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Abstract

Infertility is a multifaceted issue affecting millions globally, with male factors contributing to
approximately 50% of cases. Traditionally, male infertility has been linked to genetic, hormonal, and
environmental factors. However, emerging research highlights that disruptions or imbalances of the
microbiota residing in the male reproductive tract, including the prostate, seminal vesicles, and urethra
have significant implications for male reproductive health.

Male urogenital system, particularly the urethra is home to a wide variety of microorganisms with
rather high quantity.

The composition of male genital microbiome can vary significantly between individuals and
while the core microbiome is consised of a few dominant species a high variability is noted in minor
species. It is predominantly composed of bacteria, with species from the genera Lactobacillus,
Staphylococcus, Corynebacterium, and Propionibacterium being commonly found.

Differentiating between pathogenic bacteria and the usual resident microflora is a difficulty in
clinical practice, especially when it comes to male infertility. Furthermore, even though it is often benign,
an imbalance in the commensal microbiota might encourage inflammation or foster an atmosphere that is
favorable for pathogenic infections. Therefore, it is crucial to comprehend and maintain this equilibrium
in order to create successful plans for the treatment and prevention of infertility.

Traditional diagnostic approaches on male infertility focus on hormonal levels, sperm analysis,
sperm culture and genetic factors, but unlike conventional culture methods which might find it difficult to
distinguish between pathogenic and benign microorganisms because of genotypic and phenotypic
overlaps and low pathogen presentation, developments in molecular methods for microbiota analysis,
offer the possibility of more precise diagnosis and treatment of urogenital infections and imbalances.
Modulating the genital microbiome could offer new treatment strategies for male infertility and related
conditions.
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Introduction

Infertility is a multifaceted issue affecting millions globally, with male factors contributing to
approximately 50% of cases [1, 2]. Traditionally, male infertility has been linked to genetic, hormonal,
and environmental factors. However, emerging research highlights that disruptions or imbalances of the
microbiota residing in the male reproductive tract, including the prostate, seminal vesicles, and urethra
have significant implications for male reproductive health.
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Human cells are surpassed by the microbiota, which is composed of microorganisms that reside
within humans, by a factor of 10 [3, 4, 5].

It is said that we are born 100% human but we die 90% microbial which means that there are ten
times more microbial than human cells in our body, and that each of us contains 150 times more
microbial than human genes. Our microorganisms are collectively known as microbiota. The genomes of
these microbiota act together as a living system known as the microbiome (i.e.,the collection of genes in
the microbiota).

The existence of a microbial fauna connected with humans has been the subject of numerous, in-
depth research in recent years. Scientific initiatives such as the "Human Microbiome Project” (HMP) of
the National Institutes of Health in the United States of America spanned nearly ten years, beginning in
2007, to identify the presence of a microbial fauna in various human body niches as well as the effects of
microbes on human health [6].

Seminal Fluid Microbiota

The seminal fluid microbiota refers to the diverse population of microorganisms, including
bacteria, fungi, and viruses, present in the semen. Historically, semen was considered a sterile
environment, but advancements in microbial detection techniques have revealed a complex microbial
ecosystem. These microorganisms are believed to play a role in maintaining reproductive health,
influencing sperm function, and potentially contributing to infertility.

Male microbiota dysbiosis (seminal fluid) and female microbiota dysbiosis (vaginal, endometrial,
and placental) might affect fertility and have a negative effect on a number of disorders, including
preterm birth, newborn diseases, and impairments in macroscopic sperm parameters.

In 30% of cases, the cause of abnormal semen analysis (SA) parameters remains unknown;
research on the semen microbiome may help fill this knowledge gap [1, 2].

The use of prognostic markers for dispermic conditions (oligozoospermia, astenozoospermia,
teratozoospemia), azoospermia, and post-finasteride syndrome, as well as the identification of a causal
relationship between the presence of microbiological fauna in seminal fluid and its influence on the
spermatogenesis process are all areas of ongoing research [7].

A multitude of data points that the commensal microbial fauna found in the male genitourinary
tracts is multi-originated, originating from distinct urogenital tissues such as the bladder, prostate, and
urethra, and contributing to the seminal microbiome (SMB). Because of its abundance of various
nutrients, proteins, carbohydrates, and inorganic ions, the seminal fluid is an especially good habitat for
meeting the trophic requirements of a microbial population [8].

Seminal fluids from both healthy and infertile patients exhibit the presence of microbial bacteria.
E. faecalis, E. coli, S. agalactiae and U. urealyticum species were found in the seminal fluids [9].

Numerous investigations conducted recently have discovered that the bacterial seminal fluid
composition of both azoospermic patients and healthy donors is primarily defined by the same phyla of
bacteria [10].

Compared to healthy individuals, who exhibited a significant prevalence of Lactobacillus,
patients with low quality sperm morphology showed an increased abundance of Ureaplasma,
Enterococcus, Mycoplasma and Prevotella [11].

Furthermore, it was found that Bacteroides ureolyticus was associated with poor quality sperm
morphology [11].

Also, compared to healthy individuals, azoospermic patients had higher concentrations of
Bacteroidetes and Firmicutes and lower concentrations of Proteobacteria and Actinobacteria. The
Firmicutes phylum and the species Neisseria, Klebsiella and Pseudomonas appeared as the most relative
numerous in the oligo-astheno-teratozoospermic with a reduction in Lactobacillus [12].

Patients with sperm hyperviscosity showed a decrease in Lactobacillus and an increase in
Firmicutes and Proteobacteria.
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The most prevalent microbial genera found in both healthy donors and dispermic patients are
Fusobacteria, Firmicutes, Actinobacteria, Pseudomonas, Prevotella, and Proteobacteria [11] while
Anaerococcus and Prevotella were found in samples of poor quality [13]. Pseudomonas was directly
connected with sperm motility, but the number of Prevotella was negatively correlated with sperm
concentration [14].

In oligo-asthenozoospermic individuals, the Lactobacillus genus was dramatically reduced.
Remarkably, a variety of bacterial genera and species, such as Acinetobacter iwoffii, Lactobacillus,
Anaerococcus, Ureaplasma, and Bacteroides, can serve as biomarkers for asthenozoospermia [10].

As per Hou et al., there was not major distinction between the flora composition of the infertile
males and the control group [15]. This research team only found a connection between lower semen
quality and an increase of Anaerococcus in infertile men. In the samples of 96 infertile males that Weng
et al. studied the species Lactobacillus, Pseudomonas, Prevotella, Gardnerella, Rhodanobacter,
Streptococcus, Finegoldia, and Haemophilus were identified with Prevotella spp. being more common in
those with poor sperm quality [16].

In another study comprising 101 men with dysspermia and 58 men in good health the seminal
microbiota of healthy men was considerably different from that of patients with asthenozoospermia and
oligoasthenozoospermia [10].

In this study conducted by Yang et al., Enhydrobacter, Anaerococcus, Mycoplana, Finegoldia,
Stenotrophomonas, Methylobacterium, Coprobacillus, Aerococcus, Atopobium, Chryseobacterium,
Kocuria, Megasphaera, Ralstonia, Achromobacter, Ervinia, Ureaplasma, Filifactor, Prevotella,
Saccharopolyspora and Porphyromonas have been identified in patients with dysspermatism while
Pelomonas, Propionibacterium, Bosea, Afipia, Sphingomonas, Vogasella, Brevibacillus,
Xylanimicrobium, Flexispira, Pedomicrobium, Phyllobacterium, Aquimonas, Dietzia, Sediminibacterium,
Mycobacterium, Eikenella, Brevibacterium, Corynebacterium, Eubacterium and Bacillus spp. were the
most common types in the healthy control group. Gram-negative species predominated in men with
asthenozoospermia and oligozoospermia, granting lipopolysaccharides and inducing inflammatory
responses that could lead to the loss of sperm DNA [10].

Chen et al. also provided evidence of Lactobacillus in the semen of healthy men. Three groups of
men were examined: those with unobstructive azoospermia, those with obstructive azoospermia, and men
with normal semen [17].

Men with azoospermia had a lower flora variety than the normal semen group, but Bacteroides
and Firmicutes predominated. In the normal semen group, Proteobacteria and Actinobacteria were more
prevalent.

Farahani et al. found that a significant increase in Corynebacterium, which is normally part of the
microbiota, leads to reduced sperm motility [11].

Weng et al. observed that normal semen had a higher proportion of Propionibacterium spp. and
Atopobium spp. compared to abnormal samples, suggesting these bacteria play a role in maintaining
semen quality and protecting against the detrimental effects of gram-negative bacteria [16].

Lundy et al. detected Streptococcus anginosus in both fertile men and those with infertility. In
infertile men, this was linked to increased sperm necrosis and reduced sperm count [18].

Elevated levels of Neisseria or Klebsiella pneumoniae and reduced Lactobacillus in semen have
been associated with excessive sperm viscosity and oligoasthenoteratozoospermia [19, 20].

The presence of Escherichia coli, Proteus mirabilis or Proteus vulgaris has been connected to
decreased sperm motility, acrosome damage, DNA fragmentation, and sperm death [21]. Additionally,
pathogenic species such as Pseudomonas aeruginosa or Pseudomonas putida have been linked to reduced
sperm count and abnormal morphology, with an imbalance favoring Pseudomonas over Lactobacillus
also associated with high semen viscosity and oligoasthenoteratozoospermia [22]. Increased apoptosis and
necrosis of sperm have been observed in semen containing Morganella morganii [23].
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Mechanisms of microbiota adverse impacts on fertility

Microorganisms have a pathogenic effect on sperm due to not only close contact between cells
and bacteria, but also the influence of virulent substances such as lipopolysaccharides, cytotoxic
necrotizing factor, hemolysins, and sperm immobilization factor. Hemolysins can impair cell membrane
integrity, and sperm immobilization factor inhibits mitochondrial ATPase activity, limiting sperm
mobility and viability [24, 25].

Long-term antibiotic therapy improved semen parameters, such as sperm structural defects, in
men with genitourinary infections. Antibiotic therapy enhances sperm concentration and dramatically
reduces sperm DNA fragmentation in men with urogenital infection, statistically [26, 27].

The mechanisms by which seminal fluid microbiota affect male fertility are still under
investigation. However, several potential pathways have been proposed:

» Inflammation: An imbalance in the microbiota can trigger inflammatory responses in the
reproductive tract. Chronic inflammation may damage sperm cells and impair their function.

> Immune response: An altered microbiota may affect the local immune environment, leading to
immune-mediated damage to sperm or disruption of sperm maturation processes.

» Microbial metabolites: Certain bacteria produce metabolites that could influence sperm maotility
and morphology. For instance, microbial byproducts might interact with sperm cells, altering
their function.

» Disruption of microbial balance: A healthy microbiota is crucial for maintaining reproductive
health. Disruptions in this balance can create an environment that is unfavorable for sperm
function and overall fertility.

Conclusion

The seminal fluid microbiota represents a novel and promising area of research in the field of
male infertility.

While the precise impact of microbial communities on sperm health and fertility is still being
elucidated, existing evidence suggests that alterations in the microbiota may contribute to infertility.

The discovery of a link between seminal fluid microbiota and male infertility opens new avenues
for diagnosis and treatment. Future research should focus on: maping the microbial communities in
seminal fluid and their variations in infertile versus fertile men, investigating the exact mechanisms
through which microbiota affect sperm health in order to provide insights into potential therapeutic
targets, developing interventions and targeted therapies (such as probiotics, antibiotics, or other
microbiota-modulating treatments).

One of the most crucial steps towards improving male reproductive health would be Incorporating
microbiota profiling into routine fertility examinations. This would expand our understanding of the
reasons of infertility and enable development of more individualized treatment approaches.
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