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Abstract

Background: Considerable attention is being directed nowadays towards using probiotics as an alternative therapy
in treating several human diseases including gastrointestinal tract diseases especially colorectal cancers,
cardiovascular diseases, hyperlipidemia, and blood pressure cases. However, infertility as affected by the
microbiome and the probable role of probiotics in alleviating infertility problems did not receive the deserved
attention, especially in IVF patients with male or female factors.

Main body: In this review, we tried to draw the attention of researchers in the medical settings to the importance

of the forthcoming role of probiotics use in elucidating the role of the microbiome in infertile patients. The hope is
to attain the best performance of both male and female reproductive systems and to shed some light on infertility

problems.

Conclusion: More in vivo experiments are still needed to address many aspects of probiotics like proper
administration, exact functional strains, required dose, application method, duration of treatment, and combination
with antibiotics before considering probiotics as an alternative treatment.
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Background

The demand for healthy food is a global issue, and a
pressing need exists for other natural resources that can
be used as alternatives to regular foods and can be intro-
duced in nutraceutical and therapeutic industries. The
best candidate in this endeavor is the use of probiotics
which received a great interest in the last 15 years [1].
The idea behind probiotics use is to have a healthy life-
style by improving the internal microbiota [2] and to
find out the most suitable microorganism or consortium
of microorganisms that improve health or reduce/treat
some diseases [3]. This goal can be achieved by having
the good bacteria in the right place.

The history of probiotics goes far away back to the
Greek and Latin civilizations where the word probio-
tics came from a combination of “Pro: for, bios: for
life” [4]. In the early twentieth century, Elie
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Metchnikoff, a Nobel Prize winner, pointed to the
positive effect of fermented milk on the gut micro-
biota and the body health, in general. His preliminary
observations awarded him the privilege of being the
“father of probiotics.” In 1965, Lilly and Stillwell used
this term for the first time to define probiotics as mi-
croorganisms and/or substances secreted from living
microorganisms to confer a better health directly or
indirectly or to enhance the growth of others [5].
Probiotics definition had been modified afterward to
include the beneficial bacteria that improve the internal
microbiome. The latest description of probiotics was
proposed by Food and Agriculture Organization (FAO)
in 2002 to be: “Live microorganisms, which, when ad-
ministered in adequate amounts, confer a health benefit
on the host” [6]. In October 2013, the participant scien-
tists of International Scientific Association for Probiotics
and Prebiotics (ISAPP) emphasized the previous concept
of probiotics proposed by FAO. This highlighted the
introduction of the concept of prebiotics and their
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pivotal role in helping probiotics to carry out their ex-
pected role.

Prebiotics are non-digestible carbohydrates such as
fructo-oligosaccharides (FOS) and inulin among many
others that help probiotic microorganism to flourish.
They promote the growth of beneficial bacteria over the
harmful ones. The combination of both probiotics and
prebiotics is known as synbiotics and gives a synergistic
impact [7].

It is well known that probiotics act to boost immunity
system [8], eliminate hostile bacteria by excluding
colonization [9], prevent infection, and improve overall
health of the gastrointestinal tract (GIT) [10]. Recently,
attention was directed towards the effect of probiotics
on other sites of the body like the skin, oronasopharyn-
geal cavity, and genital tract.

According to the World Health Organization (WHO),
infertility is defined as “a disease of the reproductive sys-
tem defined by the failure to achieve a clinical pregnancy
after 12 months or more of regular unprotected sexual
intercourse.” A global concern is growing as the percent-
age of both male and female infertility is rising [11]. Epi-
demiological studies revealed that around 10% of global
population in reproductive age are suffering from infer-
tility problems [12].

Counseling an infertile couple is a challenge to any
physician, as infertility is a multifactorial issue, and
vaginal microbiome could be the least to think about.
But, according to the recommendations issued by
“Human Microbiome Project” (HMP) in the USA
(2007), the vagina is considered a major site of study-
ing bacterial microbiome in human body [13]. Now-
adays, it is well known that the presence of certain
strains of beneficial bacteria in the female genital
tract is a key for solving many infertility difficulties.
Studies have indicated that the vagina is dominated
by Lactobacillus species [14].

The positive effect of probiotics on fertility does not
show a clear separation line between males and females,
as the female infertility induced by imbalance of vaginal
microbiome (VMB) may affect the sperm parameters in-
side the female reproductive tract [15].

The probiotics influence on fertility and their role
in promoting fecundity could be discussed from two
main angles: firstly, male fertility and the potential
anti-oxidant impact of probiotics on sperm parame-
ters, testicular histopathology, and testosterone level;
secondly, female fertility and the effect of probiotics
on maintaining the bacterial balance in the vagina,
treatment of bacterial vaginosis, and subsequent effect
on amelioration of inflammation. Effects of probiotics
on assisted reproductive technology (ART), pregnancy
complications, and menopausal infections should be
considered as well.
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Probiotics mechanisms of action

Lactobacilli spp., as the best-studied probiotic bacteria,
display several mechanisms to protect vaginal environ-
ment from pathogens. The most significant ones are as
follows: [16] production of lactic acid that provides
pathogenic exclusion ability by lowering pH to 3.5-4.7
and contribution to indirect pathogenic inhibition by
efficient acid cervico-vaginal human mucus ([17, 18]
production of bacteriocins which are antimicrobial
peptides (AMP) and proteins, produced as a response of
imbalance of vaginal microbiome, to protect the host
against microbial invasion ([19, 20] blocking the
colonization of vaginal pathogens as a result of displace-
ment and exclusion competition by Lactobacilli bacteria
[17]; and [21] promotion of immunomodulation mecha-
nisms by provoking innate immunity system, producing
H,0,, and stimulating anti-inflammatory action [22].

Probiotics and male fertility

Obesity and old age induced male infertility

A significant proportional relationship between obesity
and male sub-fertility has been noticed. It was reported
that obese men have higher percentage of poor semen
quality [23]. Testosterone deficiency is another side ef-
fect of obesity in men who were found to have low
sperm count and motility [24]. On the other hand, inev-
itable testosterone reduction is related to old age in
men. This testosterone deficiency is accompanied with
increased body fat and reduced libido and sexual activity,
in addition to lower spermatogenesis [25].

Effects of probiotics on oxidative stress, testosterone level,
testicular histopathology, and sperm quality
Male infertility related to low sperm parameters consti-
tutes around 50% of the infertility problem [26]. One of
the major factors affecting sperm parameters and tes-
ticular histology is obesity. High-fat diet has a prominent
role in increasing oxidative stress and lowering anti-
oxidant effect [27]. Elevation of reactive oxygen species
(ROS) may have a detrimental effect on sperm quality
and hence fertilization potential [28]. The previous study
was supported by another one in which a combination
of three selected strains of probiotics (Lactobacillus
brevis, L. salivarius, L. plantarum) was used as vaginal
tablets to treat bacterial vaginosis, in order to explore
the protective effect of probiotics on sperm quality
against damaging ROS. It has been shown that this pro-
biotic combination inhibited sperm lipid peroxidation
and maintained human sperm motility and vitality [19].
Several researches studied the deleterious effect of
obesity on male fertility of murine model and the posi-
tive effect of probiotics in opposing the adverse influence
of high-fat diet. Ibrahim et al. [29] used male mice
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model to study the enhancing effect of probiotics on
their impaired fertility. Mice fed with high-fat diet only
showed significant increase in serum levels of choles-
terol, triglycerides, low-density lipoprotein, high-density
lipoprotein, and testosterone and decrease of sperm
parameters (count, motility, and morphological abnor-
malities), besides atrophy and degeneration of seminifer-
ous tubules. On the other hand, penis length and
relative weight of testes were not affected. The hostile
impact of hyperlipidemia was significantly ameliorated
by using selenium-enriched probiotics as testicular tissue
injury was reduced, while testosterone level and sperm
parameters were improved. They concluded that
selenium-enriched probiotics improve male fertility in
hyperlipidemic status.

Chen et al. [30] studied the anti-oxidative and
protective effects of probiotics against sperm damage in-
duced by high-fat diet in rats. They exposed the test
group to high-fat diet to measure the oxidative stress,
sperm count, motility, viability, and DNA integrity. They
noticed a significant elevation of oxidative stress and
lipid peroxidation, and a significant drop in sperm
count, motility, viability, and DNA stability. All the ad-
verse effects of all tested parameters were reversed in
male rats served with high-fat diet supplemented with
probiotics. Sperm DNA damage was significantly lower
than the test group but still higher than the control
group, which indicates that probiotics reduce the
damaging effect of high-fat diet on sperm DNA to some
level.

A recent study by Dardmeh et al. [12] demonstrated
that probiotics could be an alternative solution in elim-
inating obesity drawbacks on semen quality. The study
was done on male mice to investigate the effect of pro-
biotics (Lactobacillus rhamnosus) on sperm kinematic
parameters, testicular weight, lipid profiles, and repro-
ductive hormones such as follicle stimulating hormone
(FSH), luteinizing hormone (LH), and testosterone. They
found that Lactobacillus rhamnosus has a reduction ef-
fect on the weight of mice fed with fat diet. In addition,
some sperm biomarkers like motility and reproductive
hormones were maintained in male mice fed with fat
diet supplemented with probiotics. They postulated that
probiotics have a positive effect on male fertility by
either direct or indirect influence. The direct effect
improves spermatogenesis and maturation process
whereas the indirect effect works out by eliminating the
adverse effects of obesity and elevating the total anti-
oxidant capacity.

Testosterone level is not affected by obesity only;
increasing age is another factor that reduces the circulat-
ing level of testosterone in the blood. Poutahidis et al.
[31] tested the hypothesis that probiotic Lactobacillus
reuteri may prevent testicular atrophy due to obesity and

(2020) 25:33

Page 3 of 9

age factors in male mice. Histopathological studies of
testicular tissue of probiotic-fed aged mice showed
healthy seminiferous tubules and Leydig cells, which
usually show atrophy in aged mice. A distinguished level
of circulating testosterone was reported in aged mice
treated with probiotics Lactobacillus reuteri. These novel
findings suggest that probiotics could be used as a
natural therapy for male hypogonadism associated with
old age.

Synbiotic impact of the medicinal plant dandelion
(Taraxacum officinale) and probiotics on testicular
histopathology and semen quality of male lambs was
evaluated by Zeitoun et al. [32]. Dandelion leaves and
roots have been used as a traditional medicine long time
ago. It is used to treat constipation and liver, gall blad-
der, kidney, and joint problems. Nevertheless, dandelion
plant was found to cause anti-fertility effect in vivo, such
as a prominent drop in testosterone level and spermato-
genesis apoptosis. These findings were attributed to
generalized and localized edema. Histological results
showed a substantial improvement in the testicular
tissue of lambs treated with probiotics. It has been re-
ported that probiotics have anti-oxidative stress effect
that protects sperm from free radicals. Synbiotic mixture
of dandelion and probiotics attenuates the anti-fertility
action of dandelion on spermatogenesis and testosterone
production.

A recent study was carried out by Valcarce et al
[33] to evaluate the effect of two selected anti-oxidant
probiotic strains (Lactobacillus rhamnosus CECT8361
and Bifidobacterium longum CECT7347) on sperm
criteria of asthenozoospermic (low motility) men.
Four parameters were evaluated: sperm motility, cellu-
lar viability, DNA fragmentation, and level of ROS.
Viability was not affected while the other three tested
parameters demonstrated a significant improvement
after probiotic treatment. These findings give an
evidence of the importance of using probiotics to
improve fertility of human males.

The first placebo-controlled study was conducted by
Maretti and Cavallini [34] and reported a significant
augmentation in testosterone level and sperm quality
of infertile men after using a combination of pre-
biotic/probiotic therapy. Data showed a direct impact
of prebiotic/probiotic therapy on the function of pitu-
itary gland in terms of enhancing FSH and LH serum
levels. Tremellen [35] proposed the GELDING theory
(Gut Endotoxin Leading Decline in Gonadal function)
that finds a strong relationship between gut micro-
biota and testicular capacity. Tremellen et al. [36]
found that impaired gut mucosa with a leakage of
endotoxin-containing bacteria to systemic circulation
is associated with defected function of Sertoli and
Leydig cells.
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Tirandaz et al. [37] have assumed that there is a sub-
stantial potential of gut microbiota and treatment of sex-
ual dysfunction. This hypothesis is based on a strong
evidence that sexual problems are affected negatively by
hormonal disturbances, stress, obesity, hypertension, and
diabetes. Since many studies show that prebiotics and
probiotics are the key regulators of microbiota improve-
ment, then they may have an influential therapeutic im-
pact on the abovementioned disturbances.

Probiotics and female fertility

A balanced environment of vaginal microbiota acts as a
gatekeeper of female reproductive system and plays a
key role in protecting it from infections that may ascend
to upper reproductive tract and lead to many
gynecological complications. It is estimated that around
7.5 million women in the reproductive age (15—44 years)
are suffering from infertility problem, according to re-
cent statistics in 2016 (National Center for Health Statis-
tics) [38]. It is well known that any infection in the
female reproductive system could be a serious threat to
fertility as well as pregnancy. Therefore, bacterial vagin-
osis (BV) has an adverse effect on pre-term delivery of
low-weight infants, implantation rate in assisted repro-
ductive technology, and post-partum complications.

Normobiosis and dysbiosis of female genital tract

More than 200 bacterial species are colonizing the vagi-
nal microbiota [39]. The most predominant species are
of the genus Lactobacillus and found in 70% of the
women with healthy vaginal microbiome [40]. It was re-
ported that four species of Lactobacillus are the most
abundant among other bacterial strains. L. crispatus is
the most dominant Lactobacillus species followed by L.
jensenii, L. iners, and L. gasseri [41]. Less dominant
Lactobacillus spp. that have been identified are Lactoba-
cillus rhamnosus, Lactobacillus plantarum, Lactobacillus
vaginalis, Lactobacillus salivarius, and Lactobacillus
coleohominis [14].

Other non-Lactobacillus dominant strains that are
found in about 20-30% of women with healthy VMB are
Gardnerella, Corynebacterium, Atopobium, Anaerococ-
cus, Prevotella, and others [41]. Therefore, the presence
of Lactobacillus spp. has been considered a substantial
biomarker for assessment of healthy vaginal microbiota.
Normobiosis of genital tract is defined as a microbiome
with dominance of Lactobacillus spp. and other obligate
anaerobic bacteria. On the other hand, dysbiosis is de-
fined as an imbalance of VMB and dominance of
pathogenic microorganisms, such as Mycoplasma, Urea-
plasma, and Candida. Gynecological pathogenic effects
that may accompany dysbiosis include sexually transmit-
ted diseases (STDs), bacterial vaginosis (BV), adhesions,
tubal mucosal damage, pelvic pain, ectopic pregnancy,
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pre-term labor, post-partum complications, cancers of
reproductive tract, and infertility [42].

Fluctuation of vaginal microbiota

Vaginal ecosystem is influenced drastically by many fac-
tors during woman’s life cycle, such as hormonal
changes, menstrual cycle, pregnancy, menopause, age,
sexual behavior, antibiotic treatment [43], hygienic
habits, and ethnicity [14]. For example, the ratio of L.
crispatus has been found to be stable during menses,
while L. iners has increased significantly during the same
period and returns to its normal ratio after that [43].
However, another study showed that the level of L. cris-
patus is dropped 100 times during menstrual cycle,
while the level of L. iners and many other Lactobacillus
strains increased in women with healthy VMB [44].

Bacterial vaginosis

Microbial vaginal ecosystem is considered pathogenic
once the bacterial composition exceeds the “normal”
fluctuation range. Bacterial vaginosis (BV) is defined as a
vaginal disorder that is characterized by an interruption
of commensal bacterial habitat in the vagina and a
colonization of pathogenic microorganisms [45]. In BV,
a significant decline in Lactobacillus spp. is detected
with a higher overgrowth of other pathogenic bacteria
like Gardnerella spp., Atopobium spp., Prevotella spp.,
and Mobiluncus spp. [39]. The imbalanced microbiota in
the vagina is associated with a higher pH and reduction
of lactic acid level [18] while the hostile pathogens will
induce the production of mucin-degrading enzymes
(e.g., sialidases and mucinases) that disrupts the mucus
coating vaginal epithelium, therefore interfering with a
substantial barrier against infection [46]. In addition, it
has been shown by Harwich [47] that those pathogenic
strains can form a polymicrobial biofilm that allows ad-
herence of other pathogenic species. This dysbiotic con-
dition is considered as the most common cause of
sexually transmitted diseases (STDs) [48], urinary tract
infections (UTIs), and infertility. Bacterial vaginosis was
estimated to reach approximately around 19% in women
suffering from infertility problems [49].

Uses of probiotics as alternative therapy in fertility
preservation, pregnancy, and menopause

Based on many studies, it was concluded that exogenous
administration of Lactobacillus probiotics has the cap-
ability of restoration of vaginal microbiome and hence
improves fertility, pregnancy outcome, and menopausal
infection. Bhandari and colleagues worked extensively to
verify the efficacy of Lactobacillus plantarum in com-
petitive exclusion of sperm-agglutinating Escherichia coli
(E. coli) bacteria. Their results proved that L. plantarum
has a significant displacement competence of E. coli
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colonization based on the presence and the count of E.
coli. bacteria. This finding reflects a substantial role of L.
plantarum in infertility management [21, 50]. The previ-
ous findings were supported by another study of the
same group who used the mice model to assess the pro-
biotics effect as a therapeutic alternative to restore fertil-
ity. They treated the therapeutic group with E. coli for
10 days intravaginally, and then, they administered L.
plantarum for another 10 consecutive days. The fertility
of the therapeutic group was normal compared to the
control group, which reinforces the postulation of using
Lactobacillus probiotics as a therapeutic agent in restor-
ing infertility induced by sperm-agglutinating E. coli.
Anti-inflammatory effect of L. plantarumi in ameliorat-
ing LPS-mediated inflammation-induced infertility was
studied also, and the results have affirmed the potential
response of probiotics in attenuating LPS-induced in-
flammation by upregulation of anti-inflammatory cyto-
kines. These findings were verified by histopathological
examination of female reproductive organs and mating
tests to confirm fertility potential [51].

Restoration of vaginal microbiota

One of the first reports of probiotics effectiveness by
using well-characterized probiotic strains in treating
BV was provided by Anukam et al. [16]. They studied
the effect of capsules containing Lactobacillus rhamno-
sus and Lactobacillus reuteri on forty Nigerian women
with bacterial vaginosis. The results demonstrated 90%
recovery rate in women with BV after probiotics
administration. This finding may lead to the use of
probiotics capsules as self-use therapy over the shelf.
Another study evaluated the efficiency of Lactobacillus-
containing vaginal tablets in treating bacterial BV and
in restoring vaginal microbiota. A double-blind,
placebo-controlled clinical study was carried out by
Mastromarino and his colleagues in 2008 [52]. Thirty-
nine women with BV were enrolled in the trial and
were divided randomly into two groups. The test group
received Lactobacillus-vaginal tablets (L. brevis, L.
salivarius, and L. plantarum) for 7 days daily and was
compared with the placebo group. The results proved a
remarkable improvement of vaginal microbiome as 83%
of the women in the test group were absolutely free of
BV after therapy period, and 17% showed intermediate
level of vaginal flora. The previous experimental data
was confirmed by a study conducted by Ya and co-
workers in 2010 that showed the efficacy of exogenous
administration of Lactobacillus probiotics in treating
BV and restoring healthy vaginal microbiome. These
data were followed by many other studies that all veri-
fied the eminence of exogenous probiotics in curing
bacterial vaginosis and restoration of vaginal normal
flora.
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Ling and colleagues [53] proved that probiotics admin-
istration has better effect, as long-term therapy, than the
classical antibiotic (metronidazole) in treating BV. They
found that probiotics enhance vaginal homeostasis in a
gradual manner by suppressing the overgrowth of harm-
ful bacterial strains, thus providing steady restoration of
vaginal microbiome.

A recent study aimed to investigate the efficiency of
long-term Lactobacillus administration in restoring
vaginal microbiota. The study used 250 non-pregnant
women with BV, over 9 months. The patients were
divided into two groups: group A received standard
antibiotic treatment (metronidazole) while group B re-
ceived antibiotics followed by Lactobacillus rhamno-
sus. The results showed that group B was more
successful in preventing BV recurrence compared to
group A that received antibiotic therapy only. These
data suggested the pivotal role of Lactobacillus as a
prophylactic therapy in suppressing BV recurrence,
after antibiotic treatment [54].

Assisted reproductive technology

As discussed previously, BV is a major cause of infertility
worldwide, as it stimulates many other diseases like
endometriosis, pelvic inflammatory disease, and tubal
blockage as well as elevating the risk of STDs [55].
Therefore, the term BV is misleading, since it is not re-
stricted to the vagina only, but it spreads all over the
lower and upper female reproductive tract [56]. Earlier
research reported that success of in vitro fertilization
(IVF) cycle is highly related to the composition of the
vaginal microflora at the time of embryo transfer [57].
The role of Lactobacillus species in improving fertility
was profoundly demonstrated in an ART study which
found that higher pregnancy rate after IVF cycles was in
patients with vaginal microbiome consisting entirely of
Lactobacillus sp. The cohort study showed that out of
84 women who underwent IVF cycles, only 8% of them
with bacterial vaginosis (Gardnerella vaginalis and/or
Atopobium vaginae) were able to conceive, compared to
40% clinical pregnancy rate in healthy women [58].
Nevertheless, a randomized controlled trial was per-
formed to investigate the prophylactic action of anti-
biotic (co-amoxiclav) in IVF patients prior to embryo
transfer. A total of 350 patients were enrolled in the
study, and the results showed a significant reduction of
microbial contamination of catheter tip after embryo
transfer between the group which received antibiotics
and the control group although no difference in clinical
pregnancy was detected between the two groups [59].
This finding can be explained by the ability of the antibi-
otics to decrease the bacterial load, but they do not re-
duce the bacterial residues that still affect the immunity
system [60]. Moreover, other studies showed that



Younis and Mahasneh Middle East Fertility Society Journal

colonizing embryo catheter tip with Lactobacillus sp. at
the time of embryo transfer may lead to higher implant-
ation rate and live birth rate, by lowering the intrauter-
ine infection rate [61].

Another study reported the positive effect of Lactoba-
cillus supplementation in mitigating the inflammation in
patients with polycystic ovary syndrome (PCOS), and
consequently improving their fertility. PCOS is a com-
mon but treatable endocrine disorder that is character-
ized by an excess secretion of testosterone hormone,
elevation of inflammation, ovarian dysfunction, and
hence infertility. This recent study was carried out to in-
vestigate the effect of probiotic supplementation in
amelioration of inflammation accompanied with PCOS.
The results showed a reduction of IL-6 and hs-CRP and
a significant increase in IL-10 level in the test group that
received probiotic supplementation compared to the pla-
cebo group. On the other hand, no significant change
was detected in TNF-« level in the test group. The pre-
vious results support the role of probiotics in alleviating
the inflammation and hence improving the fertility of
PCOS patients [62].

Pre-term birth in pregnancy

During a healthy pregnancy, the vagina shows more
stable and well-balanced ecosystem dominated by Lacto-
bacillus sp. An earlier study conducted by Hillier and
colleagues in 1995 [63] found a strong relationship be-
tween bacterial vaginosis and pre-term delivery of low-
birth weight infants. A recent study that included 593
pregnant women was carried out to investigate the
prevalence of unbalanced vaginal microflora in different
trimesters of pregnancy, and to examine the effect on
miscarriage or pre-term delivery. They reported a signifi-
cant relationship between abnormal vaginal microflora
and pre-term birth (PTB) in the second trimester before
28 weeks. Klebsiella pneumoniae was characterized as
the major bacteria that causes PTB before 28 weeks of
gestation [64]. The presence of BV associated bacteria
like Gardnerell avaginalis, Bacteroides spp., Peptococcus
spp., Staphylococcus epidermidis, Streptococcus agalac-
tiae, and Ureaplasma urealyticum is an indication also
of early post-partum endomitritis [65]. Approximately
40-50% of pre-term births are related to bacterial infec-
tion. The absence of vaginal Lactobacilli sp. and prolifer-
ation of anaerobic pathogenic bacteria will lead to
alteration of defense mechanism and may promote deg-
radation of cervical barrier which provokes the patho-
genic invasion of the amniotic fluid and endometrium.
Eventually, myometrial contractions may be stimulated
and pre-term delivery could be induced [66]. Using next
generation sequencing (NGS), a new technology used re-
cently to study the microbiome of the vagina as well as
the internal cavity of the uterus, showed that microbial
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dysbiosis may form a serious risk on the embryo during
pre-implantation stage and in maintaining a healthy
pregnancy [67].

A Cochrane review was carried out in which 7847
women were diagnosed with bacterial vaginosis and
underwent antibiotic therapy. The study pointed out that
antibiotic therapy has a positive effect in reducing BV
during pregnancy and diminishing the risk of late mis-
carriage treatment. Nevertheless, it could not eliminate
the risk of pre-term birth before 37 weeks, or the risk of
pre-term membrane rupture prior to delivery [68]. Pro-
biotics use may minimize pregnancy complications like
pre-eclampsia and PTB. A meta-analysis report supports
the use of probiotics as prophylaxis for preventing BV
recurrence in healthy women with previous history of
BV incidence. The results showed that probiotics use
has a progressive impact on BV amelioration. In
addition, probiotics use is preferred over antibiotics, be-
cause probiotics can be used for a long term without any
side effect, particularly the impairment of the normal
bacterial microbiome [69].

Menopausal vaginal infection

Estrogen metabolizing activity of gastrointestinal (GI)
bacteria is highly associated with the function of the re-
productive system. Their enzymatic activity is necessary
for estrogen processing, either by releasing it back to the
circulation or by excretion through urine or fecal wastes
in a process called enterohepatic circulation. The bac-
teria involved in this regulation process are called estro-
blome [70]. Deficiency of estrogen and progesterone will
decrease the thickness and elasticity of vaginal tissues in
approximately 47% of menopausal women [71]. It was
reported that 56% of women in menopause age have im-
balance vaginal flora with dominant species other than
Lactobacillus spp. [72]. In a study carried out in China,
92 fertile women and 22 menopausal healthy women
were enrolled. It was found that only 3% of fertile
women possess one Lactobacillus sp. while 97% of the
fertile women have 2 or 3 species of Lactobacillus spp.
On the other hand, 91% of the menopausal women
showed only one species of Lactobacillus, while 9% of
them demonstrated 2 species of Lactobacillus [73]. A re-
cent review from Korea indicated that L. crispatus is the
most frequent colonizing species in healthy women with
antimicrobial activity, which was suggested to be used as
a probiotic therapeutic alternative to antibiotics in Ko-
rean women [74].

Conclusions

Several evidence-based studies highlight the significant
contribution of probiotics in reinforcement of body
health, in general, and in enhancement of fertility, in
particular. Probiotics efficiency in fertility boosting is
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addressed on two levels: the first level is male fertility
restoration by reversing the adverse impact of oxidative
stress induced by fatty diet and old age, affecting nega-
tively testosterone level and sperm quality, and the sec-
ond level is female fertility improvement. The pivotal
role of the vagina as a first-line guard of infections that
may ascend to the upper reproductive tract has stimu-
lated scientists to identify and characterize the compos-
ition of the vaginal flora. The latest technologies, such as
next generation sequencing (NGS), have been utilized
for this purpose. It is now well known that presence of
predominant Lactobacillus species is considered a health
biomarker of symbiotic equilibrium of female genital
tract. Pathogenic invasion of the vagina and imbalance
of vaginal homeostasis have been found to alter the pre-
dominance of beneficial Lactobacillus species, leading to
several gynecological complications, such as bacterial
vaginosis, pre-term birth in pregnancy, menopausal in-
fection, and infertility. Further research is still needed to
investigate the potential role of probiotics as natural
anti-pathogenic supplements and fertility boosting
agents. Moreover, robust in vivo experiments on probio-
tics should be performed to elucidate their various
modes of action, methods of administration, and syner-
getic action with antibiotics, to improve male and female
fertility potency.
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