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ABSTRACT

A healthy microbiome plays an important role in the prevention of illness and maintenance of overall health,
including reproductive health. Although the therapeutic advantages of probiotics have been shown to run across
multiple organ systems, their role in pregnancy is not well explored. The aim of this review is to highlight the
potential advantages and adverse effects of probiotics in pregnancy. Data were collected from the literature over
the past decade using PubMed, Medline, Google Scholar, Ovid, Scopus, and Science Direct. A total of 40 articles
were utilized in this review. Collected data indicated that prenatal and post-natal supplementation with lacto-
bacilli alone or lactobacilli with Bifidobacterium spp. seems to be protective. Probiotics may improve insulin
resistance and consequently reduce the risk of gestational diabetes. Probiotics may also reduce anxiety and
depression by influencing brain activity. Additionally, they interfere with vaginal flora to make it friendlier to
beneficial bacteria, and enhance anti-inflammatory or reduce pro-inflammatory cytokines. They may also
decrease eczema in breastfed infants and prevent allergic reactions by downregulating Th2 responses to specific
allergens from mid to late gestation. Leveraging the cervicovaginal microbiota could promote a number of
positive pregnancy-related health outcomes. Caution should be exercised in the selection, dosing, and monitoring
of probiotics administration. More comprehensive randomized clinical trials are needed to reach a more
meaningful evidence-based clinical knowledge.

Introduction

including mucus, fibronectin, lactoferrin, and host immune elements
such as the complement system and secretory immunoglobulin A (IgA).

Probiotics are “live microorganisms that, when administered in
adequate amounts, confer a health benefit on the host” [1]. They are
characterized by their ability to influence the microbiome and conse-
quently improve immunity [2]. Their benefit has been implied in a
spectrum of pathologies, such as inflammatory bowel disease, type 2
diabetes mellitus, and acquired immunodeficiency syndrome. Recently,
several probiotic formulations have been developed to target the cer-
vicovaginal microbiota, which are known to influence vaginal defenses

These probiotics are expected to impact reproductive health, including
pregnancy, fertility and sexually transmitted infections. Yet, these for-
mulations have adverse effects in addition to their desired outcome,
necessitating careful evaluation prior to their integration into manage-
ment protocols [3].

Excluding the cervicovaginal environment, it has been thought for
decades that the intrauterine environment is sterile. This view is
currently being challenged, however, as studies have demonstrated the
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presence of microbes in the placenta, amniotic fluid, fetal membranes
and umbilical cord blood following both normal vaginal delivery and
caesarian section [4,5]. This is explained by vertical bacterial transfer
from the maternal cervicovaginal and gut microbiota, and it is assumed
that those microbes modulate pregnancy-related outcomes, from
conception to birth, as well as the newborn’s immune system develop-
ment [6]. This narrative review aims to summarize the recent updates
regarding the impact of probiotic supplementation during pregnancy on
maternal and infant health.

Material and methods
Search strategy

Six electronic data bases were utilized: PubMed, Medline, Google
Scholar, Ovid, Scopus and Science Direct. The search was done in
October 2020 and covered a period of ten years, 2010-2020, without
language or study type restrictions. The following keywords were used
in combination to find eligible studies: “probiotics; “pregnancy”;
“maternal outcomes”; “infant outcomes”, “vaginal microbiota”, and
“cervicovaginal bacterial microbiota”.

Study selection

A total number of 688 relevant articles were covered as selected
publications including reviews and original research articles. Abstracts
and editorials were excluded. Also, articles mostly related to health
education and promotion were also excluded. Identified publications
were manually screened based on titles and abstracts. Eligibility was
then confirmed by reviewing the full-texts of all publications meeting
the eligibility criteria. Finally, 40 articles were utilized in drafting the
review.

Results
Subsections

Effect of probiotics on gestational weight and gestational diabetes mellitus

Obesity in pregnancy is linked to an increased risk of health hazards
to both the mother and the fetus [7,8]. It is associated with gestational
diabetes mellitus (GDM), gestational hypertension, preeclampsia, mac-
rosomia (birth weight > 4,000 g) and fetal death [9,10]. Interestingly, a
deviant gut microbiota pattern has been reported in overweight and
obese pregnant women, namely a higher proportion of Staphylococcus
spp., and a lower proportion of Bifidobacterium spp. and Bacteroides spp.,
in comparison with normal-weight pregnant women [9]. Thus, it is
speculated that the use of probiotics can balance the properties of
aberrant microbiota, and by extension, address maternal obesity and its
associated complications.

Pre- and post-natal supplementation of probiotics appears to be
beneficial to mother and fetus [11]. In a randomized controlled trial
(RCT) by Luoto et al., 256 normal-weight pregnant women were ran-
domized and given either probiotic capsules once daily containing
Lacticaseibacillus rhamnosus GG and Bifidobacterium lactis BB12, at a dose
of 1 x 10'° colony-forming units (CFUs) each, or placebo. Participants
received capsules from the first trimester of pregnancy till the end of
exclusive breastfeeding. GDM was diagnosed based on modified criteria
of the Fourth International Workshop Conference on Gestational Dia-
betes Mellitus [12]. Results from this trial showed a significant risk
reduction of GDM from 34% to 13% in the probiotics group [13].
Similarly, in another RCT, 82 pregnant women in their third trimester
were randomly assigned to consume either 200 g of conventional
yoghurt (containing starter cultures of Streptococcus thermophilus and
Lactobacillus bulgaricus), or probiotic-containing yoghurt (containing
starter cultures of S. thermophilus and L. bulgaricus enriched with
Lactobacillus acidophilus LA5 and B. lactis BB12), with a total of minimum
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1 x 107 CFUs. Fasting plasma glucose (FPG) and insulin levels were
measured at baseline and after 9 weeks of intervention. Insulin resis-
tance was assessed with the Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) [14]. Results from this study showed significant
differences between probiotic and conventional yoghurts: changes from
baseline in insulin levels was + 1.2 + 1.2 pIU/ml vs 4+ 5.0 £ 1.1 pIU/ml,
respectively, and the HOMA-IR score was — 0.2 = 0.3 vs 0.7 £+ 0.2,
respectively. Authors were able to conclude that probiotic administra-
tion may maintain serum insulin levels by dampening insulin resistance
during pregnancy [15]. Indeed, probiotics could improve insulin resis-
tance in pregnant women by decreasing the levels of inflammatory
markers, namely tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-
6), and by increasing intestinal glucagon-like peptide 1 (GLP-1) levels,
resulting in reduction of glucotoxicity [16]. Furthermore, in a recent
RCT conducted by Asgharian et al., 130 non-diabetic overweight and
obese pregnant women were given 100 g per day of conventional
yoghurt (containing starter cultures of 1 x 10”7 CFUs/g S. thermophilus
and Lactobacillus delbrueckii), or probiotic yoghurt (containing starter
cultures of 1 x 107 CFUs/g S. thermophilus and L. delbrueckii enriched
with 5 x 108 CFUs/g L. acidophilus LA5 and B. lactis BB12), from 24
weeks of gestation until birth. Women included in this study presented
with an early or pre-pregnancy body mass index (BMI) of at least 25 kg/
m? and a FPG of less than 92 mg/dL at 22 weeks of gestation, and were
followed up until 30 days post-delivery. Results from this trial showed
that FPG and plasma glucose 2-h post 75-g oral glucose tolerance test
(OGTT) were significantly lower in the probiotic group [17]. Such
findings suggest that probiotic supplementation is associated with
beneficial effects on glucose metabolism in pregnancy. Nevertheless,
results from other studies have indicated that probiotics have no sig-
nificant effects on incidence of GDM [18], nor on FPG [19]. For instance,
in a RCT conducted by Pellonpera et al., 439 non-diabetic pregnant
women at less than 18 weeks of gestation with a pre-pregnancy BMI of at
least 25 kg/m? were recruited. One group received one probiotic capsule
per day containing L. rhamnosus HNOO1 and B. lactis 420 at a dose of 1 x
10 CFUs per capsule. Capsules were provided from the first study visit,
throughout the pregnancy, and until 6 months postpartum. GDM was
diagnosed with 75-g OGTT at 24-28 weeks of gestation and the change
in FPG was assessed in late pregnancy (mean 35.2 + 0.9 gestational
weeks). Results showed no significant difference in these outcomes
among the two groups [20].

The conflicting outcomes regarding the effects of probiotics on GDM
and FPG may be attributable to multiple factors, including the use of
different probiotic strains, as well as different dosages, routes of
administration and duration of use among studies. Additionally, con-
flicts of interest may arise when studies are provided with probiotics by
the producing company without compensation [21].

A summary of these findings is depicted in Table 1.

Effect of probiotics on preterm birth

Preterm birth (PTB) is birth occurring at a gestational age fewer than
37 weeks. It is a morbidity that compromises the health of a neonate
acutely, and may precipitate long-term complications. Probiotics have
been explored as a modality to reduce the incidence of PTB. In an RCT
done by Daskalakis et al., 106 women with preterm premature rupture
of membranes (PPROM) between 24 and 34 weeks of gestation received
a 10-day course of either placebo or vaginal probiotic capsules con-
taining 1 x 108 CFUs of L. rhamnosus and Lactobacillus gasseri each, in
combination with antibiotic prophylaxis for a 10-day period (study
group) or antibiotics alone (control group). All participants were fol-
lowed with daily clinical examinations, and the study group was found
to have a significantly higher latency period (5.60 vs. 2.48 weeks) and
mean birth gestational age (35.49 vs. 32.53 weeks) [22]. Moreover, a
population-based prospective cohort study involving 70,149 singleton
pregnancies showed that probiotic milk consumption containing
L. acidophilus LA5, B. lactis BB12 (dose of 1 x 108 CFU/mL) during early
pregnancy, but not before or in late pregnancy, was linked to a lower risk
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Table 1
Effect of Probiotics on Gestational Weight & Gestational Diabetes Mellitus (GDM).
Bacteria (with dosage in CFUs/day) Intervention period Number of Effects References
participants
Bifidobacterium lactis BB12 (1 x 10'%) and Lacticaseibacillus From 1st trimester until end of 256 Decreases the risk of developing [13]
rhamnosus GG (1 x 10'%) exclusive breastfeeding GDM in normal-weight women
Streptococcus thermophilus (1 x 107), Lactobacillus bulgaricus (1 x 9 week-course during the 3rd 82 Decreases insulin resistance [15]
107), Lactobacillus acidophilus LA5 (1 x 107), and B. lactis BB12 (1 trimester
% 107)
S. thermophilus (1 x 10%) and Lactobacillus delbrueckii (1 x 10°), From 24 weeks of gestation until 130 Decreases abnormal FPS & OGTT [17]
L. acidophilus LA5 (5x10'°) and B. lactis BB12 (5x10'°) delivery in overweight and obese women
Lacticaseibacillus rhamnosus HN0O1 (1 x 10'%) and B. lactis 420 1 x From less than 18 weeks of 439 No effect on GDM or FPG in [20]
10'9) gestation until 6 months overweight or obese women
postpartum
of PTB, defined as delivery between 22 + 0 and 36 + 6 weeks of
gestation [23]. Conversely, a systemic review and meta-analysis by ;?fble 2f Probioti N | Health
Alexander Jarde and coworkers in 2018 concluded that prebiotics or ect of Probiotics on Neonatal Health.
probiotics administration during pregnancy has no impact on PTB or Bacteria (with Intervention Number of  Effects References
maternal adverse outcomes [21]. This could be explained by the fact jzsaf);e inCFUs/ period participants
that most studies included in this meta-analysis had the intervention i
period during late pregnancy [21], while studies that found significant Lactobacillus Early 70,149 Decreases (17,231
. . . . acidophilus LA5 pregnancy the risk of
results had the intervention period during early pregnancy [23]. (1 x 109 PTB
Lactobacilli play an essential role in preventing mucosal and sys- Biﬁdobaa’mum
temic inflammation [24]. In a study evaluating the effects of lactobacilli lactis BB12 (1 x
on inflammatory mediators, it was found that L. rhamnosus GR-1 su- 198) o
pernatant (GR-1 SN) induced production of the anti-inflammatory cy- Lacticaseibacillus 10-day course 106 Increases (22]
Ki d 1 . lati r b rhamnosus (1 x between 24 latency
tokines IL-10 and colony-stimulating factor 3 (CSF3) by mouse 10°) and and 34 weeks period and
macrophages via JAK and MAPK pathways [25]. It was also found that Lactobacillus of gestation gestational
GR-1 SN decreases LPS-induced TNF-a inflammatory effects through gasseri (1 x 10°%) age in
Jun-N-terminal kinases (JNKs) blockade [26,27]. When GR-1 SN was PPROM
administered intra-peritoneally to pregnant mice, it was found to L. rhamnosus From 35 474 Decreases (23]
) p y 1o pregnar » LW HNOOI (6x10”  weeks of the risk of
decrease pro-inflammatory cytokines and increase anti-inflammatory gestation until developing
cytokines in the amniotic fluid and the maternal plasma, and was also 6 months eczema in
found to decrease the rates of LPS-induced PTB [28]. postpartum if children up
As hinted to earlier, discrepancies in the findings regarding the ef- breastfeeding t‘;de' years
. . O.
fect.s o.f. probiotics on .ma.ternal and neopatal healt.h .may be due to 36 g of From > 20 191 Decreases [72]
variability among studies in terms of strains of probiotic used, dosage, Enterococcus weeks of the risk of
duration of use, and route of administration. Of note, results from meta- faecalis (10 mg/  gestation until PTB
analyses tend to be inconsistent due to the heterogeneity of RCTs i)’ Cl_osm‘i‘;)" delivery
included. More comprehensive clinical trials are needed in this context. nﬁl;/,g l;': d(
A summary of these findings is depicted in Table 2. Bacillus
mesentericus (50
Effect of probiotics on skin allergies and eczema mg/g)

Probiotics have been progressively recognized as a relevant pre-
ventive and therapeutic treatment modality for food allergies. Indeed,
the use of some commensal bacteria such as Clostridia was linked to
prevention or resolution of symptoms of atopy in clinical trials. None-
theless, comprehensive evidence on the cellular mechanisms underlying
the anti-allergic effects of probiotics and the pathways linking the gut
microbiota to the immune system is still lacking [29]. Similarly, pro-
biotics have a positive effect on allergies in infants. For instance, a meta-
analysis conducted by Doege et al. concluded that eczema in children
aged between 2 and 7 years could be prevented following the use of
lactobacilli during pregnancy [30]. Another meta-analysis reported that
numerous probiotic strains, especially L. rhamnosus GG, could moder-
ately reduce the incidence of atopic and immunoglobulin E (IgE) asso-
ciated dermatitis [31]. No significant differences in the development of
atopic dermatitis were found among different probiotic types or dose
given [31].

In a different study, one probiotic capsule containing 6 x 10° CFUs of
L. rhamnosus HNOO1 was administered once a day to mothers from 35
weeks of gestation until 6 months postnatally if breastfeeding, and to
babies from birth until 2 years of age. Results showed that the preva-
lence of eczema, assessed using the UK Working Party’s Diagnostic
Criteria for atopic dermatitis [32], was significantly reduced to 50
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percent in 2-, 4-, and 6-year-old children [33]. A recent meta-analysis
suggested that probiotic administration during pregnancy and infancy
prevented eczema to a better extent in < 2 year-old versus those older
than 2 years, and that mixed lactobacilli-Bifidobacterium spp. interven-
tion has a greater effect [34]. Additionally, another meta-analysis has
reported that probiotic administration prenatally only or postnatally
only did not result in prevention of eczema [35]. Thus, it was concluded
that effective prevention of eczema occurred with probiotic supple-
mentation during both the prenatal and postnatal period.

In eczema, inflammation is initiated by Th2-dominant immune cells.
If not suppressed, a continuous Th2 response subsequently induces a
Thl response that is responsible for chronic inflammation due to
secretion of pro-inflammatory cytokines by damaged keratinocytes
[36]. Newborns and young children have an immature and underde-
veloped immune system that is prone to an immature Th2-dominant
state, thus explaining their susceptibility to developing eczema [37].
Immune system maturation and development of a proper balance be-
tween immune cells depends on early-life exposure to appropriate mi-
crobial flora [38]. Hence, probiotics could play a role in the prevention
of eczema development by positively modifying microbial flora in
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infants. The observed efficacy of early probiotic intervention relies on
the fact that fetal IgE antibodies are produced during the first trimester.
Similarly, the production of allergen-specific IgE antibodies occurs
during the second trimester [33]. Additionally, maternal allergy can
influence the regulation of antigen-specific responses. This is based on
the fact that non-allergic mothers showed a down-regulation of their T
helper cell type 2 (Th2) responses to specific allergen during mid to late
gestation. This may have an influence on the fetal immune response
since most trials administer probiotics late during pregnancy (from 32 to
35 weeks of gestation). Thus, they might have missed the critical win-
dow to influence the fetal immune response resulting in later develop-
ment of allergic disease [33]. Accordingly, prenatal supplementation
should be initiated in early pregnancy in order to achieve the desired
effect.
A summary of these findings is depicted in Table 2.

Effect of probiotics on mental health

Gastrointestinal probiotics were shown to play an important role in
the communication between the gut and the brain [39]. Indeed, bene-
ficial effects were observed among people with major depressive dis-
order using probiotics [40]. There is an increasing evidence about the
existence of a microbiome-gut-brain axis that consists of bidirectional
pathways linking the microbiota to brain chemistry and behavior. Ele-
ments contributing to this axis include the immune system, the neuro-
endocrine system, the hypothalamic—pituitaryadrenal axis, the enteric
nervous system, the vagus nerve, and the enteric and cervicovaginal
microbiota [40-42].

Postnatal depression (PND) is a common complication of pregnancy,
and it may be followed by persistent depression or suicide in few cases. It
is a disorder that can negatively impact the mother’s ability to care for
and bond with her infant and impinge on her quality of life. On top of
that, maternal depression is associated with chronic effects on children’s
cognitive, social, emotional and health outcomes [43]. Therefore, the
utility of probiotics during pregnancy and the postpartum period in
preventing symptoms of depression and anxiety has been explored [44],
as these conditions will reflect negatively on child health, nutrition and
cognition [42].

In a double blind RCT, 25 subjects with urinary free cortisol between
10 and 50 ng/mlL at baseline received either daily oral probiotic
formulation containing 3 x 10° CFUs of Lactobacillus helveticus RO052
and Bifidobacterium longum R0175 or placebo for 30 days. Depression
and anxiety were assessed according to the Perceived Stress Scale [45],
the Hospital Anxiety and Depression Scale [46], and the Hopkins
Symptom Checklist-90 [47]. Participants receiving probiotics experi-
enced significantly less anxiety and depression than the control group
[48]. Furthermore, administration of a mixture of four probiotic strains
(B. lactis BB12 (1.25 x 10'° CFUs), S. thermophilus (1.2 x 10° CFUs),
L. bulgaricus (1.2 x 10° CFUs) and Lactococcus lactis (1.2 x 10° CFUs))
twice daily for 12 healthy women with no gastrointestinal or psychiatric
symptoms over four weeks was linked to decreased brain activity to an
emotional attention task in the brain regions that process sensory in-
formation and emotions. Therefore, it was speculated that probiotics
might modulate the metabolic activity of the host microbiota, leading to
production of metabolites that influence nervous system activity [49].
Moreover, in a study conducted by Slykerman et al., 423 women at
14-16 weeks of gestation were recruited and received either placebo or
L. rhamnosus HNOO1 (dose of 6 x 10° CFUs) daily until birth, and until 6
months postpartum if they were breastfeeding. A lower prevalence of
PND and anxiety symptoms, assessed using the EDPS [50], were
demonstrated among women supplemented with HNOO1 probiotic
during pregnancy and postpartum. The findings of this study, however,
should be interpreted with scrutiny, since they were based on retro-
spective self-reported mental health data collected from participants 6
months postpartum, which could result in high detection bias [44].

On the other hand, in a double-blinded RCT, a multi-ethnic cohort of
230 obese pregnant women were given probiotic (L. rhamnosus GG and
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B. lactis BB12 at a minimum of 6.5 x 10° CFUs) or placebo capsules. The
participants were assessed at baseline (12-17 weeks of gestation) and at
36 weeks of gestation and screened for depression, anxiety, functional
health and physical well-being. Depression was assessed using the
Edinburgh Postnatal Depression Scale [50], anxiety was assessed using
the 6-item short-form State-Trait Anxiety Inventory [51], and functional
health and well-being was assessed using the 12-Item Short-Form Health
Survey [52]. Findings revealed that probiotics had no effects on mental
health outcomes, including anxiety, physical well-being and mental
well-being [53]. However, a subgroup analysis of a recent meta-analysis,
has shown that while probiotic supplementation had no significant
overall effect on mood in healthy subjects, it had a statistically signifi-
cant benefit in patients with mild to moderate depressive symptoms
[54]. Consequently, more research is needed to appreciate the effect of
probiotics in individuals with clinically diagnosed depression.
A summary of these findings is depicted in Table 3.

Bacterial vaginosis and other infections

The effect of cervicovaginal microbiota on infectious diseases has
been proven. Bacterial vaginosis (BV) results from dysbiosis of the
vaginal microbiota, characterized by the depletion of lactobacilli [55].
This is highly prevalent in pregnant women, and is associated with
preterm labor, PPROM, spontaneous abortion, and chorioamnionitis
[33]. Probiotic lactobacilli, when administered either vaginally or
orally, interfere with the vaginal environment to make it more
compatible with the flora, by enhancing anti-inflammatory cytokines
and reducing vaginal pH [56]. This has been demonstrated by a trial in
which 125 premenopausal women with BV treated with oral metroni-
dazole (500 mg) twice daily from days 1 to 7 were randomized to receive
either a combination of metronidazole and L. rhamnosus GR-1 and
Limosilactobacillus reuteri RC-14 (both at a dose of 1 x 10° CFUs) or
placebo twice daily from days 1 to 30. Cure of BV was determined by
having a normal Nugent score, negative sialidase test and no symptoms
or signs of BV at day 30. It was found that the combination of metro-
nidazole and probiotics was twice as effective against BV compared to

Table 3
Effect of Probiotics on Mental Health.

Bacteria (with Intervention Number of Effects References

dosage in CFUs/ period participants

day)

L. rhamnosus From 14to 16 423 Decreases the [44]
HNOO1 (6x10°)  until birth or risk of

6 months developing

postpartum if postpartum

breastfeeding depression &
anxiety

Bifidobacterium 4 week-course 12 Decreases [49]
lactis BB12 brain activity
(2.5x101°), in regions
Streptococcus that process
thermophilus sensory
(2.4x10%), information
Lactobacillus and emotions
bulgaricus
(2.4x10%) and
Lactococcus
lactis (2.4x10°)

Lacticaseibacillus From 12 to 17 230 No effect on [53,54]
rhamnosus GG until 36 mental health
(6.5x10%) and weeks of outcomes
B. lactis BB12 gestation (anxiety,

(6.5 x 10%) physical and

mental well-
being) except
in depressed
participants
after
subgroup
analysis
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metronidazole alone [57]. This effect is supported by studies showing
that lactobacilli survive passage through the gastrointestinal tract and
can influence the composition of vaginal microbiota [33]. Potential
mechanisms by which orally administered probiotics can alter the
vaginal microbiota are multifold. Probiotics are believed to ascend to
the vaginal tract following their excretion from the rectal area [58]. In
the vaginal milieu, glycogen from lysed cells is catabolized to smaller
polymers, which are subsequently metabolized to lactic acid by lacto-
bacilli [59]. Acidification of the vaginal milieu promotes the growth of
lactobacilli and inhibits the proliferation of other anaerobic bacteria
[60]. Additionally, lactobacilli produce hydrogen peroxide, bacteriocins
and biosurfactants, all known to hinder pathogenic growth [59,61,62].
They also produce cytolysin, which stimulates epithelial cells lysis and
thus enhances glycogen bioavailability. In addition, lactobacilli promote
autophagy of infected epithelial cells [63]. They also displace pathogens
in the vagina by competitive inhibition for binding sites, such as
mannose which is used by both lactobacilli and yeast [64,65]. These
mechanisms all promote antimicrobial defense without inducing
inflammation [59]. Finally, while still in the gut, probiotics may prevent
pathogens from reaching the vaginal tract by inducing intestinal anti-
body and phagocytic response [66].

While oral administration of probiotics has been shown to positively
alter the composition of the vaginal microbiota, it bears some disad-
vantages. In fact, this intervention is dependent on the viability of the
strains as they pass through the gastrointestinal tract [67]. Moreover,
the time for orally administered probiotics to influence the vaginal tract
is longer than direct vaginal administration [67]. Additionally, vaginal
administration allows for the administration of a higher probiotics load
than oral administration [68]. Nevertheless, the oral approach bears the
advantages of reducing the transfer of pathogens from the rectum to the
vagina [69], and of potentially being more convenient than vaginal
instillation [70].

A recent retrospective study evaluated probiotics’ effects on peri-
natal outcomes in patients with high risk of preterm delivery. Cho-
rioamnionitis was diagnosed using Blanc’s criteria with stage II or
higher [71], and vaginal flora was examined after 20 weeks of gestation
with bacterial culture. In this study, 121 patient records were examined,
with 45 in the probiotics group and 76 in the non-probiotics group. The
patients in the probiotics group were administered orally 3-6 g of
Enterococcus faecalis (10 mg/g), Clostridium butyricum (50 mg/g) and
Bacillus mesentericus (50 mg/g) daily starting before the 20th week of
gestation until delivery. It was found that patients who were adminis-
tered oral probiotics containing C. butyricum for BV prophylaxis were
associated with a significantly lower risk of PTB before 32 weeks [72].

Nevertheless, the treatment with probiotics of BV-positive pregnant
women with the objective of reducing the risk of PTB was not supported
by the results of a systematic review [55]. Additionally, in a double-
blinded RCT, 238 participants either received oral capsules of pro-
biotic containing L. rhamnosus GR-1 and L. reuteri RC-14 (both at a dose
of 2.5 x 10° CFUs) or placebo once daily from 9 to 14 weeks of gestation
until the end of pregnancy. Results showed that there was no difference
in the rates of BV between the two groups at 18-20 weeks of gestation
[73]. Therefore, there is no consensus regarding the use of probiotics for
the management of vaginal infections [58]. Hence, further studies need
to be conducted, as knowledge about the real effect of probiotics in the
setting of obstetrical and gynecological conditions remains scarce.

Streptococcus agalactiae (GBS) is a leading cause of maternal and
neonatal infection, and is one of the main culprits in PTB. A critical
element in combating GBS growth is the acidic vaginal environment
produced by lactobacilli metabolism. In fact, antimicrobial activity is
mainly dependent on pH values. Lactobacilli strains were shown to have
the ability to produce the highest lactic acid levels and consequently
have the highest antagonistic effect against GBS [74]. In an RCT, 110
pregnant women at 35-37 weeks of gestation with positive vaginal and
rectal GBS cultures were treated orally with placebo capsules versus
probiotic capsules containing L. rhamnosus GR-1 (1 x 10° CFUs) and
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L. reuteri RC-14 (1 x 10° CFUs) until delivery. It was found that probiotic
administration significantly reduced the vaginal and rectal GBS coloni-
zation rates [75]. However, in another placebo-controlled study of 41
GBS-positive pregnant women who received orally twice daily a 14 days
course of four viable strains of lactobacilli (Lactobacillus jensenii (2 x 10°
CFUs/g), Lactobacillus crispatus (1 x 1010 CFUs/g), L. rhamnosus (1 x
1010 CFUs/g), and L. gasseri (3 x 10° CFUs/g)), no difference in GBS
colonization rates were observed in the two groups [76]. Currently,
there is no consensus regarding the role of probiotic administration on
GBS carriage [77]. Discrepancies in the findings regarding the effects of
probiotics may be related to a relatively low number of participants, and
to the specific combination of probiotic strains used. Therefore, evi-
dence remains sparse and inconsistent, emphasizing the need for
rigorously controlled and standardized studies in order to resolve this
matter.

A third observed effect of probiotics against vaginal infections is that
of L. crispatus against Neisseria gonorrhoeae and Chlamydia trachomatis,
which highlights the possible effect against sexually transmitted in-
fections (STIs) [78,79]. This has been demonstrated by a study involving
117 women affected by BV with concomitant Human Papilloma Virus
(HPV) infections, who were randomized in two groups: one group
received standard treatment plus short-term (3 months) vaginal
L. rhamnosus BMX54 implementation (1 x 10* CFUs/day), and the other
group received standard treatment plus long-lasting (6 months) vaginal
L. rhamnosus BMX54 (1 x 10* CFUs/day) implementation. Results from
this study showed that long-term treatment with L. rhamnosus BMX54
was twice as likely to solve HPV infections than short-term treatment,
pointing out the ability of this species to restore a balanced vaginal
ecosystem [80]. Furthermore, in another study, 108 pregnant women
between 27 and 32 weeks of gestation were assigned to receive either 50
mg of oral Ligilactobacillus salivarius S2 (1 x 10° CFUs) or placebo once
daily until delivery. It was found that the incidence of mastitis during the
first 3 months postpartum was significantly lower in the probiotic group.
In addition, even when mastitis occurred, the bacterial counts were
significantly lower in the probiotic group [81].

A summary of these findings is depicted in Table 4.

Discussion

Selective microbial populations are essential for vaginal wellness.
The impact of diet and probiotics on the composition of vaginal
microbiota has been well documented. It is becoming more apparent
that lactobacilli-based microbiota is favored for vaginal wellness [82].
However, considerable variability exists in the colonizing microorgan-
isms of all surfaces of the human body which are exposed to the external
environment. Abundant evidence is reported in the literature about gut
microbiota which consists of>70% of all microbes in the human body
and where trillions of microbes live, outnumbering the human body own
cells. On the other hand, relatively little is known about the mechanistic
interactions of vaginal or reproductive tract microbiota which are
strongly influenced by environmental factors. Probiotics administered
during pregnancy may impact the child’s health by altering the bacteria
that initially colonize the developing infant, and by influencing neonatal
immune development [83]. Studies based on 16 S rDNA sequencing
have highlighted that only few of the bacterial phyla are detected in the
reproductive tract, with lactobacilli having the largest representation of
the coexisting microorganisms [84]. Such microbiota strongly in-
fluences the development and maintenance of immune homeostasis, and
act as a barrier from pathogens invasions. Shifts in microbial community
relationships could stabilize the normal homeostatic status and/or
possibly compromise the health status including pregnancy. Such per-
turbations could be corrected by probiotics which, when administered
appropriately, could normalize the flora condition thus promoting a
better health status to the reproductive tract and enhance normal
physiological functions.

Despite vaginal microbiota diversity (lactobacilli and Bifidobacterium
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Table 4
Effect of Probiotics on Gestational & Postpartum Infections.
Bacteria (with dosage in CFUs/day) Intervention period Number of Effects References
participants
L. rhamnosus GR-1 (2x109) and L. reuteri RC-14 (2x109) 30 day-course 125 Increases cure rate of BV when combined with [57]
metronidazole compared to metronidazole only
L. thamnosus GR-1 (2.5x10°) and L. reuteri RC-14 (2.5x10°) From 9 to 14 weeks of 238 No effect on BV cure rate [73]
gestation until delivery
L. rhamnosus GR-1 (1 x 10°) and Limosilactobacillus reuteriRC-14 ~ From 35 to 37 weeks of 110 Decreases the colonization rate of Group B [75]
1 x 10% gestation until delivery Streptococcus
Lactobacillus jensenii (4x10), Lactobacillus crispatus (2x10'9), 14 day-course 41 No effect on the colonization rate of Group B [76]
Lacticaseibacillus rhamnosus (2x1010), and Lactobacillus gasseri Streptococcus
(6x10%)
L. rhamnosus BMX54 (1 x 104) 6 month-course 117 Antiviral effect against HPV infection [80]
Ligilactobacillus salivarius S2 (1 x 10% From 27 to 32 weeks of 108 Decreases mastitis incidence as well as bacterial [81]

gestation until delivery

count if mastitis occurred

spp.) and variability between individuals, there exists a functional core
of redundant genes among the bacterial species reported. Such a com-
mon core of genes is known to depend on host-specific factors, physio-
logical states, host pathologies, lifestyle, and environment. Probiotics
added to such an environment were documented to enhance “normal
flora”, act as a “metabolic organ” that interacts with the human host and
performs many essential tasks to maintain a “normal” health condition
in the reproductive tract and during pregnancy. Probiotics could pro-
duce vitamins and amino acids, influence absorption, prevent patho-
genic colonization and assist in inflammation relief [85,86].

Significant discrepancies exist in the literature regarding the poten-
tial benefits of probiotics in pregnancy, mainly due to the heterogeneity
of RCTs regarding the strains of probiotics used, the dosage, duration of
use and route of administration.

Generally, benefits tend to be seen while using orally administered
probiotics containing lactobacilli species. It is suggested that oral
administration of 10°-10'' CFUs of lactobacilli is optimal for the
enhancement of vaginal health after passage through the intestine
[67,87-89]. However, the dosages used across studies using the same
strains of probiotics were different and thus not effectively comparable.
Indeed, larger, and more homogenous clinical trials and meta-analyses
need to be conducted in order to reach a more meaningful evidence-
based approach.

Current literature has catalogued probiotics to be generally safe and
conferring health benefits in various diseases [83]. Even when no ben-
efits were observed, probiotics compensated for less favorable behav-
iors, like parental smoking [90], and decreased allergy and depression.
However, probiotics were involved as causative agents of opportunistic
infections in select cases, especially in the presence of risk factors
including but not limited to immunocompromised state (chemotherapy,
steroid use, diabetes mellitus), cancer (most notably leukemia), struc-
tural heart diseases, chronic kidney disease, inflammatory bowel dis-
ease, and total parenteral nutrition [91-94]. Indeed, endocarditis,
bacteremia, pleuropneumonia, meningitis, and urinary tract infections
were all linked to lactobacilli [91]. Chorioamnionitis and postpartum
endometritis associated with probiotic use were also documented in the
literature [95]. Thus, caution should always be taken with immuno-
suppressed women and those suffering from debilitating diseases [83].

Conclusions

In conclusion, with bacteria being such a permanent population of
the reproductive tract, it is crucial that specialists recognize their exis-
tence, and consciously appreciate what role they might have in preg-
nancy. The use of probiotics during pregnancy will require thorough
documentation of the strain(s), mechanisms of action, product formu-
lation, appropriate dosage, and route of administration. More studies on
this topic are required to assess the safety or efficacy of taking probiotics
during pregnancy. However, interventions have scaled up to ultimately
present macro- and micronutrient deficiency to cover a wide range of
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reproductive health situations: pregnancy duration, birth weight and
enhancement of immune function and cognition in neonates. In brief,
probiotics, when appropriately administered, will impact a better health
status, an improved productivity and eventually less behavioral and
somatic problems in the mother and the fetus [42].
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