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Introduction

Seminal vesicles (SV) are a pair of two tubular glands that 
secrete fluid to compose around 50–80% of the semen, the 
lower part of each vesicle joins with the end of the ipsilat-
eral vas deferens to form the ejaculatory duct which enters 
the prostate gland obliquely and opens into the prostatic 
urethra around verumontanum [1]. Inflammation, infec-
tion, trauma, or congenital malformation within this area of 
the male genital tract may induce hematospermia, painful 
ejaculation, or infertility due to obstruction of the ejacula-
tory duct, and transurethral endoscopic managements are 
primary treatment options for these conditions [2]. Particu-
larly, transurethral seminal vesiculoscopy (TSV) and related 
procedures are effective treatments for refractory hemato-
spermia with no obvious postoperative complications [3], 
and hematospermia was alleviated or disappeared in 80.56–
93.2% of patients after surgery [4–7]. Besides, TSV is an 
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Abstract
Background  Currently, no recognized evidence is known about the bacterial communities found within seminal vesicles 
(SV) of men presenting with refractory hematospermia.
Methods and results  Fifteen male patients with refractory hematospermia or anejaculation were enrolled, and 15 SV-Infec-
tion (SV-In) samples from SV with hemorrhage and/or stones, 11 SV-Control (SV-C) samples from SV with non-infection, 
and 14 Urine (Urine) samples from posterior urethra were obtained via transurethral seminal vesiculoscopy. Then the high-
throughput 16 S rRNA gene sequencing method was performed to characterize the microbiota profile. Finally, a total of 
1535 operational taxonomic units (OTUs) were found, 1295 OTUs were shared across three groups, 7 OTUs, 45 OTUs, and 
48 OTUs were unique to SV-C group, SV-In group, and Urine group, respectively. The 5 top bacterial phyla (mean relative 
abundance) in all samples were Firmicutes (52.08%), Bacteroidetes (21.69%), Proteobacteria (12.72%), Actinobacteria 
(9.64%), and Fusobacteria (1.62%), the 5 top bacterial genera in all samples were Bacteroides (9.13%), Lactobacillus 
(5.38%), Bifidobacterium (5.35%), Faecalibacterium (5.10%), and Allobaculum (3.34%), of which Bifidobacterium had 
the highest level in SV-C samples and had a significant difference (P < 0.05) across all groups. Differential analysis showed 
genera Leuconostoc and LachnospiraceaeFCS020group were identified as biomarkers in the SV-In microbiota.
Conclusion  Altered microbiota composition in seminal vesicles is related to refractory hematospermia in men, and the dis-
tribution of genus Leuconostoc or LachnospiraceaeFCS020group within seminal vesicles may interact with hematospermia. 
This study provides clues for the diagnosis and treatment of this urologic disorder.

Keywords  Hematospermia · Microbiota · Seminal vesicle · Transurethral seminal vesiculoscopy

Received: 30 June 2022 / Accepted: 21 November 2022 / Published online: 30 December 2022
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Altered microbiota profile in seminal vesicles of men presenting with 
refractory hematospermia

Hongen Lei1  · Hu Han1  · Yuhong Feng2  · Xiaodong Zhang1  · Zhongcheng Xin2  · Long Tian1

1 3

http://orcid.org/0000-0002-4571-8927
http://orcid.org/0000-0002-3326-8615
http://orcid.org/0000-0002-6138-5229
http://orcid.org/0000-0001-7447-643X
http://orcid.org/0000-0002-0361-2737
http://orcid.org/0000-0001-7953-9241
http://crossmark.crossref.org/dialog/?doi=10.1007/s11033-022-08139-w&domain=pdf&date_stamp=2022-12-20


Molecular Biology Reports (2023) 50:2381–2389

effective technique for diagnosing and treating intractable 
seminal vesiculitis [8].

The etiology and underlying pathology of hematosper-
mia are often difficult to determine and treatment strategies 
are not clear and concise. Though it is reported that nonspe-
cific inflammation and/or infection were the most common 
non-iatrogenic etiology of hematospermia [9], and bacteria 
were found in more than one-third of patients with hema-
tospermia by routine bacteriological culture [10]. With the 
fast development of high-throughput sequencing methods, 
microbial characterization can be quickly and efficiently 
completed in a culture-independent manner [11]. Micro-
biomes play important roles in human health and disease, 
and currently, no recognized evidence is known about the 
bacterial communities found within seminal vesicles of 
men presenting with hematospermia. In this study, we use 
the high-throughput 16  S rRNA gene sequencing method 
to characterize the microbiota profile present in samples 
obtained during TSV, we aim to determine if some substan-
tial specific microorganisms or taxa may be associated with 
hematospermia.

Materials and methods

Study population

Enrolled in this study were male patients who underwent 
TSV at the Department of Urology, Beijing Chao-Yang Hos-
pital, Capital Medical University from July 2021 to Decem-
ber 2021. Patients who underwent TSV were included if 
they had a chief complaint of either refractory hematosper-
mia or anejaculation urging for endoscopic sperm retrieval, 
men with hematospermia had a hemorrhage in the seminal 
vesicle were all confirmed by magnetic resonance imag-
ing. At last, 15 men were enrolled, in which 12 men were 
accompanied by refractory hematospermia and 3 men were 
accompanied by anejaculation. Patients were excluded if 
they had urethrostenosis, congenital absence of the vas def-
erens, prostatitis, acute infection of the urinary tract, a his-
tory of sexually transmitted diseases, or positive for HBV, 
HCV, HIV, or treponema pallidum. All patients included 
in the study were married men and over 18 years old with 
serum PSA levels less than 4.0 ng/mL, and written informed 
consent were signed and all patients were evaluated and 
followed in compliance with the protocol approved by the 
local ethics committee of the hospital (No. 2021-KE-482).

Sample collection

A rigid vesiculoscope (4.5/6.5-Fr, Wolf, Germany) was used 
for performing TSV, patients were placed in the lithotomy 

position and received general anesthesia or combined spinal 
and epidural anesthesia. First, urine samples (Urine group), 
serving as a background control for the intraurethral envi-
ronment, were obtained directly from the posterior urethra 
through the working channel using the 5 mL syringe after 
examination of the urethra and bladder; then, fluid samples 
inside the seminal vesicle were obtained through the work-
ing channel when the vesiculoscope was inserted into the 
seminal vesicle, either by entering into the natural opening 
of the ejaculatory duct or by using a transutricle fenestration 
method. Samples obtained from the seminal vesicle were 
classified as SV-Infection (SV-In) group if hemorrhage and/
or stones existed, whereas samples were allocated to SV-
Control (SV-C) group if no aforesaid change was noticed 
inside the seminal vesicle. To avoid possible sample con-
tamination or potential iatrogenic infection, the working 
channel of the vesiculoscope was rinsed with sterile normal 
saline at the interval between collecting specimens from 
different sites, and the non-hemorrhagic side of the semi-
nal vesicle was explored first if there was merely unilateral 
hemorrhage observed in preoperative imaging. Samples 
were stored immediately under freezing at -80 °C for subse-
quent DNA extraction.

DNA extraction and 16 S rRNA gene V3-V4 
sequencing

Total DNA extraction was performed according to the 
manufacturer’s guidelines for microbial analysis using the 
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). The 
concentration and quality of extracted DNA were tested 
before sequencing using a NanoDrop instrument (Thermo 
Fisher, Waltham, MA, USA), and the obtained DNA was 
stored under freezing at -80°C for subsequent analysis. 
To characterize the composition and structure of bacte-
rial communities indigenous to the specific location of the 
male reproductive tract, we sequenced the V3-V4 regions 
of 16 S rRNA gene amplified by PCR Zone from each 
sample. DNA was amplified with 1x KAPA HiFi Master 
Mix (Coyote, Beijing, China) using primers (primer-F: 
5’-CCTAYGGGRBGCASCAG-3’; primer-R: 5’-GGAC-
TACNNGGGTATCTAAT-3’). The first PCR conditions 
were: 95 °C for 3 min; followed by 30 cycles of 98 °C for 
15 s, 50 °C for 50 s, and 72 °C for 30 s, and 1 cycle of 72 °C 
for 10  min. Then the amplification products were puri-
fied with VAHTS clean beads and barcoded adapters were 
attached, the second PCR was performed in only 8 cycles 
with an annealing temperature of 58 °C for 30 s under simi-
lar conditions as above mentioned. Finally, high through-
put 16 S rRNA gene sequencing was performed using the 
Illumina HiSeq 2500 platform (Illumina, San Diego, CA, 
USA).
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Sequence data analysis

The sequences acquired went through a filtering process 
to obtain the qualified reads. Total reads were merged, 
removed low-quality sequences, and removed chimera 
sequences. The sequences were clustered into operational 
taxonomic units (OTUs) using the Uclust method in the 
QIIME software package at 97% similarity, then the tax-
onomic classification of the representative sequence for 
each OTU was done based on the Silva Reference database 
(Release 128). Alpha-diversity indices (chao1 index, shan-
non index, simpson index, and observed species) based on 
the OTU level abundance profile were calculated using the 
Vegan package in R software (version 3.5.1), beta-diversity 
indices of partial least squares discriminant analysis (PLS-
DA) and principal coordinate analysis (PCoA) based on the 
unifrac distances were also calculated by using the ggplot2 
package. Linear discriminant analysis (LDA) of effect size 
(LEfSe) was applied to determine the most discriminant 
taxa across groups.

Statistical analysis

The metric variables were shown as the mean ± standard 
deviation, the categorical variables were shown as the 
median and interquartile range and statistical significances 
were assessed using the Kruskal-Wallis test. All calculations 
were performed using SPSS statistical software (version 23, 

IBM SPSS, Chicago, IL, USA). Probability values of less 
than 0.05 were considered significant.

Results

Population characteristics

Fifteen male patients who underwent TSV were enrolled in 
this study, the patients had a mean age of 38.9 ± 10.3 years 
and a mean disease duration time of 28.8 ± 23.3 months. 
Finally, 15 SV-In samples, 11 SV-C samples, and 14 Urine 
samples were obtained for further microbiota analysis, and 
the mean operation time for TSV was 79.0 ± 27.3 min. Of 
the 12 men with refractory hematospermia, the mean age, 
disease duration time, and operation time were 39.6 ± 11.5 
years, 24.0 ± 19.6 months, and 86.3 ± 25.7 min, respectively. 
Treatments of irrigation with sterile normal saline in the 
seminal vesicle during TSV, perioperative antibiotic pro-
phylaxis, and postoperative regular semen discharge were 
used in men presenting with hematospermia, and no recur-
rent hematospermia was informed with a mean follow-up 
of 9.3 ± 1.4 months. All patient clinical manifestations and 
sample types retrieved during TSV were shown in Table 1, 
an illustration including magnetic resonance imaging and 
three groups of samples retrieved during TSV from Patient 
11 was shown in Fig. 1.

Table 1  Patient clinical manifestations and sample types obtained during TSV
Patients Age (y) Disease 

duration 
(m)

Sample type and number TSV Operation 
time (min)

Manifestations

P1 36 72 1 Urine, 1 SV-C Unilateral 50 Anejaculation, TSV for sperm retrieval
P2 67 24 1 Urine, 1 SV-C, 1 SV-In Bilateral 60 Hemorrhage in right seminal vesicle
P3 30 6 1 Urine, 1 SV-C, 1 SV-In Bilateral 120 Hemorrhage and stones in left seminal vesicle
P4 42 60 1 Urine, 1 SV-In Unilateral 90 Hemorrhage and stones in right seminal 

vesicle
P5 35 60 1 Urine, 2 SV-C Bilateral 50 Anejaculation, TSV for sperm retrieval
P6 35 36 1 Urine, 2 SV-C, 1 SV-In Bilateral 80 Hemorrhage in prostatic utricle
P7 40 12 1 Urine, 1 SV-In Unilateral 110 Hemorrhage and stones in right seminal 

vesicle
P8 27 60 1 Urine, 1 SV-In Unilateral 85 Hemorrhage in left seminal vesicle
P9 32 2 1 Urine, 1 SV-C, 1 SV-In Bilateral 131 Hemorrhage and stones in left seminal vesicle
P10 43 24 1 SV-In Unilateral 50 Hemorrhage in right seminal vesicle
P11 43 12 1 Urine, 1 SV-C, 1 SV-In Bilateral 85 Hemorrhage in left seminal vesicle
P12 31 24 1 Urine, 2 SV-In Bilateral 100 Hemorrhage in both seminal vesicles
P13 54 24 1 Urine, 2 SV-In Bilateral 70 Hemorrhage in both seminal vesicles
P14 38 12 1 Urine, 2 SV-C Bilateral 50 Anejaculation, TSV for sperm retrieval
P15 31 4 1 Urine, 2 SV-In Bilateral 54 Hemorrhage in both seminal vesicles
Summary 38.9 ± 10.3 28.8 ± 23.3 14 Urine, 15 SV-In, 11 

SV-C
- 79.0 ± 27.3 -

TSV: transurethral seminal vesiculoscopy; SV: seminal vesicle; SV-C: samples of the SV-Control group; SV-In: samples of the SV-Infection 
group; Urine: samples of the Urine group
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Microbiota composition

The 5 top bacterial phyla (mean relative abundance) in all 
samples were Firmicutes (52.08%), Bacteroidetes (21.69%), 
Proteobacteria (12.72%), Actinobacteria (9.64%), and 
Fusobacteria (1.62%) (Fig.  3  A), of which Proteobacte-
ria and Fusobacteria had significant differences (P < 0.05) 
across three groups (Fig.  3  C&D). The 15 top bacterial 
genera (mean relative abundance) in all samples included 
Bacteroides (9.13%), Lactobacillus (5.38%), Bifidobac-
terium (5.35%), Faecalibacterium (5.10%), Allobaculum 
(3.34%), Blautia (2.90%), Escherichia-Shigella (2.83%), 
Streptococcus (2.39%), Prevotella9 (2.35%), Subdoligranu-
lum (1.61%), Lachnospira (1.56%), Megamonas (1.44%), 
Bacillus (1.41%), Catenibacterium (1.40%), and Anaeroba-
cillus (1.29%) (Fig. 3B), of which Bifidobacterium had the 
highest level in SV-C samples and had significant difference 
(P < 0.05) across three groups (Fig. 3E).

Differential analysis

LEfSe analysis was used to explore bacterial biomarkers 
across groups, and discriminative taxa with LDA score > 2 
were selected. The SV-In microbiota was characterized by 
the dominance of the genera of Leuconostoc and Lachno-
spiraceaeFCS020group, the family of Spirochaetaceae, and 
the order of Aeromonadales. And the Urine microbiota was 
characterized by the dominance of the genera of Neisseria, 

Taxonomic diversity and microbial community

A total of 6,620,373 paired-end (PE) reads were obtained 
from all 40 samples, and after sequence assembly, qual-
ity filtering, and chimera removal, a total of 2,418,978 
high-quality classifiable sequences were obtained, with a 
mean of 60,474 ± 26,374 sequences per sample. Clustering 
analysis showed an average of 730 ± 154 OTUs, 731 ± 145 
OTUs, and 682 ± 201 OTUs were identified in each sample 
in the SV-C group, the SV-In group, and the Urine group 
respectively, though no significant difference was observed 
across groups. The total number of OTUs obtained from all 
samples was 1535, of these, 1295 OTUs were shared across 
three groups, 7 OTUs were unique to the SV-C group, 45 
OTUs were unique to the SV-In group, and 48 OTUs were 
unique to the Urine group (Fig. 2A).

The diversity index is used to measure the heterogene-
ity of microbial communities. Although there were no sta-
tistically significant differences in richness and evenness 
(chao1, shannon, and simpson indexes) or observed spe-
cies of microbiota between either two groups (Fig. 2B), we 
observed SV-C samples had lower observed richness than 
other samples, which was consistent with Venn diagram. 
Distinct clusters of microbiota based on the unifrac dis-
tances were observed among three groups in PLS-DA plots 
but not in PCoA plots (Fig. 2 C&D).

Fig. 1  Magnetic resonance imag-
ing, endoscopic findings, and 
samples retrieved during TSV 
in men presenting with refrac-
tory hematospermia. (A&B) 
Relatively high-intensity signals 
on T1WI and low-intensity 
signals on T2WI were shown 
in magnetic resonance imaging, 
indicating a hemorrhage in the 
LSV from Patient 11; (C) chronic 
hemorrhagic foci and brown 
sediments were found in LSV 
during TSV; (D) no hemorrhage 
was found in RSV during TSV; 
(E) an illustration showing three 
groups of samples retrieved from 
Patient 11. TSV, transurethral 
seminal vesiculoscopy; T1WI, 
T1 weighted image; T2WI, T2 
weighted image; RSV, right 
seminal vesicle; LSV, left semi-
nal vesicle; SV, seminal vesicle; 
SV-C, the SV-Control group; 
SV-In, the SV-Infection group; 
Urine, the Urine group
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Discussion

Our study provides some evidence that the altered bacte-
rial communities in the male genital tract may be related to 
refractory hematospermia, and specific pathogenic microor-
ganisms may be important factors for inflammation, infec-
tion, and hemorrhage within seminal vesicles. It is reported 
that hematospermia occurs due to multiple reasons includ-
ing infectious, inflammatory, cystic, lithiasis, vascular, and 
iatrogenic issues, and it originated anatomically from semi-
nal vesicles, prostate, bladder, spermatic cord, or epididy-
mis [12]. In a prospective study to investigate the natural 
history of hematospermia, Furuya et al. found that hema-
tospermia resolved spontaneously in 88.9% of the patients 

Eubacterium ruminantiumgroup, Porphyromonas, Aeromo-
nas, Vulcaniibacterium, and Actinomyces, the families of 
Enterobacteriaceae, Fusobacteriaceae, Neisseriaceae, 
Aeromonadaceae, and Actinomycetaceae, the orders of 
Enterobacteriales, Fusobacteriales, Neisseriales, and Acti-
nomycetales, the class of Fusobacteriia, and the phyla of 
Proteobacteria and Fusobacteria (Fig. 4 A&B). The rela-
tive abundances of biomarkers in the genera level of the 
SV-In microbiota and the Urine microbiota in all samples 
were shown in Fig. 4 C&D, while the SV-C microbiota had 
no significant biomarker identified.

Fig. 2  Taxonomic classification and microbial diversity of samples 
retrieved during TSV. (A) Venn diagram demonstrating the overall 
overlap of OTUs according to sample source, OTUs are defined at 
97% sequence similarity level; (B) alpha-diversity indices of chao1 
index, shannon index, simpson index, and observed species plots of 
microbiota based on the OTUs level abundance profile among three 
groups; (C) beta-diversity indice of PLS-DA plots of microbiota based 

on sampling unit distribution among three groups; (D) beta-diversity 
indice of PCoA plots of microbiota based on weighted unifrac dis-
tances among three groups. TSV, transurethral seminal vesiculoscopy; 
OTUs, operational taxonomic units; PLS-DA, partial least squares dis-
criminant analysis; PCoA, principal coordinate analysis; SV, seminal 
vesicle; SV-C, the SV-Control group; SV-In, the SV-Infection group; 
Urine, the Urine group
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Besides, our results showed that Lactobacillus and Bifi-
dobacterium were among the three most abundant bacterial 
genera distributed in urine and seminal vesicle, though Lac-
tobacillus had no significant difference across groups, and 
samples from the non-hemorrhage seminal vesicle had sig-
nificantly higher levels of Bifidobacterium, suggesting the 
genus Bifidobacterium may play as potential probiotics in 
the male genital tract. Strains of Bifidobacterium and Lacto-
bacillus have been safely and effectively used as probiotics 
for a long history to modulate the gut microbiota in intesti-
nal health and disease [18], and it is reported that Lactoba-
cillus-predominant semen was associated with good-quality 
sperm [19].

In addition, it is recognized that the Leuconostoc genus 
was classified as an opportunistic pathogen that causes a few 
clinically human infections [20], gut LachnospiraceaeFCS-
020group was found to be associated with very-low-density 
lipoprotein particles subclasses and metabolic disease etiol-
ogy [21]. In this study, differential analysis of LEfSe results 
showed that genera Leuconostoc and LachnospiraceaeF-
CS020group were enriched in SV-In microbiota and were 
identified as biomarkers in the hemorrhage seminal vesicle, 
so the distribution of genus Leuconostoc or Lachnospirace-
aeFCS020group within seminal vesicles may be pathogenic 

with a median disease duration of 1.5 months, and hemor-
rhage from seminal vesicle was important for the predic-
tion of hematospermia duration [13]. Besides, nonspecific 
inflammation and/or infection were reviewed as the most 
common non-iatrogenic etiology of hematospermia [9], and 
bacteria were found in 36% of patients who suffered from 
hematospermia [10].

Predominant bacterial genera presenting in the male 
genital tract share an overlapping profile with that in the 
gastrointestinal tract. In this study, we found that the most 
abundant bacterial genera in the seminal vesicle include 
Bacteroides, Lactobacillus, Bifidobacterium, Streptococ-
cus, and Prevotella, which was consistent with the literature 
report. Evidence showed that the common bacterial genera 
in the urine of a healthy individual include Lactobacillus, 
Streptococcus, Staphylococcus, and Gardnerella [14], the 
core microbes residing in a healthy human colon include 
Lactobacillus, Streptococcus, Prevotella, Bacteroides, and 
Clostridium [15], the most abundant genera in the penile 
microbiota of black South African men are Corynebacte-
rium and Prevotella [16], and the most abundant genera in 
the semen are Lactobacillus, Pseudomonas, Prevotella and 
Gardnerella [17].

Fig. 3  Frequencies of the most common bacterial phyla and genera 
found in samples. (A) The mean relative abundances of the 5 top 
bacterial phyla in total samples and in samples of each group; (B) 
the mean relative abundances of the 15 top bacterial genera in total 
samples and in samples of each group; the relative abundances of the 

phyla of Proteobacteria (C) and Fusobacteria (D) and the genera of 
Bifidobacterium (E) in samples of each group. #P < 0.05 across three 
groups, *P < 0.05 between SV-C and Urine groups. SV, seminal vesicle; 
SV-C, the SV-Control group; SV-In, the SV-Infection group; Urine, the 
Urine group
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seminal vesicles of men with anejaculation were assigned to 
SV-C group against SV-In group and/or Urine group, and we 
designed Urine samples serving as a background control for 
intraurethral environment. Moreover, samples from the non-
hemorrhagic side of the seminal vesicle were retrieved first 
if there was only unilateral hemorrhage suspected, to avoid 
potential sample contamination or iatrogenic infection.

Of course, there are some limitations to this study. The 
potential contamination of samples among different groups, 

and interplay with hematospermia. The impacts of micro-
biota in the male genital tract on the health of men still need 
additional studies.

Considering ethical issues, it is hardly possible to 
retrieve samples invasively from normal healthy volunteers, 
so direct comparing microbiota within seminal vesicles 
between patients with hematospermia and healthy men is 
infeasible. So, in this study, samples obtained from semi-
nal vesicles with no obvious pathological change or from 

Fig. 4  Differential analysis of 
bacterial biomarkers found in 
seminal vesicles relating to 
refractory hematospermia. (A) 
Histogram of the LDA scores 
computed for differentially abun-
dant bacterial taxa in SV-In and 
Urine groups by LEfSe analysis, 
results with LDA score > 2 were 
selected; (B) cladogram of differ-
entially abundant bacterial taxa in 
SV-In and Urine groups, differ-
ences are represented in the color 
of the most abundant classes (red 
indicating SV-In, green indicating 
Urine, and yellow indicating non-
significant), each circle’s diam-
eter is proportional to the taxon’s 
abundance; (C) the abundances 
of the genera of Leuconostoc and 
LachnospiraceaeFCS020group 
in samples of each group; (D) 
the abundances of the genera of 
Neisseria, Eubacterium rumi-
nantiumgroup, Porphyromonas, 
Aeromonas, Vulcaniibacterium, 
and Actinomyces in samples 
of each group. LDA, linear 
discriminant analysis; LefSe, 
linear discriminant analysis effect 
size; SV, seminal vesicle; SV-C, 
the SV-Control group; SV-In, the 
SV-Infection group; Urine, the 
Urine group
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2021-KE-482).

Informed consent  Informed consent was obtained from all individual 
participants included in the study.
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