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Abstract: Reproductive tract dysbiosis, due to the action of pathogens and/or unhealthy lifestyle,
has been related to many reproductive diseases and disorders in mammalian species. Classically,
such a problem has been confronted by the administration of antibiotics. Despite their effectiveness
for controlling disease, treatments with antibiotics may negatively affect the fertility of males and
females and, mainly, may induce antibiotic resistance. Accordingly, safer alternatives for maintaining
reproductive system eubiosis, such as probiotics, are required. The present review summarizes the
current knowledge on the biodiversity of the microbiota at the reproductive tract, possible changes in
the case of dysbiosis, and their relationships with adequate reproductive health and functioning in
both females and males. Afterwards, mechanisms of action and benefits of different probiotics are
weighed since the biological activities of probiotics may provide a promising alternative to antibiotics
for maintaining and restoring reproductive eubiosis and function. However, at present, it is still
necessary for further research to focus on: (a) identifying mechanisms by which probiotics can affect
reproductive processes; (b) the safety of probiotics to the host, specifically when consumed during
sensitive reproductive windows such as pregnancy; and (c) the hazards instructions and regulatory
rules required for marketing these biological-based therapies with sufficient safety. Thus, in this
review, to draw a comprehensive overview with a relatively low number of clinical studies in this
field, we showed the findings of studies performed either on human or animal models. This review
strategy may help provide concrete facts on the eligible probiotic strains, probiotics colonization and
transfer route, and prophylactic and/or therapeutic effects of different probiotic strains.

Keywords: fertility; mammals; eubiosis; probiotics

1. Introduction

Plenty of unfriendly factors can adversely affect the community of the reproduc-
tive tract’s microbiome in both human beings and/or animals because of either modern
lifestyle or industrialization and intensification of production, leading to reproductive tract
dysbiosis and the need for restoring a eubiotic state.

Reproductive dysbiosis has been related to several reproductive disorders and in-
fertility. The use of antibiotics and the use of probiotics are basically two hypothesized
approaches that could be used to control reproductive tract microbiota. In this context, sev-
eral studies have confirmed the beneficial effects of antibiotics to tackle many reproductive
microbial infectious diseases and related infertility [1–3]. On the other hand, treatment
with antibiotics, even if for the short-term, can negatively affect the fertility of males and
females [3,4]. Furthermore, the widespread use of antibiotics poses a serious health risk due
to the development and spread of multiple-antibiotic-resistant microbial species [5]. These
aspects evoke scientists to find more safe and ecofriendly alternatives for maintaining re-
productive system eubiosis, such as probiotics. Etymologically, the term probiotic includes
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two clauses: The first clause is originated from the Latin preposition pro that means “for”
or “in support”, and the second clause is originated from the Greek adjective biotic that
means “life”, so together, they mean “in support of life”. Scientifically, probiotics refer to
viable microorganisms that have beneficial effects on the consumers’ health.

Many studies have shown the positive effects of probiotics-based therapies on repro-
ductive health in human [6–9] and animal models [10,11]. Probiotics support reproductive
tract eubiosis and the fertility of the host due to their antimicrobial, antioxidant, anti-
inflammatory, and immunomodulatory activities. In the field of human reproductive
health, the use of probiotics either through oral or vaginal route of administration has
proved its effectiveness against many reproductive disorders in women (i.e., vaginosis,
polycystic ovary syndrome, and pre-term delivery [12,13]). Similarly, probiotics show
positive effects on male fertility and semen quality [8]. In animal models, probiotics have
been used to mitigate the negative effects of many reproductive disorders, specifically those
impairing the immune-inflammatory system and/or due to the action of infectious diseases
such as post-partum endometritis [14].

The present review sheds the light on: 1- the relationships between reproductive
tract eubiosis/dysbiosis and reproductive health and functioning; 2- the use of probiotics
for maintaining and restoring reproductive eubiosis and function with emphasis on their
properties, mechanisms of action, and benefits for reproductive function; 3- the safety of
probiotics to the host; and 4- the litigation and regulatory rules required for marketing
these biological-based therapies.

2. Biodiversity of the Reproductive Tract Microbiota and Fertility
2.1. Human Model

A direct relationship between the biodiversity of reproductive tract microbiota and
reproductive health and the completion of different reproductive events has been confirmed.
The microbial biodiversity of the reproductive tract is highly dynamic and is affected by
several internal and/or external factors. However, for maintaining adequate reproductive
functioning and health, the prevalence of beneficial microbes should be ensured. The
prevalence of some microbial species has been related to sufficient reproductive health
and functions. Some microbial species are classified as beneficial microbial strains, mainly
Lactobacillus species, as well as Acinetobacter, Pseudomonas, Comamonadaceae, Jonquetella,
Fusobacterium, Bacteroidetes, and Preovotella [15]. In contrast, other microbial species such as
Escherichia coli, Trueperella pyogenes, Enterococci, Enterobacteriaceae, Streptococci, Ureaplasma,
and Staphylococci are classified as pathogenic microbes and have been linked to several
reproductive disorders [1,16,17].

Either in males or females, reproductive tract dysbiosis has been related to many
reproductive dysfunction and infertility. Dysbiosis (the dominance of pathogen-driven
microbes) of the reproductive tract can disrupt numerous vital reproductive functions
such as gametogenesis, steroidogenesis, embryo development and implantation, and
establishment of pregnancy [18].

In women, many gynecological diseases are related to the dysbiosis of endometrial
microbiome, i.e., chronic endometriosis [19], dysfunctional endometrial bleeding [20], en-
dometrial polyps [21], endometrial cancer [22], and preterm delivery [17]. The uterus of
women with endometrial cancer is harbored by Atopobium vaginae, Acinetobacter, Cloacibac-
terium, Comamonadaceae, Escherichia, Porphyromonas, and Pseudomonas [23,24]. In women
suffering from vaginitis, an overgrowth of Bacteroides, Mobiluncus, Trichomonas vaginalis,
and Candida species was seen in vaginal smears [25]. The dysbiosis of different sites of
the reproductive tract was not only related by the emergence of reproductive diseases but
it can also disrupt reproductive functions, leading to infertility. In this context, women
who had microbial species Propionibacterium, Streptococcus, Actinomyces, Bifidobacterium, and
Propionibacterium in their follicular fluid had less embryo transfer and pregnancy outcomes
following in vitro fertilization and embryo transfer [26]. In women of reproductive age, it
has been reported that about 30% to 71% of women suffering infertility showed endometrio-



Nutrients 2022, 14, 902 3 of 18

sis. Furthermore, implantation failure and pregnancy loss are associated with the negative
effects of endometrial microbiota that are not dominated by Lactobacillus [27,28].

In women, reproductive tract microbial biodiversity is highly dynamic and affected
by several factors, mainly hormonal changes related to the stage of the reproductive cycle.
High estrogen levels, such as around ovulation time, have been found to contribute to
the maintenance of reproductive tract eubiosis. Estrogens maintain the acidity of the
vaginal fluids, which makes them suitable media for the growth of beneficial bacteria
lactobacilli. On the other hand, low levels of estrogens and the increment in pH such as that
induced around menstrual period can shift the reproductive tract from eubiosis to dysbiosis
through lowering the number of lactobacilli and increasing the opportunity of undesirable
microorganisms’ growth, increasing the susceptibility of infectious pathogens [29,30].

In men, the disbiosis of the male reproductive tract’s microbiome leads to several
inflammatory diseases (epididymitis, orchitis, and prostatitis), subfertility, and poor se-
men quality [31]. For example, the higher frequency of Mycoplasma hominis was seen in
infertile men than in fertile men [32]. An increase in Neisseria, Pseudomonas, and Klebsiella
accompanied by a reduction of Lactobacillus has recently been linked to oligoasthenoter-
atozoospermia and seminal hyper viscosity [33]. In another study, the seminal plasma
microbiome of chronic prostatitis men contained a higher population of the inflammatory
Proteobacteria and a lesser population of the friendly bacteria Lactobacilli compared to those
of healthy men [34].

2.2. Animal Model

The relationship between the reproductive tract microbiota biodiversity and repro-
ductive health has also been reported in animals. The dominance of certain genera in
the vaginal microbiota in female bovine have been linked to reproductive disorders. For
instance, increased relative abundance of Bacteroides and Enterobacteriaceae have been shown
in cows with reproductive disease compared to healthy cows [35]. In bovine, the abundance
of Bacteroidetes and decreased Parvimonas, Porphyromonas, unclassified Veillonellaceae, and
Mycoplasma was associated with bovine necrotic vulvovaginitis [36]. The prevalence of cer-
vical Bacteroidetes and Fusobacteria was associated with metritis [37]. In sheep, the presence
of Campylobacter in vaginal microbiota was associated with increased rates of abortion [38].

3. Manipulation of Reproductive Tract Microbiota

These findings highlight the role of reproductive tract eubiosis in achieving adequate
reproductive health and fertility and the importance of fixing any dysbiosis that might be
raised due to unpleasant factors.

The manipulation of the microbiota existing in the reproductive tract of both males
and females can be an effective tool to control many reproductive diseases and associated
infertility. Reproductive outcomes in both humans [39,40] and animal models [14,41] may
be improved by decreasing the proportion of dysbiotic microorganisms and microbial
pathogens in the reproductive tract and increasing the proportion of symbiotic microor-
ganisms. According to this concept, the use of antibiotics and the use of probiotics are
basically two approaches that may be used to manage reproductive tract microbiota. In
this context, several studies have confirmed the beneficial effects of antibiotics to tackle
many reproductive microbial infectious diseases and related infertility. Antibiotics-based
treatment of patients with chronic endometriosis has been found to improve live birth
rate from 7% to 56% [42,43], the pregnancy and live birth rates [44], and the implantation
and pregnancy rates of patients with recurrent implantation failure either with or without
chronic endometriosis [45]. Prophylactic antibiotics therapy prior to oocyte retrieval in
patients suffering severe endometriosis has also been reported with an infection risk reach-
ing 0% [2,46]. Despite these benefits, on the other hand, treatment with antibiotics, even
if for the short-term, can negatively affect the fertility of males and females. For example,
evidences from rodent and amphibian models confirm that short-term antibiotics treatment
(cefmetazole, ceftazidime ciprofloxacin, doxycycline, enrofloxacin, gentamycin, ofloxacin,
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salinomycin, streptomycin, and tetracycline) can impair spermatogenesis, decrease sperm
motility, suppress androgen production by Leydig cells, and generate oxygen-free radicals
within the male reproductive tract [3]. Currently, a treatment of male mice with different
antibiotics (clindamycin, Unasyn: ampicillin/sulbactam, and Baytril: enrofloxacin), even
for a short-term period (14 days), resulted in metabolome alterations at the seminal fluid
(inosine, xanthine, and l-glutamic acid) and histopathological changes at the epididymides
(cribriform growth and mitotic figures; [4]).

The negative effects of antibiotics on reproductive organs and functions can be related
to the lack of the specificity of broad-spectrum antibiotics, which could not only impair
the growth of dysbiotic bacteria but also symbiotic bacteria. Furthermore, the widespread
use of antibiotics poses a serious health risk due to the development of multiple-antibiotic-
resistant microbial species. Furthermore, antibiotics-based treatments are linked to high
rates of recurrent infections after treatment and side effects derived from the clearance of
naturally harbored flora in other body sites [5]. These aspects evoke scientists to find safer
alternatives for maintaining reproductive system eubiosis, which can be probiotics.

4. Probiotics and Reproductive Health
4.1. Definition and Characteristics

The term ‘probiotics’ has come to be used to refer to the live microorganisms that,
when administered in adequate amounts, confer a health benefit to the host [47]. More
recent attention has focused on the possible roles of probiotics in restoring the reproductive
tract eubiosis, while restricting antibiotics use to minimal levels [48,49]. In the field of repro-
ductive medicine, Lactobacillus species (Lactobacillus reuteri RC-14, Lactobacillus fermentum,
Lactobacillus gasseri, Lactobacillus rhamnosus, Lactobacillus acidophilus, Lactobacillus crispatus,
Lactobacillus casei, and Lactobacillus salivarius), Bifidobacterium species, and Bacillus species
are the major representatives of probiotics for modulating fertility dysbiosis [40]. The
properties and functions of some probiotic strains used to improve reproductive functions
and reproductive health are shown in Table 1.

Table 1. Safety and functional properties of some probiotics used to improve reproductive functions
and reproductive health.

Probiotic Species (Reference) Properties/Function

Lactobacillus rhamnosus (E21 and L3) Lactobacillus
helveticus (P7, P12, S7, and U13)
Lactobacillus salivarius (N30) [50]

â High survival during in vitro gastrointestinal passage
â Adhesion to both intestinal and vaginal epithelia
â Hydrophobicity
â Auto-aggregation
â Co-aggregation
â Reduce pH
â Produce organic acids (mainly acetic acid) and hydrogen peroxide

(H2O2)
â Inhibit Candida species growth

Lactobacillus strain (SQ0048) [51]

â Colonizes the vaginal microflora of healthy cows
â Serves as a significant microbiological barrier to genital pathogen

infections
â Has adhering ability to the specific epithelium
â Produces bacteriocins
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Table 1. Cont.

Probiotic Species (Reference) Properties/Function

Lactobacillus reuteri RC14
Lactobacillus rhamnosus GR1 [6]

â Excellent colonizing ability
â Preferred thereby of urogenital tract infections
â Tolerate low pH
â High adherent ability to uroepithelial and vaginal cells
â Colonizes the vagina when is administered orally
â Integral part of female genital tract

Lactobacillus rhamnosus BPL005 [52]

â Reduces PH
â Produces organic acids (mainly acetic acid)
â Suppress Propionibacterium acnes and Streptococcus agalactiae growth
â No signs of cytotoxicity, irritation in vaginal, or allergic contact

dermatitis potential

Lactobacillus buchneri (DSM 32407) [14,53]

â Does not affect viability of epithelial cells
â Dose not evoke pro-inflammatory response
â Improves antioxidant status
â Reduces PH
â Produces organic acids such as lactic acid
â Produces H2O2 and bacteriocins
â Produces co-aggregation molecules that block the spread of

pathogens

Lactobacillus reuteri ATCC PTA 6475 [54] â Anti-inflammatory strain

Lactobacillus rhamnosus CICC6141
Lactobacillus casei BL23v [55] â Has adhering ability to the epithelial gut capacities

Lactobacillus rhamnosus CECT8361
Bifidobacterium longum CECT7347 [56] â Hs antioxidant and anti-inflammatory activities

Lactobacillus gasseri OLL2809 [57] â Has immunostimulatory activity

Bacillus amyloliquefaciens [58]
â Tolerates high temperature
â Reduces pH
â Improves antioxidant status

Bacillus subtilis [11]
Lactobacillus rhamnosus CECT8361 and Bifidobacterium

longum CECT7347 [56]

â Have antioxidant activity

Bacillus subtilis (DSM10)
Bacillus clausii (DSM 8716)
Bacillus coagulans (DSM 1)

Bacillus amyloliquefaciens (DSM 7) [59]

â Safe Bacillus species with probiotic properties

Bifidobacterium lactis V9 [45] â Probiotic characteristics

Saccharomyces cerevisiae [60,61]

â Induces pathogen co-aggregation
â Has antibiotic resistance profile
â Has anti-inflammatory properties
â Suppresses Candida albicans growth

Probiotic microbial species should have certain criteria to be approved as being safe
compounds for health and effective when they are used for prophylactic and/or therapeutic
interventions. In this term, safety properties (hemolytic activity, antibiotic resistance, and
allergic and inflammatory activities) and functional properties (acid, bile salt, and lysozyme
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tolerance; gastrointestinal survival; antagonistic activity against pathogens; hydrophobic-
ity; auto-aggregation and co-aggregation abilities; biofilm formation; adhesion capacity
to reproductive tract and digestive systems epithelial cells; biosynthesis of active antimi-
crobial molecules) should be tested before approving any microorganism as a potential
probiotic [5,50]. These properties determine to a high degree the efficiency of microbial
strains to be used as probiotics. Among safety properties, the absence of antibiotic resis-
tance genes has to be confirmed to avoid the possibility of a horizontal transfer of antibiotic
resistance genes to pathogens and reproductive tract commensal microbiota, worsening
the problem of antibiotic resistance [5]. In this regard, [60] suggested that yeast-based
probiotics may be safer potential candidates because not only are they naturally resistant
to antibiotics, and so it is not necessary to evaluate their antibiotic resistance profile, but
also because they can be used in patients subjecting to antibiotic therapy without negative
effects on the efficiency of probiotics-based therapy [60].

Functional properties of probiotics are also important to achieve effective probiotics-
based therapy. The properties such as tolerance to acids, bile salts, and lysozyme and
gastrointestinal survival are related to the ability of these microorganisms to survive
through the gastrointestinal system and to transfer to other target sites in body such
as reproductive organs. Thus, these properties may be very important for oral-based
administration to ensure the transfer of the probiotics to other sites of action, conferring
local and direct effects on target organs. On the other hand, adhesion capacity may be
more important when probiotics are vaginally administrated to allow a direct and targeted
colonization action of the probiotics for restoring unhealthy vaginal microbiota [40,62]. In
fact, the colonization rate of the cervicovaginal communities after one cycle of probiotic
treatment depends on several factors such as probiotic species, administration route (oral
or vaginal), and other individual-dependent variables [52,63–65]. Dhanasekar and co-
workers [6] reported that the strains Lactobacillus rhamnosus GR1 and Lactobacillus Reuteri
RC14 may persist up to 19 days in the human vagina following intravaginal administration.
Both strains survive at low pH, have high adherent ability to uroepithelial and vaginal cells,
and are able to colonize the vagina when administered orally, whereas some strains such as
Lactobacillus rhamnosus GG and Lactobacillus acidophilus are not well-suited to colonize the
vagina or to produce H2O2 (has antimicrobial activity), explaining why both these strains
fail to prevent the recurrence of urogenital infections [6].

4.2. Potential Sources
4.2.1. Human Reproductive Tract

According to the previous facts on the eligibility criteria of microorganisms to act as an
effective probiotic strain for maintaining and restoring reproductive health and functioning,
it is supposed that one important potential source of probiotic strains is the reproductive
tract itself [28]. Innovating products that contain probiotic strains of reproductive tract
origin may increase their successful adaptation and colonization in the reproductive tract
environment relative to probiotic strains isolated from other origins [52]. Pino and co-
workers [50] assessed Lactobacilli isolated from the vaginas of healthy women for their
potential safety and functional properties. Of 119 assessed strains, 7 identified strains
(Lactobacillus rhamnosus, E21 and L3, Lactobacillus helveticus, P7, P12, S7, and U13, and
Lactobacillus salivarius, N30) have been found to typically fulfill most criteria of probiotics.
In the same study, 6 out of 119 strains belonging to Lactobacillus crispatus and Lactobacillus
gassseri species have been found to exhibit phenotypical resistance to vancomycin.

4.2.2. Animal Reproductive Tract

El-Deeb and co-workers [66] isolated 18 Lactobacillus species from the vaginas of
dromedary camels, (belonging to Lactobacillus plantarum, fermentum and rhamnosus) with
potential probiotic properties. These bacterial species also exhibit phenotypical resistance to
vancomycin-resistant strains and sensitivity to streptomycin, erythromycin, kanamycin,
and chloramphenicol [66]. In fact, however, this criterion may raise some fear toward
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the antimicrobial resistance issue; the different mechanism of antimicrobial resistance of
these strains compared to other bacteria such as Enterococci may preclude this fear, as the
antimicrobial resistance of these strains is attributed to the synthesis of a modified cell-wall
peptidoglycan precursor and is different from the transferable mechanism observed for
other bacteria [50].

The probiotic properties of microbial species isolated from different sites of the repro-
ductive tract has been confirmed in many studies. Chenoll and co-workers [52] confirmed
the protective role of the vaginal-isolated strain Lactobacillus rhamnosus BPL005 (CECT
8800) against the bacterial colonization of primary endometrial epithelial cells infected
with Atopobium vaginae, Gardnerella vaginalis, Propioni bacterium acnes, and Streptococcus
agalactiae pathogens. In the same context, Lactobacillus crispatus is the most frequent colo-
nizing species in healthy women with antimicrobial activity, and it is therefore nominated
to be used as a probiotic therapeutic alternative to antibiotics [67]. In another study, 4 of
47 lactic acid strains (LAB) isolated from the vagina of cows (LAB1, LAB3, LAB5, and LAB9)
demonstrated antibacterial activity against Weissella confusa, Enterococcus hirae, Leuconostoc
lactis, and Ilyobacter polytropus. However, these strains showed different hydrophobicity,
antibacterial activity, and adherence ability. Thus, the authors suggested that the use of
a mixture of these strains can be a more efficient intervention for developing probiotic
products that can prevent and treat reproductive tract infections in cows. Similarly, Ametaj
and co-workers [53] proved the efficiency of a combination of three lactic acid bacteria
species, Lactobacillus sakei FUA 3089, Pediococcus acidilactici FUA 3138, and FUA 3140, iso-
lated from the vaginal tract of healthy cows to decrease the incidence of metritis, pyometra,
and vaginal purulent discharges, as well as the number of cows with abnormal cervical
size and uterine fluctuation. In addition, vaginal isolates of dromedary camels (Camelus
dromedarius) have been found to contain Lactobacillus species belonging to Lactobacillus
plantarum, Lactobacillus fermentum, and Lactobacillus rhamnosus strains with potential probiotic
properties. These bacterial species showed strong antimicrobial activity against Staphylococ-
cus aureus, which is considered as one of the most common bacterial causes of endometritis
in dromedary camels and other animal species [66].

Overall, these studies performed either on human or animal models confirm that the
reproductive tract microbial communities represent a suitable source of probiotic candidates
that could be used in new functional formulates for maintaining and restoring reproductive
tract eubiosis.

4.3. Mechanisms of Action

Probiotics can maintain and restore reproductive tract eubiosis through different
mechanisms. Probiotics have been found to produce bioactive molecules that have direct
effects on reproductive tract microbiota, as these bioactive molecules can act as antimicrobial
agents. In a pathogenic process, the microbiome shifts to a dysbiotic state, in which pH is
increased to values above 4.5 and Lactobacilli drop, whilst there is an overgrowth of other
groups such as Gardnerella, Atopobium, Prevotella, and Streptococcus, among others [68]. The
protective capacity of many probiotic species is based on their ability to produce short-chain
fatty acids such as acetic, propionic, and lactic acids. The dominance of acid-producing
microbial strains, such as Lactobacilli, in the uterine lumen and vaginal microbiome help
to maintain acidic milieu, which provides an efficient protective agent against pathogenic
microorganisms [16].

Some probiotic species, in addition to the ability of many species to reduce the pH, are
able to produce oxidative molecules such as hydrogen peroxide, as well as another group
of molecules known as bacteriocins (peptidic toxins; [21,52,69]). Both hydrogen peroxide
and bacteriocins have pronounced antimicrobial activity against microbial pathogens.
Probiotics have been also found to improve the immune responses and inflammatory
status of the reproductive tract. For instance, the administration of probiotics resulted in a
reduction of endometritic lesions through improving endometrial epithelial cells barrier
function, boosting the activity of natural killer cells and increasing interleukin-12 levels [1].
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As shown in Table 1, some probiotic species exhibit antioxidant activity. This activity
can be mediated by several mechanisms: (1) the metal ion chelating ability, specifically
to Fe2+ or Cu2+; (2) the synthesis of their own antioxidant enzymes such as Fe- or Mn-
superoxide dismutase and Catalase; (3) the production of metabolites with antioxidant
activity, such as glutathione, butyrate, and folate; (4) controlling antioxidant signaling
pathways (nuclear factor kappa-light-chain-enhancer of activated B cells: NFκB, mitogen-
activated protein kinase: MAPK, and protein kinase: C: PKC); and (5) the regulation of the
enzymes producing reactive oxygen species such as NADPH oxidase complex [70].

Other studies have highlighted another mechanism of action of probiotic that is me-
diated by the hypothalamic–pituitary–adrenal (HPA) axis. Some probiotic species such as
Bifidobacterium infantis and Lactobacillus rhamnosus (JB-1) and farciminis have been found
to exhibit anxiolytic effects and improve psychiatric-disorder-related behaviors, including
anxiety, depression, acute stress disorders, and obsessive disorders [71,72]. These effects
were developed through their influence on the HPA-axis [72], which can indirectly improve
reproductive functions by attenuating negative effects of different environmental stresses
on reproductive functions. Furthermore, some probiotic species can produce neurotrans-
mitters such as dopamine, serotonin, and gamma-aminobutyric acid that interact with the
nervous system [31].

4.4. Benefits of Probiotic for Female Reproduction
4.4.1. Women’s Fertility

Among reproductive diseases in women, bacterial vaginosis represents one of the
major pathogenic diseases in women of reproductive age. Bacterial vaginosis is caused
by vaginal dysbiosis and predominance of pathogenic microorganisms (bacteria, fungi,
and yeast). It is characterized by several clinical and uncomfortable symptoms such as
the release of discharge with abnormal vaginal odor, burning with urination, and itching.
Additionally, it is linked to the increased risk of early delivery (pre-term delivery) among
pregnant women [6]. In many studies, probiotics have been successfully used as a treatment
for bacterial vaginosis [12,13]; in this sense, women undergoing bacterial vaginosis and
receiving Lactobacillus vaginal tablets revealed the disappearance of bacterial vaginosis
symptoms and had a clinically normal vaginal microbiota after daily probiotic therapy
application for just 7 days. Furthermore, long-term vaginal administration of Lactobacillus
rhamnosus appears to be a useful, safe, and effective antibiotic complementary approach
in the management of bacterial vaginosis [73]. In addition, the administration of Lacto-
bacillus rhamnosus GR1 and reuteri RC14 in pregnant women restores the normal vaginal
flora and acidic pH and interrupts the infectious/inflammatory process due to bacterial
vaginosis with recovery rates comparable to those of tocolytic therapies. Thus, probiotics
are preferred over tocolytic therapy to reduce the adverse maternal and fetal outcomes [6].
Probiotics have been confirmed to tackle other reproductive diseases, even those that are
not microbial-pathogen-borne diseases. For example, Zhang and co-workers [45] found
that oral treatment with Bifidobacterium lactis V9 was an effective treatment for tackling
polycystic ovary syndrome, a hormonal-disturbance-induced disease. As hypothesized by
the authors of this study, the effect of Bifidobacterium lactis V9 is mediated by the gut–brain
axis, as Bifidobacterium lactis V9 produces certain amounts of short-chain fatty acids, which
consequently increase the release of ghrelin and peptide YY. These latter two molecules can
restore the hormonal profile of sex hormones, mainly LH and prolactin, at the brain level
by a manner similar to normal hormonal profiles.

Interestingly, probiotics can be safely used during pregnancy and breastfeeding to
offer a unique opportunity to influence a range of important maternal and neonatal
outcomes. The oral supplementation with the probiotic Lactobacillus rhamnosus HN001
(6 × 109 CFU/day) to women during early pregnancy and during the first 6 months of
breastfeeding can reduce the rates of infant eczema and atopic sensitization at 1-year and
maternal gestational diabetes mellitus, bacterial vaginosis, and depression and anxiety
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postpartum [74]. The findings of the effects of probiotic treatment on women’s fertility are
shown in Table 2.

Table 2. Summary of some studies on the effects of probiotics on female reproductive health and
fertility.

Specie (References) Probiotic Treatment Results

Studies on Women

Women [6] Lactobacillus rhamnosus GR1 and Lactobacillus
reuteri RC14

â Restored the normal vaginal flora and
acidic pH

â Decreased preterm delivery

Pregnant women [7]

Tablets containing Bifidobacterium longum
(5 × 106 CFU), Lactobacillus delbrueckii bulgaricus

(5 × 105 CFU), and Streptococcus thermophilus
(5 × 105 CFU)

Two tablets twice a day from week 32 of
pregnancy to delivery

â Helped to shift the anti-inflammatory
state to a pro-inflammatory state in
the third trimester, which is important
for labor

Women [45] Bifidobacterium lactis V9 â Treatment of polycystic ovary syndrome

Women with vulvovaginal
candidiasis [75]

Oral intake of Saccharomyces cerevisiae CNCM
I-3856 (5 × 109 CFU/mL)

Once a day for 56 days
â Decreased candida vaginal load

Women [74]
Lactobacillus rhamnosus HN001(6 × 109 CFU/day)
From 14−16 days of pregnancy to 6 months of

breastfeeding

â Reduced the rates of infant eczema and
atopic sensitization at 1 year

â Decreased maternal gestational diabetes
mellitus, bacterial vaginosis, and depres-
sion and anxiety postpartum

Women [12] Lactobacillus-containing vaginal tablets â Restored a normal vaginal microbiota in
patient with bacterial vaginosis

Studies on animals

Ewes [10]
A combination of 60% Lactobacillus crispatus, 20%
Lactobacillus brevis, and 20% Lactobacillus gasseri

at fluorogestone acetate sponge insertion

â Reduced vaginal smears neutrophils
count

â Reduced Enterobacteriaceae counts
â Increased vaginal microbial diversity
â Improved fertility rate

Late pregnant sows [11]
Different combinations of 0.5%

isomaltooligosaccharide (IMO), 0.02% Bacillus
subtilis, and 0.02% Bacillus licheniformis

â Improved metabolism of sows, the placen-
tal antioxidant capacity, umbilical venous
serum growth hormone concentrations

â Improved piglet birth weight
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Table 2. Cont.

Specie (References) Probiotic Treatment Results

Landrace × Yorkshire sows
[41]

Basal diets supplemented with 0, 0.1%, 0.2%, or
0.4% Clostridium butyricum (4 × 108 CFU/kg)

From day 90 of gestation to weaning at day 21 of
lactation

â Shortened the duration of farrowing
â Enhanced the growth performance of

suckling piglets
â 0.2% Clostridium butyricum increased the

relative abundance of Prevotella

Ghezel ewes [76]
Dietary supplementation with 30 mg/ewe/day

of monensin (MS) or 4 × 109 of CFU/ewe/d
Saccharomyces cerevisiae (SC)

â MS and SC treatments resulted in:
â Greater number and heavier lambs
â Increased concentrations of estradiol, pro-

gesterone, blood urea nitrogen, insulin,
glucose, cholesterol, and total protein

Cows with signs of
subclinical endometritis [14]

Intrauterine administration of the Lactobacillus
buchneri DSM 32407

â Stimulated local immune system function
â Downregulated the endometrial mRNA

expression of several pro-inflammatory
factors

â Improved the reproductive performance
of cows with subclinical endometritis

Cows [77]
A combination of Lactobacillus rhamnosus,

Pediococcus acidilactici, and Lactobacillus reuteri at
a ratio of 25:25:2

â Reduced Escherichia coli infection in
uterus explants

â Reduced acute inflammation caused by
Escherichia coli

Dairy cows [78]

A combination of Lactobacillus sakei FUA3089,
Pediococcus acidilactici FUA3138, and Pediococcus

acidilactici FUA3140 (108−109 CFU/dose)
Weekly from 2 weeks prepartum to 1 week

postpartum

â Decreased NEFA
â Increased milk IgG
â Increased milk efficiency of transitioning

dairy cows

Late pregnant sows [79] Dietary Bacillus
â Improved piglet birth weight
â Reduced the rate of stillbirths and number

of weak piglets

Late pregnant cows [53]

Intravaginal administration of Lactobacillus sakei
FUA 3089, Pediococcus acidilactici FUA 3140, and

Pediococcus acidilactici FUA 3138
(1010–1012 CFU/cow)

Weekly from two weeks prepartum to 4 weeks
postpartum

â Decreased incidence of purulent vaginal
discharges

â Decreased plasma haptoglobin, an acute
phase protein often associated with uter-
ine infections

â Enhanced milk production of cows

CFU: Colony-forming units.

4.4.2. Animal Fertility

The positive effects of probiotics on female reproduction are not only observed in hu-
mans but also in animal models. Specifically, farm animals may be of particular importance,
as maintaining their health, improving reproductive and productive performance, and
eliminating drugs/antibiotics use represent crucial challenges. Considering these aspects,
many probiotic microbial species have been tested either for treating reproductive diseases
or for improving the productivity of healthy farm animals (Table 2).

For example, the management of the estrous cycle in some farm animals (i.e., rumi-
nants) includes many protocols that depend on intravaginal progesterone devices and/or
sponges. In many cases, the administration of these intravaginal means has been found to
generate histological and cytological alterations (hyperplasia, hypertrophy, hemorrhage
and perivascular infiltrate, numbers and activities of phagocytes) at the time of its with-
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drawal, which evoke inflammatory responses and provoke abnormal vaginal discharges,
impacting animal welfare aspects and subsequent reproductive performance [80]. In a
recent study by Quereda and co-workers [10], a vaginal infusion of a combination of pro-
biotic Lactobacillus species (60% Lactobacillus crispatus, 20% Lactobacillus brevis, and 20%
Lactobacillus gasseri) at the time of the insertion of fluorogestone acetate (FGA) sponges for
estrus synchronization in ewes restored normal vaginal microflora and improved fertility
(60% vs. 91%; p = 0.097).

In addition, probiotics-based treatments can be used to improve the postpartum health
and reproductive performance of farm animals. Specifically, parturition and uterine involu-
tion during the postpartum period may expose females to many reproductive infectious
diseases, mainly due to the associated disturbance in the metabolism and the increase in
inflammatory responses [14,77,78,81]. In this context, postpartum cows treated in weeks
−2 and −1 prepartum and in week 1 postpartum with an intravaginal combination of Lacto-
bacillus sakei FUA3089, Pediococcus acidilactici FUA3138, and Pediococcus acidilactici FUA3140
had smaller cross-sectional areas of gravid horn and uterine body on day 14 postpartum,
earlier uterine involution, and resumed ovarian cyclicity earlier. Generally, the positive
effects of probiotic treatments on reproductive performance and cows’ health might be
ascribed to the ability of Lactobacillus species to decrease postpartum uterine infection
and thus to decrease endotoxin translocation into the systemic circulation, decreasing the
occurrence of inflammatory responses [77,78].

Focusing on improving the productivity of animals, in sows, the addition of dietary
Clostridium butyricum (0.1, 0.2, or 0.4%) from day 90 of gestation to weaning at Day 21
postpartum could shorten the duration of farrowing and enhance the growth performance
of suckling piglets. Moreover, 0.2% Clostridium butyricum administration to sows changed
the composition of intestinal microbiota, specifically increasing the relative abundance
of Prevotella [41]. In addition, Bacillus species serve as safe and effective feed additives
which can improve the reproductive performance of farm animals [82,83]. Gu and co-
workers [11] found that dietary supplementation with Bacillus subtilis and/or Bacillus
licheniformis improved the lipid and protein metabolism profiles of sows, the placental
antioxidant capacity, and placental efficiency that resulted in greater piglet birth weight. In
sheep, the administration of monensin or Saccharomyces cerevisiae improved the metabolic
status and ovarian steroid production of dams, as well as the growth performance of lambs,
highlighting the possibility of using probiotic Saccharomyces cerevisiae as an alternative to
the antibiotic monensin [76]. The findings of the effects of probiotic treatment on female
animals’ fertility are shown in Table 2.

4.5. Benefits of Probiotics for Male Reproduction
4.5.1. Men’s Fertility

A summary of some studies on the effects of probiotics on men’s reproductive health
and fertility is shown in Table 3. These studies have supported the use of probiotics-based
therapy as a potential tool to enhance reproductive efficiency and to tackle infertility in
males. Probiotics have been demonstrated to improve spermatogenesis, epididymal sperm
count, and normal sperm percentage and to reduce the percentage of sperm morphological
abnormalities and DNA damage in mammalian species, including humans [39].
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Table 3. Summary of some studies on the effects of probiotics on male reproductive health and
fertility.

Specie (References) Probiotic Treatment Results

Studies on men

Idiopathic asthenozoospermia
men [8]

Tablets containing Lactobacillus casei,
Lactobacillus rhamnosus, Lactobacillus
bulgaricus, Lactobacillus acidophilus,

Bifidobacterium breve, Bifidobacterium longum,
and Streptococcus thermophil (2 × 1011 CFU)

â Improved serum testosterone, ejaculate
volume, sperm concentration, percent-
age of motile sperm, and total antioxi-
dant capacity of plasma

â Decreased concentration of plasma mal-
ondialdehyde and inflammatory mark-
ers

Men with idiopathic
oligoasthenoteratospermia [9]

et al., 2017

A combination of Lactobacillus paracasei
B21060 (5 × 109 cells) + arabinogalctan

(1243 mg) + oligo-fructosaccharides (700 mg)
+ L-glutamine (500 mg) for 6 months

â Improved sperm concentration, ejacu-
late volume, progressive motility nor-
mal morphological sperm cells, and sex
hormone levels (follicle stimulating hor-
mones, luteinizing hormone, and testos-
terone)

Asthenozoospermic men [56]
Lactobacillus rhamnosus CECT8361 and
Bifidobacterium longum CECT7347 for

six weeks

â Improved sperm motility
â Reduced DNA fragmentation and intra-

cellular H2O2

Studies on animals

Stressed mice [84]
Lactobacillus rhamnosus Gorbach–Goldin

An oral dose of 0.3 mL/mouse
(1 × 1010 cells/mL)

â Improved semen quality and testos-
terone levels

â Decreased inflammatory response (cy-
clooxygenase 2, IL-1β, IL-6, and tu-
mor necrosis factor-α) and oxidative
stress (malondialdehyde and protein
carbonyls)

Brioler [58] Dietary supplementation with Bacillus
amyloliquefaciens

â Increased sperm concentration and per-
centage of live sperm cells, and antioxi-
dant activity

Mice [85] Lactobacillus rhamnosus PB01 (DSM 14870)
supplementation

â Improved sperm kinematic properties

Aging and/or obese mice [54] Lactobacillus reuteri ATCC PTA 6475
(3.5 × 105 cell/mouse/day)

â Increased spermatogenesis, Leydig cell
numbers, serum testosterone

â Downregulating systemic pro-
inflammatoryIL-17A-dependent
signaling

Mice exposed to
cyclophosphamide toxicity [86]

Dietary administration of Lactobacillus casei
(105, 106, 107, 108 CFU/g) for 8 weeks

â Increased testicular and epididymal
weights, sperm concentrations, percent-
ages of morphological normality, and
serum superoxide dismutase and testos-
terone levels.

CFU: Colony-forming units.

These positive effects have been seen in different infertility-related models. Infertility
related to age [87], obesity [54], prostate diseases [34], and psychological and environmen-
tal stresses [84], as well as idiopathic infertility [8], can be improved by administering
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probiotics-based therapies either alone [8,85] or as a co-therapy [9]. In fact, regardless
the different causes, male infertility seems to be concomitant to the inadequacy of testos-
terone levels and other sex hormones and the increase in inflammatory responses and
oxidative stress [39,84]. As reported in many studies, probiotics can improve the fertility of
males mainly by improving testosterone levels, attenuating inflammatory responses, and
reversing the adverse effects of oxidative stress [87].

4.5.2. Animal Fertility

Given the fact that the number of studies on the effect of probiotics on men’s fer-
tility is relatively low, animal model studies can provide guidance evidence and allow
understanding the effect of probiotics in men’s fertility with different clinical states. For
example, in a study by Ommati and co-workers [88], the consumption of 200 g/1000 mL
water D-fructose (to induced non-alcoholic fatty liver disease, NAFLD model) by pubertal
rats, simultaneously with a combination of Iranian yogurt-extracted/cultured probiotics
(1 × 109 CFU/mL of Lactobacillus acidophilus, Bifidobacterium spp., Bacillus coagulans, and
Lactobacillus rhamnosus), for 63 consecutive days, reversed all negative effects of NAFLD
on semen quality and redox homeostasis in rats. Other studies (Table 3) have shown the
ability of different probiotic strains to ameliorate negative impacts of some stresses such as
toxicity, aging, and obesity on semen quality and fertility [54,84,89].

It is important to refer to the fact the administration of probiotics in males is mainly
through the oral route; none of the published studies performed in males have shown
another route of administration. This fact highlights the importance of a gut–testicular
axis as a potential pathway mediating the effects of probiotics on male reproduction [87].
Interestingly, to the authors’ best knowledge, conversely to female studies, the effects of
probiotics administration on the male reproductive tract microbiota have not been yet fully
studied. This observation highlights the importance of directing more studies towards the
understanding of the role of probiotic in restoring and modulating the microbiome in male
reproductive tract and seminal plasma and its possibilities for tackling pathogenic diseases
in males.

5. Safety and Hazards of Probiotic and Prospects

The current evidence of the positive effects of probiotics on reproductive health and
fertility of different mammalian species make them a suitable tool for reproduction and
increasing reproductive efficiency. Recently, a number of probiotics-based products, either
hygienic or therapeutic products, are available, including, in addition to probiotic supple-
ments, feminine hygiene products such as sanitary napkins, tampons, and panty liners [90].
Hence, further high-quality designed studies are still needed to confirm their safety, prior to
recommending their systematic use to treat pathogenic microbial diseases (e.g., vaginosis,
metritis, endometritis, and prostatitis), as well as other gynecological disorders such as
preterm births. Currently, most probiotics are generally recognized as safe (GRAS) to
health [91] not only for adults but also for neonates whose mothers were exposed during
pregnancy or breastfeeding [92]. However, very few studies have reported a transient
decrease in hemoglobin levels in children supplemented with probiotics before and after
birth [93]. Accordingly, the wide distribution of such treatments still needs adequate and
robust evaluations to ensure their health safety for treated individuals/animals, including
the evaluation of the antibiotic resistance of adopted probiotic species to avoid possible
development of antibiotic-resistant pathogens [94]. In addition, the potential of probiotic
strains to produce toxin and hemolytic and hydrolytic enzymes (hemolysin, gelatinase,
lecithinase, etc.) should be tested. Moreover, more details in terms of identifying effi-
cient probiotic species, route of administration, length and time of administration, and
mechanisms of action are required to consider probiotics-based treatments as an approved
pharmaceutical therapy or as a co-therapy [62,95]. To ensure all these aspects, each eligible
probiotic strain must be tested following the four stages of drug development, including
discovery and development, preclinical study, clinical study, and approval by the Food
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and Drug Administration (FDA). As an advanced step towards the commercialization of
probiotic-based products, the FDA has included such products under a new “live biothera-
peutic products” (LBP) category, which helps guarantee the quality, safety, and efficacy of
new LBP products through following the FDA regulations [96].

The candidate probiotic species, in addition to health safety as discussed above, should
have functional and industrial properties, enabling them to be stable during pharmaceutical
processing and storage and to survive afterwards in different biological environments, such
as the gastrointestinal and reproductive tracts. In this context, the emergence of some recent
industrial technologies such as micro/nanoencapsulation technology can help to improve
the stability of probiotics [94]. The emerging studies in this field showed the efficiency of
some nanocarriers such as polyvinylalcohol nanofibers to maintain the viability of vaginal
administrated probiotic products for a longer time, allowing the colonization of the intro-
duced probiotic strains for a longer time in the reproductive tract [97]. Another strategy
to improve the functional and industrial properties of probiotic strains includes encom-
passing prebiotics (nutrients that support probiotic strains growth) such as inulin (a rich
fructan-type oligosaccharide supports the growth of Lactobacillus and Bifidobacterium) [98]
and mushroom extract [99] in the formula.

Currently, the most recent research trends refer to the possibility of the use of postbi-
otics (metabolic and bioactive products secreted by probiotics, such as enzymes, proteins,
amino acids, peptides, organic acids, vitamins, and bacteriocins) as an alternative to probi-
otics itself. The use of postbiotics might have offered several advantages over probiotics,
such as obtaining a specific mechanism of action and biological role, an easier production
process for industrial-scale-up, and, lastly, a better availability and accessibility during
marketing and application [100].

6. Conclusions

The dysbiosis of the reproductive tract microbiota due to the action of pathogens
and/or unhealthy lifestyle has been related to many reproductive diseases and disorders
in both humans and animal models. Recent studies have focused on the possible roles
of different probiotics in restoring the reproductive tract eubiosis. Among the different
candidate species, Lactobacillus, Bifidobacterium, and Bacillus are the most adopted for modu-
lating reproductive tract dysbiosis [40]. The biological activities of probiotics (including
antioxidant, antimicrobial, anti-inflammatory, and immunomodulatory activities) provide
promising opportunities to maintain and restore reproductive eubiosis and to improve
reproductive performance and fertility traits [52]. A highly significant issue is that the
use of probiotics in offering an opportunity to decrease the use of antibiotics. However,
great efforts should be paid to confirm the lack of antibiotic resistance of the probiotics
themselves to avoid the vertical transfer of antibiotics-resistant genes to pathogens or other
microorganisms normally harbored by the host [50,52].

Hence, future studies have to focus on identifying mechanisms by which probiotics
can affect reproductive processes, the safety of probiotics to the host specifically when they
are consumed during sensitive reproductive windows such as pregnancy, and finally, the
litigation and regulatory rules required for marketing these biological-based therapies with
sufficient safety and hazards instructions [100].
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