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Abstract

Background/Objectives: Infertility is a major public health concern, affecting one in six
individuals worldwide and nearly one-quarter of couples in France. While a male, female,
or combined factor can be identified in approximately 75% of cases, infertility remains unex-
plained in 10-25%. Genital tract infections account for roughly 15% of male infertility cases
and are often asymptomatic, being detected incidentally during routine evaluation prior
to assisted reproductive technology (ART). Emerging evidence suggests that the seminal
microbiota may contribute to sperm quality and male reproductive health. This systematic
review aims to evaluate whether specific microbial profiles are associated with alterations in
semen parameters. Methods: A comprehensive literature search was conducted in PubMed
and ScienceDirect, yielding 165 and 1418 records, respectively. In the end, 20 articles were
included in this systematic review. Results: Men with normal semen parameters commonly
exhibited a higher abundance of Lactobacillus and Bifidobacterium, whereas Prevotella was
more frequently observed in individuals with impaired semen quality. Several taxa—such
as Gardnerella, Corynebacterium, and Staphylococcus spp.—were detected in both normal
and altered semen profiles, suggesting that their impact on sperm quality may depend on
reaching a pathogenic threshold. Conclusions: Current evidence supports an association
between seminal microbiota composition and sperm quality. However, the heterogeneity
of available studies and the lack of standardized methodologies limit the ability to draw
firm conclusions. Further well-designed studies are required to clarify causal relationships
and to determine the clinical relevance of seminal microbiota assessment in male infertility.

Keywords: microbiota; seminal quality; male infertility; bacteriospermia

1. Introduction

According to the latest World Health Organization report, published in April 2023,
infertility affects approximately one in six individuals worldwide [1]. In France, this
condition impacts nearly 3.3 million people, or a quarter of all couples [2]. In roughly 75%
of cases, a female, male or mixed etiology is identified. However, in 10% to 25% of cases,
infertility remains unexplained [3].

Sperm quality can be affected by a variety of factors, including infections of the
urogenital system [4,5] which account for approximately 15% of male infertility. Often
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asymptomatic, these infections are typically detected only through laboratory testing [6].
Numerous studies have demonstrated the detrimental effects of pathogenic bacteriospermia
on sperm production and quality, highlighting the importance of early diagnosis and
appropriate management to limit their impact on male fertility [7].

The microbiota was first observed at the end of the 17th century through the
pioneering work of Antonie van Leeuwenhoek. The term “microbiota” refers to all
microorganisms—primarily bacteria, viruses, fungi and archaea—that live in a dynamic
balance with their host [8]. Dysbiosis, or disruption of this balance, has been increasingly
associated with a wide range of chronic and inflammatory diseases, from metabolic dis-
orders to psychiatric conditions [9]. Understanding the complex mechanisms underlying
host-microbiota interactions therefore represent a significant challenge for both preventive
and therapeutic medicine. While the role of the gut microbiota in metabolic regulation,
immunity, and even mental health is well established [10], the influence of the sperm
microbiota remains largely unexplored.

Once considered a sterile fluid under physiological conditions, semen is now recog-
nized to harbor a diverse microbial community, including both potentially beneficial and
pathogenic bacteria. Advanced DNA amplification techniques, such as PCR (Polymerase
Chain Reaction) followed by NGS (Next-Generation Sequencing), have enabled the detec-
tion of the sperm microbiota, improved our understanding of its role in male reproductive
health, and demonstrated that the balance of this microbial ecosystem can directly affect
sperm quality [11,12]. Although these findings are promising, the precise mechanisms by
which the sperm microbiota influences male fertility remain to be elucidated.

In the context of male infertility, it is crucial to distinguish between seminal
infection—typically defined by elevated bacterial counts (bacteriospermia), leukocytosper-
mia, and clinical signs of inflammation—and alterations of the seminal microbiota, which
may occur in the absence of overt infection. Indeed, dysbiosis of the seminal microbiome
can be primarily qualitative, involving shifts in microbial composition or loss of beneficial
taxa, without necessarily exceeding phatogenic thresholds or triggering an inflammatory
response. Such subtle microbial imbalances may contribute to impaired sperm function
even in men with otherwise unexplained (idiopathic) infertility.

The aim of this systematic review is to examine the influence of the composition and
balance of the sperm microbiota on sperm quality. More broadly, it seeks to evaluate the
potential impact of the microbiota on male fertility and the resulting clinical implications,
particularly in the context of Assisted Reproductive Technology (ART).

2. Materials and Methods

This systematic review was conducted following the PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses). A systematic search
of the PubMed and ScienceDirect databases was carried out from November 2023 to
September 2024 to identify all human experimental published in English or French
(Figure 1). To ensure the most comprehensive search possible, the following keywords
were used: (seminal OR semen OR sperm OR fertility) AND (microbiota OR microbiome).
All articles published in English or French were assessed.

A total of 1583 articles were identified. After eliminating duplicates and excluding
studies whose titles were not relevant to the topic, 1522 articles were excluded. Of the
61 articles selected based on their titles, 30 were excluded after abstract screening. Of the
remaining 31 articles, 11 were eliminated following full-text review for various reasons.
Ultimately, 20 articles were included in this systematic literature review.
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Figure 1. PRISMA flow diagram for identification and selection of studies.

For each included study, the following information was extracted and compiled in

tables: authors, year of publication, number of subjects, age, methods of analysis, study

outcomes and main conclusions.

3. Results

3.1. Characteristics of Patients Included in the Studies

Among the 20 studies included, the study population ranged from 20 to 1300 partici-

pants, with a total of 3065 individuals analyzed. The age of participants generally ranged

from 20 to 60 years. The detailed results of each study are summarized in Table 1.

Table 1. Characteristics of patients included in the various studies.

) Number of Subjects Ave (Y
Studies Year Control Case ge (Years)

Hou et al. [12] 2013 19 58 21-37
Weng et al. [13] 2014 36 33 26-58

Monteiro et al. [14] 2018 29 89 Not available
Hannachi et al. [15] 2018 70 70 33-47
Baud et al. [16] 2019 26 68 23-61
Yang et al. [17] 2020 58 101 25-40
Karthikeyan et al. [18] 2021 19 24 32-39
Eini et al. [19] 2021 35 172 3342
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Table 1. Cont.
Number of Subjects Ase (Y \
i e (Years
Studies Year Control Case 5
Okwelogu et al. [20] 2021 0 36 26-55
Yao et al. [21] 2021 20 67 27-33
Volz et al. [22] 2022 1258 42 36.7 £ 8.2
Gachet et al. [23] 2022 38 53 30-38
Chen et al. [24] 2023 30 30 28-38
Veneruso et al. [25] 2023 7 13 27-48
Garcia-Segura et al. [26] 2022 14 42 Not available
Cao et al. [27] 2023 12 41 26.5-36.5
He et al. [28] 2024 47 40 26-39
Osadchiy et al. [29] 2024 42 31 29-45
Algawasmeh et al. [30] 2024 60 Mean 36
Vajpeyee et al. [31] 2024 69 166 2645

3.2. Methods of Measurement

Different methods were used to characterize the microbiota associated with seminal-
quality profiles. Standard culture methods and the polymerase chain reaction (PCR)
technique were routinely employed to isolate and identify bacteria present in biological
samples such as semen. All the samples are fresh sperm.

In parallel, microbiome analysis can be performed using 16S ribosomal RNA gene se-
quencing, enabled by next-generation sequencing (NGS) technology and the corresponding
bioinformatics software [13].

16S rRNA gene sequencing, the method of choice for microbiota analysis, was the
most commonly used approach (16/20 studies) allowing the identification of a broad
spectrum of bacterial taxa. Four studies relied on standard bacterial culture, frequently
detecting pathogens such as S. aureus, Ureaplasma, Streptococcus, Enterococcus faecalis
and Corynebacterium.

3.3. Sperm Microbiota and Semen Parameters

All studies analyzed the composition of the microbiota in relation to the presence or
absence of altered sperm parameters. The detailed results of each study are summarized in
Table 2.

Table 2. Microbiota characteristics as a function of semen parameters.

Method of Detection,

Author OFSHLEI.J:;S Hypervariable Region Cltisglef:l:t;o;\a ?;;Zigrl:g Identified Bacteria
) and DNA Extraction Kit
Streptococcus, Corynebacterium,
Group 1 Finegoldia, Veillonella, Lactobacillus,
(Donors) Prevotella, Staphylococcus, Anaerococcus
and Peptoniphilus
165 rRNAgene Sequencing ~ Group 2 Prevotella, Peptoniphilus, Lactobacillus,
Hou et al. (2013) [12] 77 (V1-V2) (Asthenozoospermia) Porphyromonas and Clostridiales
QIAamp DNA Mini Kit Group 3 (Oligo- Corynebacterium, Staphylococcus,
asthenozoospermia) Finegoldia and Anaerococcus
Group 4 (Oligo- Ralstonia, Lactobacillus, Corynebacterium,
asthenozoospermia Streptococcus, Staphylococcus, Pelomonas,
and azoospermia) Gemella and Acidovorax
168 rRNAgene Sequencing  Normal sperm II;acto'bac‘lllus, Gurdnerella, '
(V4) ropionibacterium and Atopobium
Weng et al. (2014) [13] 69

Prevotella, Pseudomonas, Heamophilus

Copan ESwab collection At least 2 abnormal :
and Aggregatibacter

Kit 480C sperm parameters
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Table 2. Cont.

Method of Detection,

Author OF;IE?:;S Hypervariable Region Ciisng:laetrl\olg ;:::‘Z:S:;lg Identified Bacteria
) and DNA Extraction Kit
Control group Actinomyces, Corynebacterium,
Propionibacterium and Flavobacterium
. 165 rRNAgene Sequencing Oligo-astheno- . Aerococcus, Facklamia and Pseudomonas
Monteiro et al. 118 (V3-V6) teratozoospermia
(2018) [14] TOPO-TA Cloning kit~ :stheno- . Gemella
teratozoospermia
Hyperviscosity Aerococcus, Facklamia, Pseudomonas
and Acinetobacter
Asthenozoospermia greaplasma urealyticum, ‘
Hannachi et al. . reptococcus, Corynebacterium '
(2018) [15] 140 Standard bacterial culture ~ Teratozoospermia Streptococcus and Corynebacterium
Necrozoospermia Corynebacterium
Hypospermia Ureaplasma urealyticum
165 rRNAgene Sequencing  Normal sperm Lactobacillus and staphylococcus
Baud et al. (2019) [16] 94 (V1-Vv2) At least 1 abnormal Prevotella (reduced bilit
Kapa HiFi PCR Kit sperm parameter revotella (reduced sperm mobility)
Lactobacillus, acinetobacter, Prevotella,
Control group Corynebacterium, Pelomonas
and Streptococcus
Oligo- Ralstonia, Faecalibacterium, Lactobacillus,
asthenozoospermia Prevotella and Bacteroides
16S rRNAgene Sequencing Sneathia, Ralstonia, Ureaplasma,
Yang et al. (2020) [17] 159 (V1-V2) Asthenozoospermia Bacteroides, Aerococcus, Enhydrobacter,
[llumina HiSeq P Anaerococcus, Corynebacterium
and Lactobacillus
Azoospermia Lactobacillus, Prev(?tella, Sneathia,
Pelomonas and Acinetobacter
Lactobacillus, Corynebacterium,
Oligozoospermia Acinetobacter, Veillonella,
Faecalibacterium and Streptococcus
Enterococcus feacalis, Morganella
. Hyperviscosi morganii and
Karthikeyan et al. 43 Standard bacterial culture P v SWP%WIOCOCC”S haemolyticus
(2021) [18] Astheno-
. Staphylococcus aureus
teratozoospermia
Streptococcus agalactiae, Escherichia coli,
Oligo- Staphylococcus haemolyticus,
asthenozoospermia Staphylococcus aureus, Proteus spp. and
Eini etal. (2021) [19] 207 Standard bacterial culture . I;ifgfg;g’éilgln g:luzz;ylococcus aureus,
Teratozoospermia P ! .
roteus spp., Klebsiella pneumoniae
High DNA fragmentation I”Zap hy lococcuis aureus and
ebsiella pneumoniae
Lactobacillus, Gardnerella, Veillonella,
Normal sperm Corynebacterium, Escherichia,
Haemophilus, Prevotella
Prevotella, Escherichia, Lactobacillus,
Oligozoospermia Shuttleworthia, Serratia, Megasphaera,
165 rRNAgene Sequencing Gardnerella, Sneathia, Porphyromonas
Okwelogu et al. 36 (V4) Lactobacillus, Enterococcus,
(2021) [20] Kapa Bio-Rad iCycler Azoospermia Corynebacterium, Veillonella, Gardnerella,
qPCR kit Ureaplasma, Prevotella
Leukospermia Lactobacillus reuteri, Faecalibacterium,
Bacteroides, Prevotella
Positive IVF clinical Lactobacillus jensenii and faecalibacterium
result group
Negative IVF clinical Proteobactérie, Prevotella and Bacteroides
result group
Control group Lactobacillus
16S rRNAgene Sequencing ~ Asthenozoospermia Lactobacillus
Yao et al. (2021) [21] 87 (V3-v4) Leukospermia Streptococcus increased,
' AxyPrep DNA Gel Lactobacillus decreased
Extraction Kit Asthenozoospermia

et leukospermia

Streptococcus
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Table 2. Cont.

Number

Method of Detection,

Classification According

Author . Hypervariable Region Identified Bacteria
of Subjects and DNA Extraction Kit to Semen Parameters
Teratozoospermia Streptococcus viridans and
P Haemophilus parainfluenzae
Volz et al. (2022) [22] 1300 Standard bacterial culture Necrozoospermia Coagulase-negatiye Staphylococcus and
Enterococcus faecalis
Oligozoospermia Enterococcus faecalis
165 rRNAgene Sequencing  Normal sperm Mobiluncus,'Finegoldia, Cutibacterium
Gachet et al. 91 (V1-V3) and Gordonia
2022) [23 ® ®
(2022) [23] QIAmp é’l%v‘{\;elili:tecal Pro Gligozoospermia Haemophilus
Chen et al 165 rRNAgene Sequencing  Control group Bifidobacterium
(20;2;[22]. 60 (V3-V4) Idiopathic non-obstructive  Bacteroides, Prevotella, Lactobacillus,
MagPure Soil DNA LQ kit azoospermia Escherichia and Shigella
165 rRNAgene Sequencing  Control group Gardnerella, Staphylococciis
Veneruso et al. 20 (V3-V6) and Achromobacter
(2023) [25] 2 MiSeq Reagent Nano Kit Group with Mannheimia, Escherichia, Shigella
sperm alterations and Lactobacillus
Hypervolemia Ralstonia, Bacillus and Steroidobacter
yp elevated, Janibacter decreased
. 165 rRNAgene Sequencing ~ Hyperviscosity Ralstonia, Schaalia, Aerococcus
Garcia- (V1-V9) and Meggsphaera .
Segura et al. 56 ZymoBIOMICS DNA Oligozoospermia Paenibacillus and Ra.ls‘tonm
(2022) [26] Micropren kit Teratoz mi Moraxella and Massilia elevated,
prep cratozoospermia Deinococcus and Gardnerella decreased
Asthenozoospermia Filifactor, Gardnerella and Flavobacterium
P decreased, Peptoniphilus elevated
Lactobacillus, Prevotella, Finegoldia,
Control group Staphylococcus, Streptococcus and
Ureaplasma spp.
Asthenozoospermia Staphylococcus increased, Collinsella and
165 rRNAgene Sequencing P Bifidobacterium decreased
(V3-V4) Lactobacillus and Collinsella decreased,
Cao etal. (2023) [27] 53 AxyPrep DNA Gel Oligozoospermia Bacteroides, Prevotella and
Extraction Kit Alicycliphilus increased
Hyperviscosity Staphylococcus
Severe olizozoospermia Lactobacillus and Collinsella decreased,
- az grmi P Bacteroides, Prevotella and
orazoosperta Alicycliphilus increased
High DNA Escherlchza., Shlge.lla, Lactobact?lus Spp-
. . o increased including Lactobacillus iners,
165 rRNAgene Sequencing  fragmentation (>30%) Acinetobacter s
He etal. (2024) [28] 87 (V3-va) Peptostre tococlzgz)l'es—Tissierellales
MagPure Soil DNA LQKit  Low DNA eprosTTep '
P . o Finegoldia spp. and
ragmentation (<15%) C !
orynebacterium spp.
Normal sperm motility Peptoniphilus coxii decreased and
16S rRNAgene Sequencing  and concentration Staphylococcus hominis elevated
. (V1-V2) Asthenozoospermia Lactobacillus iners decreased
Osadchiy et al. . . . by
73 Qiagen TissueLyser and Paraburkholderia phenazinium,
(2024) [29]
Zymo MagBead 96 Olicozoospermia Pseudomonas fluorescens and
DNA /RNA kit g P Pseudomonas stutzeri decreased,
Pseudomonas putida increased
Alqawasmeh et al. 0 165 rRNA(%;?;_eV 546)quenCing Asthenozoospermia Staphylococcus spp.
(2024) [30] Nextera XT Index Kit Oligozoospermia Streptococcus anginosus
Control group Lactobacillus
Astheno- Prevotella, Escherichia coli and
) 165 rRNAgene Sequencing ~ teratozoospermia Enterococcus faecium
Vajpeyee et al. 235 (V1-V9) Oligo- Prevotella, Pseudomonas, Escherichia coli
(2024) [31] DNeasypower soil kit asthenozoospermia and Enterococcus faecium
Prevotella, Pseudomonas, Aerococcus,
Hyperviscosit Gemella, Escherichia coli, Veillonella and
yp y

Enterococcus faecium
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As shown in Table 3, the bacteria most frequently found in normal semen were
Lactobacillus, Staphylococcus, Gardnerella, Prevotella, and Corynebacterium in the majority of
studies. However, Gachet et al. (2022) identified Mobiluncus, Finegoldia, Cutibacterium,
and Gordonia as the predominant bacteria [23], while Chen et al. (2023) reported that
Bifidobacterium was the most abundant bacterium in semen without abnormalities [24].

Table 3. Pathogenicity thresholds (CFU/mL) for major semen bacteria in ART, based on Boitrelle
et al., indicating levels at which antimicrobial treatment is clinically recommended to improve
sperm quality and enhance the likelihood of achieving pregnancy through assisted reproductive
technology [7].

Presence of Polymorphic Flora

Contamination (>3 Different Species)

Chlamydia trachomatis

Pathogenic germs by their presence Neisseria gonorthoeae

Escherichia coli

Pathogenic germs at the threshold of Proteus mirabilis
>10? CFU/mL Klebsiella pneumoniae
Morganella morganii

Corynebacterium seminale
Streptococcus pyogenes
Staphylococcus aureus

Pathogenic germs at the threshold of
>5.10% CFU/mL

Pathogenic germs at the threshold of Moycoplasma hominis
>10* CFU/mL Ureaplasma urealyticum

4. Discussion

The work of Weng et al. (2014) [13], Baud et al. (2019) [16], Gachet et al. (2022) [23],
and, more recently, Veneruso et al. (2023) [25] and Cao et al. (2023) [27] identified several
bacteria associated with sperm alterations, including Prevotella according to Baud et al.
(2019) [16], and Pseudomonas, Haemophilus, and Aggregatibacter according to Weng et al.
(2014) [13]. In addition, the study by Veneruso et al. (2023) highlighted other bacteria linked
to sperm alterations, including Mannheimia, Escherichia, and Shigella [25].

Certain bacteria, such as Enterococcus, Pseudomonas, Streptococcus, Escherichia coli, and
Gardnerella, as well as Porphyromonas, Bacteroides, Ralstonia, Prevotella, and Serratia, have been
associated with oligozoospermia in men [16,19,21,25,26,28,29]. In addition, other bacteria,
including Prevotella, Staphylococcus, Haemophilus, Corynebacterium, Ureaplasma, Sneathia,
and Aerococcus, have been identified in men with oligozoospermia, asthenozoospermia,
teratozoospermia, or combinations of these conditions [12,14,17-19,26,30].

In the study by Chen et al. (2023), a comparison between a control group and a group
of men with idiopathic non-obstructive azoospermia revealed that Bifidobacterium was
specifically associated with the control group, while Bacteroides, Prevotella, Lactobacillus,
Escherichia, and Shigella were characteristic of the case group [24].

Two studies examined the sperm DNA fragmentation index and found that bacteria
associated with a high fragmentation index included Escherichia, Shigella, Lactobacillus spp.,
particularly Lactobacillus iners, as well as Acinetobacter spp., and Staphylococcus aureus and
Klebsiella pneumoniae. In contrast, the presence of Peptostreptococcales-Tissierellales, Finegoldia
spp., and Corynebacterium spp. was linked to a low DNA fragmentation index [19,28].

Okwelogu et al. (2021) [20] further investigated the relationship between sperm
microbiota and clinical outcomes in ART, notably by comparing pregnancy outcomes and
live birth rates after in vitro fertilization (IVF). Reduced microbial diversity, as well as
the presence of Lactobacillus jensenii and Faecalibacterium in sperm, was associated with

https://doi.org/10.3390/reprodmed7010008
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Staphylococcus

Streptococcus —

Escherichia

Lactobacillus

Corynebacterium S —

Aerococcus

Pseudomonas

improved IVF outcomes. Conversely, a significant presence of Proteobacteria, Prevotella, and
Bacteroides correlated with poorer results.

This review examined 20 studies to explore the association between the presence of
various bacteria detected in semen, their impact on sperm quality (motility, concentration,
and morphology), and their overall effects on male fertility, including implications for
Assisted Reproductive Technology (ART) management.

Certain bacteria have long been associated with impaired male fertility and are clini-
cally treated when their concentrations exceed a defined threshold. Adverse effects typically
manifest only above this threshold (see Table 2). The most prevalent bacteria include Es-
cherichia coli, Chlamydia trachomatis, Neisseria gonorrhoeae, Ureaplasma urealyticum,
Mycoplasma hominis, Gardnerella vaginalis, and Corynebacterium seminale. Bacteriosper-
mia, particularly when accompanied by leukospermia (defined as more than one million
leukocytes per milliliter of semen), has been linked to detrimental effects on sperm quality,
including reduced motility, decreased concentration, and abnormal morphology [7].

Studies have advanced our understanding of the mechanisms by which certain bacteria
can disrupt the biological processes involved in sperm production and function. Asymp-
tomatic bacteriospermia, observed in a significant proportion of infertile men, triggers
local inflammatory processes, increases production of reactive oxygen species (ROS), and
induces mitochondrial dysfunction, thereby impairing sperm quality [32]. Oxidative stress
caused by the bacteria can lead to DNA damage, reduce motility, and disrupt sperm struc-
ture. Some bacteria, such as Escherichia coli, also promote sperm agglutination, rendering
sperm immobile. Furthermore, leukospermia, by enhancing the release of free radicals and
pro-inflammatory cytokines, intensifies oxidative stress and exacerbates these alterations,
further compromising male fertility [33].

The distribution of the various bacteria identified in the studies according to their
frequency of occurrence in the control group with “normal sperm parameters” and in the
case group “with one or more sperm alterations” is summarized in Figure 2.

» w 0 L on ow . e = « o
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T eEz§¢5223s5¢8085EE 39T 258E0cEECgR 222528260883
s S < 5§ € o5 06 2 88 @ 2§ 8589 S a8 ot g e ® g €T T T @ S8 8 8 A =
S cas bk §2 8 Q9 g 3 £ 3 w0 @ S x 2 028 525 2 % go EQLT o aoc D
O = 9 F ® a g & c o c v p 2T B YgsE2GEREL LSS 9 £
8T ESEY grp2gLugSsS g i8R RENFEES 28 8 S8 cr8g8F e
3 > o = ¢85 9T > S gz wWw o LD o % ¢ 8 3 8 £ 5 2 £33 8@
@ c & S =g £ £ O < 9 z =1 s e =288 8t8E s © 3
£ o ® C S a s = < 5 2 8 5 5 35 < 5 £ o ke
a O g < s ] < = o S © B o G A |
[} S i » 2 & 5 g & & & a
d a < 2 T o @ [9]
w a g P2 w
3 8 o 15
¥ o o
£ 8
€ <]
B 2
a

2
o 2
© 7]
a g
o
o
o
m Semen without abnormalities m Semen with abnormalities

Figure 2. Distribution of identified bacteria by frequency of citation in the different groups: “normal
semen parameters” (in blue) and “altered semen parameters” (in red).
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4.1. Bacteria Associated with Normal Sperm Parameters

In our review, the bacteria most commonly found in the semen of men without
abnormalities are Lactobacillus spp., well recognized for their beneficial role in human and
animal health. These Gram-positive bacilli possess lactate-producing and anti-inflammatory
properties. The lactate they produce serves as an essential intermediate metabolite in the
synthesis of short-chain fatty acids (SCFAs) by the intestinal microbiota. These SCFAs play a
fundamental role in numerous biological processes, including those related to reproductive
health and fertility [34]. Furthermore, lactobacilli exhibit strong anti-inflammatory effects
by modulating the JAK/STAT and NF-«B pathways, thereby reducing the production of
pro-inflammatory cytokines such as IL-6 and IL-1f [35]. A recent study evaluated the effect
of postbiotics derived from the probiotic Lactobacillus rhamnosus PBO1 on various sperm
parameters, including progressive and total motility, viability, morphology, oxidative stress
levels, and antioxidant enzyme activity. The results demonstrated that these postbiotics
exert protective effects on sperm quality by reducing oxidative stress [36].

Bifidobacterium is another Gram-positive bacillus frequently identified as potentially
beneficial for male fertility. Renowned for its probiotic properties, it is distinguished by its
ability to produce lactate and butyrate. Butyrate plays a key role in modulating the immune
response, limiting abnormal cell proliferation by inducing apoptosis, and regulating gene
expression via epigenetic mechanisms. In addition, it helps reduce inflammation, notably
by inhibiting pro-inflammatory cytokines secretion and stimulating anti-inflammatory
cytokines [37,38]. Butyrate thus protects testicular cells against pyroptosis, a form of
inflammatory cell death usually triggered by infection or cellular stress, while maintaining
their optimal function [38,39].

Like Bifidobacterium, Propionibacterium spp. is recognized for its beneficial effects on
intestinal health, notably through its role in restoring and maintaining microbiological
balance. These bacteria also contribute to the production of organic acids, which inhibit the
proliferation of pathogenic microorganisms. By promoting an environment that reduces
inflammation, improves digestive function and nutrient absorption, and enhanced local
immune defenses, this bacterium could positively influence spermatogenesis [40].

Other bacteria, such as Peptostreptococcales-Tissierellales, Achromobacter spp., Cutibac-
terium spp., Mobiluncus spp., Gordonia spp., and Flavobacterium spp., have been identified in
semen samples without abnormalities, but this observation was reported in only a single
study. The available data remain insufficient to clarify their mechanisms of action, roles
and potential impact on male fertility.

4.2. Bacteria Associated with Impaired Sperm Parameters

Prevotella was frequently identified in studies, both in control groups and in patients
with impaired sperm quality. In women of childbearing age, Prevotella species may induce
local inflammation and contribute to the development of bacterial vaginosis [41]. Although
less well studied, the presence of Prevotella in sperm could play a role in male infertility
by negatively affecting sperm quality, notably through a reduction in sperm concentration
and motility. This bacterium could also be associated with negative results during in vitro
fertilization (IVF) attempts, as suggested by the work of Okwelogu et al. (2021) [20].

Escherichia coli is also one of the primary microorganisms detected in semen, and when
its presence exceeds a certain threshold, it can negatively affect sperm quality. Eliminating
this bacterium not only improves sperm quality but also increases the likelihood of success
in ART [7]. This bacterium reduces sperm motility, viability, and concentration by inducing
damage to sperm DNA and compromising genetic integrity. These effects are due result
from the production of toxins and enzymes that disrupt sperm cell functions, as well as from
local inflammation that generates oxidative stress, damaging both the sperm membrane and
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genetic material. Moreover, E. coli produces lipopolysaccharides (LPS), major components
of the outer membrane of Gram-negative bacteria, which trigger a local immune response
leading to a systemic inflammatory state implicated in numerous metabolic disorders [42].

Similarly, when detected above a certain threshold, Klebsiella pneumoniae and Proteus
spp., two Gram-negative bacteria that produce LPS, are associated with alterations in sperm
quality, including reduced sperm concentration and motility as well as increased sperm
DNA fragmentation [7,19].

In contrast, Streptococcus is a bacterium that can colonize various parts of the human
body, including seminal fluid, potentially causing different types of infections. It adversely
affects sperm quality when its concentration exceeds 5 x 10° CFU/mL, leading to oligo-
asthenozoospermia and teratozoospermia [7,43]. Furthermore, excessive lactate production
by certain Streptococcus strains can acidify the local environment, creating conditions toxic
to sperm and potentially detrimental to male fertility [44,45].

In four of the reviewed studies, the presence of Pseudomonas was correlated with
sperm alterations, including reduced sperm motility and concentration. Animal stud-
ies have demonstrated that exposure to Pseudomonas aeruginosa markedly reduces sperm
motility and viability, even at moderate bacterial concentrations. At higher concentra-
tions, the effects are amplified, causing visible damage to plasma membrane integrity
and morphological abnormalities. These changes are attributed to toxins secreted by the
bacterium and its enzymatic activities, which induce oxidative stress and negatively impact
spermatozoa [46,47].

Another bacterium identified in seminal fluid that can negatively affect sperm param-
eters is Enterococcus spp. Contrary to the common belief that Enterococcus spp., specifically
E. faecalis, remains confined to the intestinal flora, recent studies have shown that it can
invade host cells, disseminate to various organs, and cause severe infections. This cellular
invasion is facilitated by several virulence factors, including adhesion proteins, lytic en-
zymes, and cytolytic toxins [47,48]. The presence of E. faecalis in semen is often associated
with genitourinary infections, such as prostatitis or epididymitis [49], which can impair
sperm quality, as demonstrated by Volz et al. (2022) [22].

Another bacterium detected in cases of reduced sperm concentration and motility
through 16S RNA sequencing is Ralstonia [50]. This bacterium can colonize the male repro-
ductive system, inducing local inflammation. In response, immune cells trigger abnormal
phagocytosis of spermatozoa, leading to their extensive destruction via cytolysosomal
mechanisms [51].

Although rarely pathogenic, some Aerococcus species, such as Aerococcus urinae or
Aerococcus sanguinicola, have been implicated in opportunistic infections, particularly in
the urogenital tract. This bacterium has been identified in several studies included in this
review and shown to cause significant alterations in sperm parameters, notably reductions
in sperm motility and concentration, and increased proportion of atypical forms [52].

Among the bacteria identified in the studies analyzed, researchers also noted the
presence of Ureaplasma spp., a member of the Mycoplasma genus. Although its presence is
often asymptomatic, it can be associated with sperm abnormalities and ART failure. In
the study by Yang et al. (2020) [17], this bacterium was significantly linked to reduced
sperm motility, while Okwelogu et al. (2021) [20] reported its involvement in azoospermia
cases. The underlying mechanisms include local inflammatory processes, increased reactive
oxygen species (ROS) production, and sperm DNA fragmentation [53].

Bacteroides is a Gram-negative anaerobic bacterium primarily found in the human
intestinal flora [54]. Certain strains can produce toxins or promote chronic inflammation,
particularly when they proliferate excessively or migrate outside the gut. A recent study in
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China highlighted a potential link between gut microbiota imbalance and reduced sperm
motility [55].

Gemella is a commensal bacterium that naturally colonizes the oral cavity [56-58]. In
fertility research, only two studies, by Hou et al. (2013) [12] and Monteiro et al. (2018) [14],
reported an association between Gemella and sperm alterations, including oligozoospermia,
asthenozoospermia, and teratozoospermia. Although this bacterium is not commonly
linked to fertility problems, its presence in the female or male urogenital microbiota could
negatively impact sperm quality and the vaginal environment [58,59].

Another Gram-negative anaerobic bacterium found in seminal fluid is Sneathia spp.,
frequently detected in women with bacterial vaginosis, contributing to local inflamma-
tion through lipopolysaccharides (LPS) production and biofilm formation resistant to
treatments [60].

Other bacteria, such as Haemophilus, Collinsella spp., Acinetobacter, Facklamia spp.,
Serratia spp., Pelomonas, and others, have been identified in various studies. Although
these bacteria are not considered primary pathogens in male fertility disorders, some may
indirectly influence sperm quality. However, current knowledge remains limited [30,61,62].

4.3. Bacteria Associated with Sperm with and Without Abnormalities

Although Lactobacillus is recognized for its probiotic properties linked to lactate pro-
duction, this bacterium has also been identified in five studies as being associated with
impaired sperm quality. Excessive lactate production, resulting from an imbalance in
the microbial flora, can lead to accumulation of lactic acid, causing acidification of the
environment and thereby impairing male fertility. This is particularly true for Lactobacillus
iners, which can produce the L-isomer of lactic acid, inducing a local pro-inflammatory en-
vironment that significantly alters sperm motility. In women, an association has even been
shown between Lactobacillus iners and pro-inflammatory cytokines, notably TNF-« [63].

Three studies included in this review revealed the presence of Gardnerella in semen,
mainly in individuals with normal sperm parameters. In the study by Garcia-Segura et al.
(2022) [26], a decrease in Gardnerella was observed in groups with teratozoospermia and
asthenozoospermia. Furthermore, Okwelogu et al. (2021) [20] concluded that there is a
shared microbial equilibrium between the vagina and semen, highlighting that Gardnerella
is among the bacteria common to both genital mucosae. This suggests that a healthy or
dysbiotic vaginal environment can influence the partner’s seminal microbiota, and vice
versa [20]. In fact, sialidases, enzymes produced by Gardnerella vaginalis, induce structural
alterations in the sperm glycocalyx, disrupting its essential physiological properties. This
degradation compromises several key functions, including reduced motility, increased
vulnerability to external stressors, and impaired oocyte recognition, ultimately hindering
fertilization [64]. Other mechanisms have also been identified, such as environmental
changes, including increased pH, which create conditions unfavorable to sperm survival
and motility [20]. However, the direct effect of Gardnerella on male fertility remains poorly
understood and requires further research.

Staphylococcus is frequently cited in studies as a bacterium found in sperm from
patients with no abnormalities. Like other commensal bacteria, it can be present under non-
pathological conditions without affecting male fertility. Its pathogenicity depends primarily
on concentration. According to Boitrelle et al. and the REMIC (Référentiel en microbiologie
médicale), it should be considered pathogenic above 5 x 10° CFU/mL [65,66]. In eleven
studies, a link was established between Staphylococcus and reduced sperm quality. This bac-
terium is known to impair sperm through induction of oxidative stress and DNA damage.
Specifically, Staphylococcus aureus has demonstrated these effects at concentrations exceed-
ing 10* CFU/mL, contributing to male infertility via reduced motility, decreased sperm
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survival, and increased DNA fragmentation [65]. These alterations directly undermine
fertilizing potential and may compromise embryo development [66,67].

Similarly, Corynebacterium has been identified in seminal fluid, notably in healthy
donors in the study by Hou et al. (2013) [12], as well as in the control groups of
Monteiro et al. (2018) [14], Yang et al. (2020) [17], and Okwelogu et al. (2021) [20]. This
Gram-positive bacillus is generally considered commensal but may become pathogenic
above a certain threshold. Research shows that Corynebacterium is associated with re-
duced sperm concentration and motility. It has been detected in high abundance in
cases of azoospermia (Hou et al., 2013 [12]; Okwelogu et al., 2021 [20]), necrozoosper-
mia (Hannachi et al., 2018 [15]), and a low sperm DNA fragmentation index (He et al,,
2024 [28]). Its mechanism involves local inflammation, increased ROS production, and
sperm DNA damage. This discrepancy across studies likely reflects variations in bacterial
load, as Corynebacterium may affect sperm only when present in excess. Although frequently
identified in seminal microbiota, it remains understudied [68].

Another bacterium, less frequently isolated in semen, is Finegoldia, a Gram-positive
anaerobic bacterium generally found in control groups with normal sperm parameters.
However, as the study by Hou et al. (2013) [12] revealed, it has also been identified in
individuals with oligozoospermia or asthenozoospermia. Finegoldia is part of the normal
human microbial flora of the genital mucosa, upper respiratory tract, and digestive tract.
Although primarily commensal, it can become an opportunistic pathogen, particularly in
situations of microbiota imbalance or immune deficiency [69].

Veillonella, although rarely isolated in semen, has been detected both in control groups
and in individuals with altered sperm parameters. This strictly anaerobic bacterium is
part of the normal urogenital flora. The species Veillonella seminalis has been specifically
found in semen, suggesting a possible role in urogenital infections or seminal microbiota
composition [70]. Although its presence has been associated with fertility disorders such
as oligozoospermia or even azoospermia in certain studies, it has also been found in
individuals with no apparent pathology, as noted in the Hou et al. (2013) control group [12].

Acinetobacter was also reported both in control groups and in groups with altered sperm
parameters. In seminal fluid, its mechanisms of action and impact on sperm remain largely
unknown, and further research is needed to understand its potential role in male fertility.

4.4. Limitations

In four of the included studies, the authors used standard bacterial culture, a method
commonly employed in laboratories to detect infections present in seminal fluid. Boitrelle
et al. mentioned guidelines for the management of a positive sperm culture in ART,
establishing pathogenicity thresholds beyond which a bacterium is considered clinically
significant and must be treated [7]. From there, one major limitation of these studies lies in
the fact that they rely mainly on bacterial identification without specifying the associated
concentrations, which can cloud the interpretation of the results. Only qualitative criteria
are reported—namely, the presence or absence of these bacteria. This likely explains why
the same bacteria are found both in patients with altered sperm parameters and in those
with normal semen profiles.

Standard bacterial culture has significant limitations in the identification of bacteria,
as it may overlook those that require specific growth conditions or that are present in low
concentrations. According to some studies, up to 50% of bacteria in certain environments
remain unculturable with current techniques, reducing the ability of this method to provide
a comprehensive representation of the microbiome [71].

The majority of studies used 165 rRNA gene sequencing, an approach based on the
amplification and analysis of the 165 ribosomal RNA gene. This region is both highly
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conserved among bacterial species and contains variable segments that enable their specific
identification. 16S rRNA sequencing therefore offers a more comprehensive view of the
microbiome, making this technique essential for studying complex microbial communities,
particularly due to its ability to detect bacteria that are unculturable or difficult to isolate [72].
In addition, one of the factors that may limit the validity of the included studies is the choice
of hypervariable regions of 16S rRNA that were sequenced. There are nine such regions (V1
to V9). The V3-V4 region has been shown to offer the best compromise between accuracy,
coverage, and cost for taxonomic profiling of the vaginal microbiota using NGS technology.
However, each hypervariable region offers different taxonomic resolution, which may
influence the results obtained [73]. In the included studies, not all hypervariable regions
were consistently explored, which may introduce comparative bias between studies.

Additionally, one of the main limitations of these studies is their limited sample size.
The small number of patients included in most investigations reduces statistical power and
compromises the ability to draw robust conclusions. This also increases the risk of biased
or non-representative results.

Furthermore, biological samples such as semen are particularly sensitive to environ-
mental contamination or contamination during laboratory handling, which can introduce
bacteria unrelated to the seminal microbiome, complicating data interpretation. However,
sample collection procedures were not always clearly described, introducing uncontrolled
variability that may affect the reliability of the findings.

Notably, the included studies did not systematically report or adjust for key potential
confounding factors, such as the female partner’s microbiota, prior antibiotic exposure, or
variations in semen collection and processing techniques. The absence of these data limits
our ability to fully interpret associations between seminal bacteria and sperm quality or
ART outcomes.

Finally, among the limitations of this review, it is important to highlight the lack of
studies in which the primary outcome is the rate of natural fertility, which remains a key
goal for most patients undergoing fertility evaluation.

5. Opening and Conclusions

Providing probiotics to men with abnormal sperm parameters and a seminal mi-
crobiota containing potentially pathogenic bacteria appears to offer promising benefits.
This raises two key questions: Can oral probiotics influence the composition of the sperm
microbiota? Is there a functional link between the intestinal and seminal microbiota that
would justify using oral probiotics to modulate seminal flora? By helping restore microbial
balance and reducing oxidative stress, probiotics may contribute to normalizing sperm
parameters in infertile men [74]. To date, however, no dietary supplement specifically
aimed at improving male fertility includes probiotics or postbiotics.

Beyond bacteria, other microorganisms—viruses and fungi—may also influence male
fertility, although these aspects remain insufficiently explored. Research on the virome (the
ensemble of viruses within an ecosystem) and fertility is still limited. Available data suggest
that a diverse, balanced virome may be associated with a higher chance of IVF success,
whereas the presence of pathogenic viruses (such as HPV, HSV, or Polyomavirus) could
reduce reproductive outcomes. In particular, HPV infection appears to be a potentially
harmful factor for male fertility, negatively affecting both sperm quality and assisted
reproduction results [75,76].

Similarly, the impact of the mycobiome—the fungal component of semen—on sperm
quality remains largely unexplored. Few studies have investigated its role in male fertility.
For example, in vitro exposure to Candida spp. has been shown to significantly reduce
sperm motility and induce sperm DNA damage. Its presence also triggers the production
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of pro-inflammatory cytokines, potentially worsening local inflammation within the male
genital tract [77].

Altogether, these findings underscore the need for a more comprehensive under-
standing of how the microbiome, virome, and mycobiome interact with male reproductive
function. Further research is essential to clarify these complex relationships and their impact
on fertility. Currently, the causes of male infertility often remain elusive, and therapeutic
options are limited. The widespread use of ICSI to overcome sperm abnormalities has
overshadowed alternative approaches, and microbiota analysis is still not part of standard
diagnostic protocols.

Adopting a holistic approach that integrates all three components—microbiome, vi-
rome, and mycobiome—could pave the way for innovative strategies, including probiotics,
sperm decontamination methods for IVE, HPV vaccination, and phage-based therapies
aimed at modulating the microbiota.

This literature review highlights the influence of the seminal microbiota on infertility—an
area that has long been overlooked but holds considerable promise. The discoveries already
made, along with future advances, offer encouraging prospects for managing sperm abnor-
malities and improving the care of infertile couples undergoing assisted reproduction.

Author Contributions: Conceptualization, R.Y. and A.].F,; writing—original draft preparation, R.Y.
and A.J.F,, writing—review and editing, R.Y., AJ.E, C.A.-V, AL, E.S,; supervision, A.].LF. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

ART Assisted Reproductive Technology
CFU/mL  Colony-Forming Units per Milliliter
DNA Deoxyribonucleic Acid

ERO Espécesréactives de I'oxygene

HPV Human Papillomavirus

HSV Herpes Simplex virus

ICsI Intra Cytoplasmic Sperm Injection
IGAM Infection of the Male Accessory Glands
IVF In Vitro Fertilization

NGS Next-Generation Sequencing

PCR Polymerase Chain Reaction

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses
rDNA Ribosomal DeoxyriboNucleic

REMIC Référentiel en microbiologie médicale

RNA Ribonucleic Acid

SCFAs Short Chain Fatty Acids

WHO World Health Organization
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