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Abstract
Objectives To prospectively examine the changes in microbiota within the urinary tract after transrectal prostate biopsy.
Materials and methods Data, urine, and fecal samples prospectively collected from 30 patients before and after transrectal
biopsy of the prostate. DNA was extracted from urine collected after a prostate massage before and after prostate biopsy, and
from fecal samples collected before the biopsy. We sequenced DNA using the bacterial 16S rRNA high-throughput next-
generation sequencing and analyzed changes in microbial profiles for taxonomy comparison between samples.
Results Pre-biopsy urinary microbial profiles contained Lactobacillus and Staphylococcus bacteria. Post-biopsy urinary
microbial profiles included lower levels of Lactobacillus and higher levels of Prevotella bacteria. Bacteroides bacteria were
predominant in fecal samples. We identified two clustering patterns containing both pre- and post-biopsy urine samples.
Cluster 1 had a urine cluster pattern that was distinct from fecal, whereas cluster 2 was similar to fecal. We observed two
different modes of microbial changes, 11 patients had both of their urine (pre and post) samples associated with a particular
cluster group, whereas others (n= 15) had movement between clusters 1 and 2 following the biopsy procedure. Four
patient’s post-biopsy urine microbial profiles clustered very tightly to the fecal microbial profile.
Conclusions We describe two models of change in the urinary tract microbiota after prostate biopsy using 16S RNA gene
analysis. Further research to determine what controls changes in the urinary microbiota after prostate biopsy can help us
understand why some patients are more susceptible to develop post-biopsy infections.

Introduction

Infections are a serious and common complication of
prostate biopsy. The known infectious complication rates
associated with prostate cancer diagnosis range from 0.1%
to 7%, depending on the antimicrobial agent used [1]. Even
with prophylactic antibiotics, 5% of men undergoing

prostate biopsy will develop asymptomatic bacteriuria and
2–3% will develop symptomatic urinary tract infection [2].
Also, the overall risk of post prostate biopsy infections has
risen over the past decade [2, 3]. The American Urological
Association introduced the directive to compile a White
Paper on incidence, prevention, and treatment of compli-
cations related to prostate needle biopsy. This paper brought
to the community’s attention the escalating danger of post
prostate biopsy infections, and the need for more intensive
research to understand the mechanism of these infections
and help decrease their incidence in the urologic population.

Our understanding of the microbial ecology of the
prostate continues to be limited. New evidence indicates
that the human urinary tract contains microbial commu-
nities; however, the role of these communities in urinary
health has not been elucidated. The recent detection of
bacterial DNA [4, 5], and live bacteria in urine from patients
with negative urine cultures based on standard urine culture
protcols [6, 7] indicates that the urinary tract possesses its
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unique microbiota. Research into the roles of these bacterial
communities in urinary health and disease requires sensitive
and specific detection and classification. Despite the sig-
nificant advances in clinical microbiology, many urinary
bacteria cannot be cultured under in-vitro laboratory con-
ditions. Thus, culture-independent methods for bacterial
detection, such as high-throughput sequencing of the 16S
ribosomal RNA (rRNA) gene, have emerged as the pre-
dominant research technique, especially as they become
increasingly accessible due to declining sequencing cost
and improved bioinformatics tools. 16S rRNA gene
sequencing is commonly used to identify, classify, and
provide the relative abundance of microbes within complex
biological mixtures. The 16S rRNA gene is a highly con-
served component of the transcriptional machinery of pro-
karyotic DNA and thus is highly suited as a target gene for
sequencing DNA in samples containing up to thousands of
different species. Universal PCR primers can be designed to
target the conserved regions of 16S making it possible to
amplify the gene in a wide range of various microorganisms
from a single sample. Conveniently, the 16S rRNA gene
consists of both conserved and variable regions. Although
the conserved region makes universal amplification possi-
ble, sequencing the variable regions allows discrimination
between specific different microorganisms [8].

In this study, we utilized 16S rRNA gene sequencing to
characterize the microbial environment of the lower rectum
and urogenital tract from rectal swabs and first voided urine,
respectively, obtained after a prostate massage from men
before and 2 weeks after prostate biopsy. Our goal was to
identify the differences in the frequency and abundance of
bacteria present in the urinary tract before and after a
prostate biopsy that may have happened through bacterial
introduction.

Methods

Patient recruitment and biopsy method

The Experimental group (n= 40) consists of patients
scheduled to undergo magnetic resonance imaging (MRI)-
targeted prostate biopsy during the management of sus-
pected prostate cancer. Patients were used as their control
because we obtained the specimens before and after the
biopsy. Patients enrolled were white, non-Hispanic males,
> 18 years of age, residing in small metro and rural com-
munities, and were able to provide informed consent. We
excluded patients who received antibiotics within 30 days
before the biopsy and administered the pre-biopsy anti-
biotics after collecting the urine and fecal samples for this
study. Prophylactic antibiotics consisted of intravenous
cephalosporin. The MRI-targeted biopsy of the prostate

included 2–4 targeted biopsy of the index lesion in addition
to mapping biopsies of the rest of the prostate. No alcohol
or other antiseptics were used to clean the biopsy needle in
between obtaining individual cores.

Sample collection and processing

Under institutional review board approved protocol, and
after an informed consent, a rectal swab and first voided
urine were collected after digital rectal examination and
prostate massage immediately before and 2 weeks after
transrectal ultrasound-guided prostate biopsy. We collected
urine after the prostate massage to collect expressed prostate
secretions and obtained a similar sample when patients
presented for follow-up on pathology results within 2 weeks
after the biopsy date. The rectal swab was collected to allow
for comparing the results of examining the urine microbial
species with the structure of the rectal bacterial
communities.

Rectal swabs processing

We gathered rectal swabs by inserting a sterile Dacron swab
into the rectum (to a depth of < 1 inch); the swab is then
rotated for 360 degrees while scrapping the rectal wall for
no more than 10 s to avoid discomfort to the patient. Once
collected, the swab tip was snapped off into a plastic tube
containing 1 mL of sterile saline. The tube was tightly
capped and placed into refrigeration upon completion of the
urological examination to store the specimen until trans-
ferred from the clinic to the research laboratory.

Urine samples processing

First voided urine samples after digital rectal examination
were placed in a sterile 15 mL conical, tightly capped, and
put into refrigeration after collection then transferred from
the clinic to the research laboratory.

Data collection

We recorded patients and disease characteristics in a pro-
tected database. No identifiers remained on samples trans-
ferred to the laboratory or collaborators at the Roy J. Carver
Biotechnology Center at the University of Illinois at
Urbana, IL.

Next-generation sequencing (NGS) of bacterial
phylotypes

We defined bacterial phylotype profiles from urine and
rectal samples. DNA extraction was performed on frozen
urine and fecal samples using the MoBio Ultraclean Soil Kit
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(Qiagen, Valencia, CA) using an MP FastPrep (MP Bio-
medicals, Solon, OH) for 40 s for rapid cell lysis. Extracted
DNA was quantified using High Sensitivity Qubit (Ther-
mofisher, Carlsbad, CA) and 15 ng of DNA was PCR
amplified using specific barcoded primers around the
V3–V5 16S rRNA, using protocols established by Jump-
start Consortium Human Microbiome Project Data Gen-
eration Working Group. Amplified samples were then
sequenced using the 16S rRNA high-throughput next-gen-
eration Illumina MiSeq (250 PE, San Diego, CA) sequen-
cing platform. A total of 52,100,366 sequence reads were
generated and suitable for further analysis. Sequence reads
were aligned using the Illinois-Mayo Taxon Operations for
RNA Dataset Organization (IM_TORNADO), and paired-
end reads were used for determination of operational tax-
onomical units (OTUs), as previously described [9]. OTUs
were clustered at 97% sequence similarity and classified
using NCBI and the RDP reference databases. The OTUs
were then analyzed using QIIME software for taxonomy
comparison between biological samples [10].

Statistical analyses

After sequence processing, rarefaction analysis was per-
formed to ensure evenness among the sequences analyzed.
Samples that did not fit our minimum rarefaction level of
10,000 sequences per sample were dropped from further
study resulting in the removal of 10 patients from our
analyses. At 10,000 sequences per sample, rarefaction
curves plateaued demonstrating that sufficient sequencing
was conducted to characterize bacterial communities within
the samples (figure - supplement). Specific investigations on
the remaining 30 patients included, alpha-diversity, beta-

diversity was accessed using both weighted and unweighted
UNIFRAC values and taxonomical summary. We measured
differences between sample alpha-diversity by Shannon
index scores and by Mann–Whitney U-test, and we set a
significance level of p < 0.05 as our threshold for sig-
nificance. To analyze microbial community types within the
urine samples collected pre- and post-biopsy and rectal
swabs collected before the prostate biopsy, we performed
nonmetric dimensional scaling (NMDS). Principal compo-
nent analysis (PCoA) is a type of NMDS that groups
samples based on their bacterial community similarities and
separates them by their differences.

Results

Our goal was to identify alterations in the urinary bacterial
species present before and after prostate biopsy and com-
pare these with bacterial species that we found in rectal
swabs within our study population. Forty patients were
enrolled, but the complete set of samples was available for
30 patients in the final analysis. Patients were all white,
37.8% were smokers, 18.4% were diabetic, and 45% had a
prostate cancer diagnosis after the biopsy. Only one patient
developed a post-biopsy infection.

Alteration of microbial community dynamics
induced by prostate biopsy

Our analysis of the urine samples from patients undergoing
prostate biopsies indicated two distinctive clusters both
containing urine samples collected pre-or post-biopsy evi-
dent by distribution of orange (pre) and red (post) sample

Fig. 1 Urine samples, pre (orange) and post (red), and fecal samples
(blue) were collected from patients receiving prostate biopsies. Sample
bacterial community profiling by principal component analysis
(PCOA) was conducted to determine variables driving community
similarities or differences. a PCOA clustering of samples by sample

type and time of collection. b PCOA clustering of only urine samples
(pre- and post) by patient ID. Dominant clustering groups are circled
and numbered. Triangles in (b) indicate patients that shifted clustering
groups from pre vs post collection
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types in both cluster 1 and cluster 2 (Fig. 1a). Fecal samples
primarily dominated the cluster group 3, although we did
have some post-biopsy urine samples cluster with fecal
samples. Cluster 1 had a pattern that was very distinct from
the fecal samples, whereas cluster 2 was spatial closer to the
fecal samples, indicating similarity of urine and fecal
microbial profiles in a subset of patients. To determine if the
time of urine sample collection (pre vs. post) influenced
bacterial community types, we then classified community
types within each patient and found three different patterns
of urine sample clustering (Fig. 1b). About one-third of our
patients (n= 11) had both of their urine samples associated
with a particular cluster group (cluster 2= 8 patients, cluster
1= 3 patients), whereas other patients (n= 15) had uni-
directional movement from cluster 1 to cluster 2 following
the biopsy procedure, indicated by triangles. Additionally,
we detected that some post-biopsy urine samples (cluster 3)
did fall within the fecal cluster group, unlike pre-biopsy
urine samples, indicating that some patients (n= 4) may
have had an introduction of fecal bacterial species to the
urogenital canal due to the biopsy procedure. The only
patient who developed a post-biopsy infection fell within
this group.

Bacterial taxonomical diversity

Our analysis showed that urine bacterial abundance profiles
were altered between pre- and post-biopsy urine samples
(Fig. 2). Examination of genera identified within each
sample type recognized that the phylotypes that were dif-
ferent comparing pre- and post-biopsy urine samples were
Veilonella, Streptococcus, Lactobacillus, Prevotella, and
Propionibacterium (gray boxes). We also found an increase
of Faecalibacetium, which was abundant in fecal samples,

in post-biopsy urine samples (bordered box). Further ana-
lysis of bacterial diversity was performed to detect unique
and shared bacterial species across sample type (Fig. 3). Out
of the 157 total OTUs identified, we found 16 unique OTU
among both pre- and post-biopsy urine samples whereas
fecal samples had 25 different OTU. Comparison of shared
OTU between samples recognized, 16 shared OTU among
pre- and post-biopsy samples, 4 shared OTU among pre-
biopsy urine and fecal samples, and 18 shared OTU among
post-biopsy urine and fecal samples (Fig. 3a). Measuring
the degree of diversity between sample types, we found that
there was a significant difference in diversity indices among
each sample type comparison (Fig. 3b). Together these data
indicate that post-biopsy urine samples were more similar to
fecal samples than pre-biopsy urine samples. This similarity
between post-biopsy urine and fecal samples suggest that
the puncture of the rectal wall during the prostate biopsy
could lead to the introduction of the rectal bacterial species
to the urinary tract (Fig. 3a; comparison of pre-urine/fecal
with post-urine/fecal). The introduction of these bacterial
species from the rectal wall could then increase the sus-
ceptibility of these patients to the development of post-
biopsy urinary tract infections and sepsis, and necessitate
tailored antibiotic treatment.

Discussion

We report here for the first time from a prospective study on
the changes in genitourinary microbial environment induced
by transrectal ultrasound-guided prostate biopsy using NGS
of fecal and urinary samples. We found that there were two
unique clustering patterns in the urine samples of our patient
population before prostate biopsy. These clustering patterns

Fig. 2 Level 6 taxonomic summary of relevant abundance of bacterial
species within each sample type. Most abundant species are high-
lighted in the taxonomical legend and percent of abundance was

reported for each sample type. Bordered box highlights bacterial
species normally found only in fecal samples but elevated in post-urine
samples
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are altered after the biopsy due to a shift of the taxonomical
abundance levels between pre- and post-biopsy urine sam-
ples, and this alteration may be due to the increased bacterial
diversity in urine samples collected post-biopsy through the
introduction of bacterial genera similar to those identified in
fecal samples. Overall, these data support fecal bacterial
introduction into the prostate during a prostate biopsy in
many, but not all, patients and that we need further analysis
to understand the factors that govern the introduction of
microbes during urologic surgical procedures. Our results as
well suggest a potential role for more advanced bacterial
detection methods in developing a better understanding of
the factors that determine changes in urinary microbial
environment induced by invasive procedures.

Our results overlap with recent research using NGS
though there were differences in the quantities of specific
strains between the groups, which is what we expect since
microbial community features are strongly related to the
local environment and patients samples collected from dif-
ferent areas may have different microbiotas [11]. Addi-
tionally, age-related changes due to lifestyle, comorbidities,
medications, and the reduction in immune function have
been shown to change both gut and urinary microbiotas [9].
It is interesting to notice the change in urinary microbial
features after the biopsy and compare the percentages of the
predominant bacteria in the urine to fecal microbial ele-
ments. Specifically, bacteroidales prevotella bacteria, the
second most dominant bacteria in the fecal microbial
environment, doubled its predominance in urinary post-

biopsy samples, whereas Bacteroidales bacteroides, although
paramount in the urinary microbial climate, maintained the
same levels in post-biopsy urine when compared with pre-
biopsy urinary specimens. Both prevotella and bacteroides
bacteria have been shown before to be well represented in the
fecal microbiota of healthy American individuals indicating
the validity of our analysis [9]. Anaerobes have also been
shown to increase in urinary samples after urologic proce-
dures (endoscopic) but not after prostate biopsy. Mohanty
evaluated 300 patients undergoing transurethral instru-
mentation (TUI) [12]. The authors cultured urine from
patients for aerobic and anaerobic organism preoperatively
and postoperatively. They then documented an increase in
the incidence of anaerobic UTI from 2% preoperatively to
14% postoperatively following TUI. The authors concluded
that TUI increases the frequency of anaerobic UTI. As far as
prostate biopsy is concerned, Shivde et al. studied the pre-
valence of aerobic and anaerobic bacteria in patients
undergoing transrectal ultrasound-guided biopsies of the
prostate and detected post-procedure bacteriuria due to
anaerobic bacteria in only 4.3% of the post-biopsy mid-
stream urine samples [13]. Our study is the first to use high-
throughput sequencing to characterize the changes in urin-
ary microbial features after prostate biopsy and document
increased levels of anaerobic bacteria. The superior sensi-
tivity of our methods could explain the difference in our
results when compared with those of Shivde et al. Envir-
onmental and patient-specific characteristics could also
account for these differences.

Fig. 3 Diversity analysis of
operational taxonomical unit
(OTU) identified in each sample
type. a Identification of unique
(top) and shared (bottom) OTU
among sample types. b Shannon
index analysis of sample
diversity comparison among
sample types. Significance is
denoted by *p < 0.05
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It is important to remember that we performed our study
on healthy individuals from the United States Midwest
region who did not develop a post-biopsy infection. We are
therefore characterizing the changes in the nondiseased
microbial environment with this urologic procedure. The
relative health of the study population decreases the impact
of comorbid urinary conditions or blood profiles on the
microbiota clusters. The importance of this work is that it is
using a cutting-edge method to characterize the process of
bacterial introduction, which is considered the primary
mechanism behind post-transrectal ultrasound biopsy sepsis.
So far, the evidence supporting such introduction has
depended mainly on studies that showed an increased rate of
bacteremia (16–75%) and bacteriuria (36–53%) immediately
post-procedure in the absence of prophylactic antibiotics
[14]. It is also important to realize that although Escherichia
coli (E. coli) is the most common cause of post-biopsy
infections that organism is very rare in the lower gastro-
intestinal tract. In fact, the large intestine contains a luxuriant
microflora typically with total concentrations of 10 bacteria/
g [9] of stool with anaerobes such as Bacteroides, anaerobic
streptococci, and clostridia outnumber facultative anaerobes
such as E. coli by a factor of 1000 [15]. These facts explain
why, in this study, E. coli was not detected in the fecal
microbial environment and was not a member of the process
of introduction that we have shed light on with this
experiment. It is plausible that patients who develop post-
biopsy infection are influenced by factors that select low
levels of E. coli to move across the rectal wall similar to the
mechanisms that increase the susceptibility of certain indi-
viduals to recurrent infections by E. coli that ascends
through the urethra into the bladder aided by special surface
proteins [16]. It is also possible that these individuals have
an altered fecal microbiota to start with higher levels of
E. coli. Therefore, modifications in the technique of prostate
biopsy could decrease the risk of infection but may not
abolish it entirely in patients who are predisposed to
develop this complication after prostate biopsy.

Limitations of this study include the geographic location
and homogeneity of study participants. However, previous
studies did show a standard pattern of fecal microbiota
shared among inhabitants of sizeable geographic area
(countries) not living very close to each other [17]. The
sample size for this study is also small, which may affect the
generalizability of the results, but our sample size is
acceptable given the nature of the homogeneous population
of our patients for this exploratory research and comparable
to the published research on the subject [11, 18]. In addi-
tion, a single dose of prophylactic antibiotics was given to
all patients before performing the biopsy. Since even a
single dose of antibiotics could alter the urinary microbiome
for a duration of a few weeks, and since long-term follow-
up data on the microbiome of the study cohort is not

available to us, there is no way to rule out that the effect
seen is a result of the antibiotic treatment alone. Therefore,
we recommend that future study designs in the same field
include serial sample collections to investigate whether the
changes we saw in the microbiome are long lasting and thus
more significant. Finally, the same population has been used
for a different paper that utilizes similar analysis to look at
the difference in the microbiome between patients who
received the diagnosis of prostate cancer and those who did
not. We made sure there is no overlap in the results pre-
sented in these two papers. Future research should aim at
understanding the factors that control bacterial introduction
with the aid of NGS in patients who developed infections
after ultrasound-guided biopsy of the prostate to compare
with the current results of healthy patients. Such research
would also examine the durability of the change in the
urinary microbial environment induced by prostate biopsy
to identify an “at risk” period within which a repeat biopsy
could increase the risk for biopsy-induced infections.

Conclusion

This study characterizes changes in the urinary microbiome
after biopsy of the prostate. It also supports fecal bacterial
introduction into the urinary tract during prostate biopsy in
some patients.
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