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Purpose: Chronic prostatitis/chronic pelvic pain syndrome is a common disorder
with heterogeneous etiologies and clinical features. The gut microbiome is a
metabolically active ecosystem linked to systemic conditions (gut-brain axis).
We hypothesize that the gut microbiome will show alterations between patients
with chronic pelvic pain syndrome and controls.

Materials and Methods: We identified patients with chronic pelvic pain syn-
drome and controls who were asymptomatic or only had urinary tract symptoms.
After rectal examination the soiled glove tip was immersed in sterile saline
and stored on ice. Symptom severity was measured with the NIH-Chronic
Prostatitis Symptom Index and clinical phenotype with UPOINT. Total DNA
was extracted from the pellet of samples. MiSeq sequencing of bacterial specific
16S rRNA capture was performed. Taxonomic and bioinformatic analyses were
performed using principal coordinate analysis, QIIME and LEfSe algorithms.

Results: There were 25 patients and 25 controls with complete data. Mean age
was similar (chronic pelvic pain syndrome 52.3 vs control 57.0 years, p¼0.27).
For patients with chronic pelvic pain syndrome median symptom duration was
48 months, mean Chronic Prostatitis Symptom Index was 26.0 and mean
UPOINT domain was 3.6. Three-dimensional UniFrac principal coordinate
analysis revealed tighter clustering of controls in a space distinct from the wider
clustering of cases (p¼0.001) with cases having decreased alpha diversity
(p¼0.001). Compared to controls, 3 taxa were overrepresented in cases and
12 were underrepresented, eg Prevotella.

Conclusions: Patients with chronic pelvic pain syndrome have significantly less
gut microbiome diversity which clusters differently from controls, and robustly
lower counts of Prevotella, with separation sufficient to serve as a potential
biomarker. The gut microbiome may serve as disease biomarker and potential
therapeutic target in chronic pelvic pain syndrome.
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CHRONIC prostatitis/chronic pelvic
pain syndrome is a common condition
with a significant impact on quality
of life.1 This clinically defined syn-
drome has a multifactorial etiology

and is best treated with multimodal
therapy.2 This heterogeneous condi-
tion is often associated with systemic
symptoms including irritable bowel
disease, fibromyalgia, pelvic muscle

Abbreviations

and Acronyms

CP ¼ chronic prostatitis

CPPS ¼ chronic pelvic pain
syndrome

CPSI ¼ Chronic Prostatitis
Symptom Index

GI ¼ gastrointestinal

LDA ¼ linear discriminant
analysis

NIH ¼ National Institutes of
Health

OTU ¼ operational taxonomic unit

PCoA ¼ principal coordinate
analysis

UPOINT ¼ urinary, psychosocial,
organ specific, infection,
neurologic/systemic, tenderness
of skeletal muscles
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dysfunction and psychological symptoms such as
stress and catastrophizing.3 Furthermore, there are
no validated biomarkers to diagnose or phenotype
CP/CPPS.

Prior studies have examined urine and prostatic
fluid in patients with CP/CPPS using identification
of bacteria by 16S-rRNA technology without the
clear identification of a “smoking gun” pathogen or
pattern of microbiome diversity unique to the con-
dition.4 The gut microbiome is an attractive target
to examine in these patients. The diversity of mi-
croorganisms and the relative prevalence of certain
genera have shown distinct patterns in several
disease states, including those in the GI tract such
as irritable bowel syndrome5 and those in other
systems. In particular a brain-gut axis has been
identified with bidirectional signaling between the
brain and gut microbiome6 influencing psychologi-
cal stress7 and pain perception.8 Furthermore, most
patients with CP/CPPS have been treated with
multiple and unnecessary prolonged courses of an-
tibiotics which can have a direct effect on the gut
microbiome.9

Therefore, we studied the gut microbiome in pa-
tients with CP/CPPS vs controls. Our hypothesis
was that changes in diversity and speciation would
be seen in CP/CPPS and that metabolic conse-
quences inferred from these changes might aid in
better understanding etiology and target therapy.

METHODS

Patient Sample Collection and DNA Extraction
We collected specimens from patients seen at our urology
clinic. Our institutional review board designated this as
exempt research. We identified patients with CP/CPPS
according to the NIH category III definition10 who were
currently not taking antibiotics. Symptom severity was
measured with the NIH-CPSI11 and clinical phenotype
was classified according to the UPOINT system.2 Controls
were men who were asymptomatic or only had lower
urinary tract symptoms. After rectal examination the
soiled glove tip was immersed in sterile saline and stored
on ice.

Less than 6 hours after collection the samples were
centrifuged at 600 g for 10 minutes. The pellet was frozen
and stored at �80C. Total DNA was extracted from the
pellet using a PowerMag� Microbiome RNA/DNA Isola-
tion Kit according to manufacturer protocol (MO BIO
Laboratories Inc., Carlsbad, California) with minor mod-
ifications. Pellets were resuspended in 650 ml MO BIO
lysis buffer with b-mercaptoethanol and 25 mg RNase A
(Roche Diagnostics Corp., Indianapolis, Indiana), then
transferred to a PowerMag glass bead plate. Samples
were homogenized using the TissueLyser II (Qiagen,
Valencia, California) at 20 Hz, 10 minutes per side. The
plate was centrifuged at 3,000 g for 9 minutes, then su-
pernatants were transferred to a fresh 96 deep well plate
with 150 ml inhibitor removal solution and incubated for

5 minutes at 4C. The new plate was centrifuged at 3,000 g
for 9 minutes, the supernatants were transferred to a
fresh 96 deep well plate and the process was repeated.
DNA was bound to ClearMag� beads, washed 3 times
and eluted in 100 ml double distilled water.

16S-rRNA Gene Library Preparation, Massively
Parallel Sequencing and Sequence Processing
Bacterial 16S rDNA amplification and library construc-
tion were performed according to the 16S Metagenomic
Sequencing Library Preparation guide from Illumina�
(Forest City, California) with minor modifications. In
brief, 2 ml total DNA were amplified using primers tar-
geting the 16S V3 and V4 region (Illumina)12 at 95C for
3 minutes, followed by 25 cycles of 95C for 30 seconds,
65C for 30 seconds for fecal samples, 72C for 30 seconds
and a final extension of 72C for 5 minutes. The resulting
16S rDNA amplicons were cleaned with AMPure XP
beads (Beckman Coulter, Inc., Brea, California) and
Nextera indexes (Illumina) were added in half reaction
volumes with a 2.5 ml sample. A second round of AMPure
XP cleanup was performed and resulting libraries quan-
tified with the QuantiFluor� dsDNA system according
to manufacturer protocol (Promega, Madison, Wisconsin).
After calculating molarity, 5 ml 20 nM or less libraries
were pooled.

Pooled V3-V4 amplicon libraries were sequenced using
the Illumina MiSeq platform with V3 reagent kit. The
300-bp paired end reads for each sample were demulti-
plexed and quality checked using FastQC 0.11.3. Paired
end reads were merged using FLASH13 with read length
set to 300, fragment length set to 460 and standard
deviation set to 46. As an added quality control measure
the software package MacQIIME (ver 1.9.1) pipeline was
used to filter out and discard poor quality reads using
the default settings,14 except when the Phred quality
score threshold was elevated to 20, as this was described
to negate the necessity of secondary OTU abundance
threshold filtration.15 MacQIIME was then used to pre-
filter and discard reads that did not meet a minimum
identity threshold of 60% to Greengenes 13.8.16

Bioinformatic and Statistical Analyses
Processed sequences were subjected to subsampled open-
reference OTU picking against Greengenes, with un-
matched reads clustered by 97% identity into OTUs using
UCLUST (http://drive5.com/usearch/manual/uclust_algo.
html). Taxonomies were assigned using UCLUST con-
sensus taxonomy assigner, reads that did not align to the
Greengenes Core reference alignment using PyNAST
(http://biocore.github.io/pynast/) were discarded and a
phylogenetic tree was built using FastTree 2.1.3 (http://
meta.microbesonline.org/fasttree/). MacQIIME was used
to calculate weighted UniFrac distances, Shannon-Wiener
indices and phylogenetic diversity. PCoA and alpha
rarefaction plots were generated using MacQIIME and
the graphical plotting program EMPeror.17 Clustering
of microbiomes was tested based on UniFrac distances
(adonis statistical method through vegan package in
R-project version 3.2.2). UniFrac distances describe dis-
similarities between bacterial communities using phylo-
genetic information. F-tests based on sequential sums
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