson G, Holm H, Edvardsson V, Walters GB, Styrkarsdottir U,
Gudbjartsson DF, Sulem P, Halldorsson BV, de Vegt F, D'Ancona FC, et al.
Sequence variants in the CLDN14 gene associate with kidney stones and
bone mineral density. Nat Genet. 2009;41(8):926-30.

Foley KF, Boccuzzi L. Urine calcium: laboratory measurement and clinical
utility. Lab Med. 2010;41(11):683-6.

Curhan GG, Taylor EN. 24-h uric acid excretion and the risk of kidney stones.
Kidney Int. 2008;73(4):489-96.

Laube N, Pullmann M, Hergarten S, Schmidt M, Hesse A. The alteration of
urine composition due to stone material present in the urinary tract. Eur
Urol. 2003;44(5):595-9.

Liu F, Zhang N, Jiang P, Zhai Q, Li C, Yu D, Wu Y, Zhang Y, Lv L, Xu X, et al.
Characteristics of the urinary microbiome in kidney stone patients with
hypertension. J Transl Med. 2020;18(1).

Thomas-White K, Forster SC, Kumar N, Van Kuiken M, Putonti C, Stares MD,
Hilt EE, Price TK, Wolfe AJ, Lawley TD. Culturing of female bladder bacteria
reveals an interconnected urogenital microbiota. Nat Commun. 2018;9(1):
1557.

Hilt EE, McKinley K, Pearce MM, Rosenfeld AB, Zilliox MJ, Mueller ER,
Brubaker L, Gai X, Wolfe AJ, Schreckenberger PC. Urine is not sterile: use of
enhanced urine culture techniques to detect resident bacterial flora in the
adult female bladder. J Clin Microbiol. 2014;52(3):871-6.

Price TK, Hilt EE, Thomas White K, Mueller ER, Wolfe AJ, Brubaker L. The
urobiome of continent adult women: a cross-sectional study. BJOG. 2019;
[Epub ahead of print].

Thomas-White KJ, Kliethermes S, Rickey L, Lukacz ES, Richter HE, Moalli P,
Zimmern P, Norton P, Kusek JW, Wolfe AJ, et al. Evaluation of the urinary
microbiota of women with uncomplicated stress urinary incontinence. Am J
Obstet Gynecol. 2017,216(1):51-5.

Kowarsky M, Camunas-Soler J, Kertesz M, De Vlaminck I, Koh W, Pan W,
Martin L, Neff NF, Okamoto J, Wong RJ, et al. Numerous uncharacterized
and highly divergent microbes which colonize humans are revealed by
circulating cell-free DNA. Proc Natl Acad Sci U S A. 2017;114(36):9623-8.
You YA, Yoo JY, Kwon EJ, Kim YJ. Blood microbial communities during
pregnancy are associated with preterm birth. Front Microbiol. 2019;10:1122.
Xie J, Huang JS, Huang XJ, Peng JM, Yu Z, Yuan YQ, Xiao KF, Guo JN.
Profiling the urinary microbiome in men with calcium-based kidney stones.
BMC Microbiol. 2020,20(1):41.

Chen J, Zhao J, Cao Y, Zhang G, Chen Y, Zhong J, Huang W, Zeng J, Wu P.
Relationship between alterations of urinary microbiota and cultured
negative lower urinary tract symptoms in female type 2 diabetes patients.
BMC Urol. 2019;19(1):13-78.

Colas L, Mongodin EF, Montassier E, Chesneau M, Guerif P, Hittle L, Giral M,
Bromberg JS, Brouard S. Unique and specific Proteobacteria diversity in
urinary microbiota of tolerant kidney transplanted recipients. Am J
Transplant. 2020;20(1):145-58.

Soriano F, Ponte C, Santamaria M, Castilla C, Fernandez RR. In vitro and in
vivo study of stone formation by Corynebacterium group D2
(Corynebacterium urealyticum). J Clin Microbiol. 1986;23(4):691-4.

Soriano F, Ponte C, Santamaria M, Aguado JM, Wilhelmi |, Vela R, Delatte LC.
Corynebacterium group D2 as a cause of alkaline-encrusted cystitis: report
of four cases and characterization of the organisms. J Clin Microbiol. 1985;
21(5):788-92.

Madani A, Kermani N, Ataei N, Esfahani S, Hajizadeh N, Khazaeipour Z, Rafiei
S. Urinary calcium and uric acid excretion in children with vesicoureteral
reflux. Pediatr Nephrol. 2012;27(1):95-9.

Kwak C, Jeong BC, Ku JH, Kim HH, Lee JJ, Huh CS, Baek YJ, Lee SE.
Prevention of nephrolithiasis by Lactobacillus in stone-forming rats: a
preliminary study. Urol Res. 2006;34(4):265-70.

Stanislawski M, Dabelea D, Lange L, Wagner B, Lozupone C. Gut microbiota
phenotypes of obesity. NPJ Biofilms Microbiomes. 2019;5:18.

Khasriya R, Sathiananthamoorthy S, Ismail S, Kelsey M, Wilson M, Rohn JL,
Malone-Lee J. Spectrum of bacterial colonization associated with urothelial
cells from patients with chronic lower urinary tract symptoms. J Clin
Microbiol. 2013;51(7):2054-62.

Gomez-Arango LF, Barrett HL, McIntyre HD, Callaway LK, Morrison M, Nitert
MD. Contributions of the maternal oral and gut microbiome to placental
microbial colonization in overweight and obese pregnant women. Sci Rep.
2017;7(1):2860.

Koren O, Spor A, Felin J, Fak F, Stombaugh J, Tremaroli V, Behre CJ, Knight
R, Fagerberg B, Ley RE, et al. Human oral, gut, and plague microbiota in

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 12 of 12

patients with atherosclerosis. Proc Natl Acad Sci U S A. 2011;108 Suppl
1(Supplement_1):4592-8.

Price TK, Dune T, Hilt EE, Thomas-White KJ, Kliethermes S, Brincat C,
Brubaker L, Wolfe AJ, Mueller ER, Schreckenberger PC. The clinical urine
culture: enhanced techniques improve detection of clinically relevant
microorganisms. J Clin Microbiol. 2016;54(5):1216-22.

Mulet M, Lalucat J, Garcia-Valdes E. DNA sequence-based analysis of the
Pseudomonas species. Environ Microbiol. 2010;12(6):1513-30.

Jung CE, Chopyk J, Shin JH, Lukacz ES, Brubaker L, Schwanemann LK, Knight
R, Wolfe AJ, Pride DT. Benchmarking urine storage and collection conditions
for evaluating the female urinary microbiome. Sci Rep. 2019,9(1).

Karstens L, Asquith M, Davin S, Stauffer P, Fair D, Gregory WT, Rosenbaum
JT, McWeeney SK, Nardos R. Does the urinary microbiome play a role in
urgency urinary incontinence and its severity? Front Cell Infect Microbiol.
2016;6:78.

Davis NM, Proctor DM, Holmes SP, Relman DA, Callahan BJ. Simple statistical
identification and removal of contaminant sequences in marker-gene and
metagenomics data. Microbiome. 2018,6(1):226.

Karstens L, Asquith M, Davin S, Fair D, Gregory WT, Wolfe AJ, Braun J,
McWeeney S. Controlling for contaminants in low-biomass 16S rRNA gene
sequencing experiments. mSystems. 2019;4(4):¢219-90.

Emily B, John P, Terry J. Bioinformation and ‘omic approaches for
characterization of environmental microorganisms. In: Environmental
microbiology. 3rd ed. Salt Lake City: Academic Press; 2015. p. 483-505.

Kim B, Shin J, Guevarra RB, Lee JH, Kim DW, Seol K, Lee J, Kim HB, Isaacson
RE. Deciphering diversity indices for a better understanding of microbial
communities. J Microbiol Biotechn. 2017;27(12):2089-93.

Goodrich JK, Di Rienzi SC, Poole AC, Koren O, Walters WA, Caporaso JG,
Knight R, Ley RE. Conducting a microbiome study. CELL. 2014;158(2):250-62.
Livanos AE, Greiner TU, Vangay P, Pathmasiri W, Stewart D, McRitchie S, Li H,
Chung J, Sohn J, Kim S, et al. Antibiotic-mediated gut microbiome
perturbation accelerates development of type 1 diabetes in mice. Nat
Microbiol. 2016;1(11).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Clinical parameters and expanded quantitative urine culture (EQUC)
	Sequence-based characterization
	Bacterial and genus distributions among groups
	Bacterial isolation with EQUC and taxa with 16S rRNA sequencing
	Associations between the urinary microbiome in the SKP samples and patient characteristics

	Discussion
	Conclusions
	Methods
	Patient selection and sample size
	Specimen collection
	Urine culture
	Specimen processing and sequencing
	Bioinformatic analysis
	Kidney function indicators
	Statistical analysis

	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

