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Abstract

Preterm birth (PTB) has presented a major challenge since decades 
among the obstetricians. Many premature born individuals have 
learning disabilities, visual and hearing problems. Abnormal vaginal 
microbiota and bacterial vaginosis (BV) are important risk factors for 
PTB and premature rupture of the membranes. In women with BV, 
there is a dramatic reduction of Lactobacillus and heavy colonization 
of the pathogenic bacteria. Administration of Lactobacillus rhamno-
sus GR1 and Lactobacillus reuteri RC14 in pregnant women restores 
the normal vaginal flora and acidic pH and interrupts the infectious/
inflammatory process. Probiotics are preferred over tocolytic therapy 
to reduce the adverse maternal and fetal outcome.
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Introduction

Preterm birth (PTB) is one of the major challenges in modern 
obstetrics, and it is the leading cause of perinatal mortality, 
pediatric morbidity and disability [1]. An estimated 15 mil-
lion babies are born prematurely. Many survivors have life-
time disability, including learning disabilities and visual and 
hearing problems [2]. Although the etiology of PTB is multi-
factorial, infection or inflammation contributes to up to 30% 
of PTBs [3]. A meta-analysis involving 20,232 women has 
shown that the risk of PTB doubles in women with bacterial 
vaginosis (BV) at less than 37 weeks of gestational age [4]. 
Therefore, prevention of BV certainly is expected to reduce the 
incidence of PTB. In clinical practice, if PTB is encountered, 

the decision to prolong the gestation is taken if the benefit of 
tocolysis outweighs the risk associated with it. However, the 
onset of labor can only be delayed up to 72 h using tocolytic 
therapy. In addition, the routinely used tocolytics, such as β 
sympathomimetics, magnesium sulfate, and calcium channel 
blockers, are associated with adverse effects like arrhythmias, 
tachycardia and myocardial infarction and premature closure 
of ductus arteriosus and intraventricular hemorrhage in fetus 
[5]. Newer tocolytic, such as atosiban (oxytocin inhibitor), is 
known to have rapid onset of action. Although it delays labor 
by 48 h, it has adverse effects like hypotension, chest pain, 
and palpitations. Also the cost of atosiban precludes its use in 
developing countries [6]. In a recent meta-analysis, although 
tocolytics caused delay in delivery compared with placebo, to-
colytics did have maternal side effects without any clinically 
significant improvement in perinatal outcome [7]. Therefore, 
the newer strategy should aim at eliminating the etiological 
factors that cause PTB. Naturally, the top in the list will be a 
counter strategy against BV and prevention of recurrence. In 
this review article, we will discuss the usage of probiotic bac-
teria as an adjuvant in the management of BV and its clinical 
implication in prevention of PTB. The objective of this review 
article is to review the available scientific literature from the 
relevant clinical trials that assessed the efficacy and safety of 
probiotics in pregnant women with urogenital infection.

Vaginal Microbiota in Reproductive Years and 
Pregnancy

The composition of normal vaginal microbiota is complex 
and dynamic. Lactobacilli form the integral part of the vagi-
nal microbiota. The healthy human vagina is dominated by 
Lactobacilli during reproductive years and pregnancy due to 
rising estrogen levels [8, 9]. They help to maintain the pH of 
the vaginal tract and provide effective immunity to the host 
by producing lactic acid and hydrogen peroxide. Women who 
have hydrogen-peroxide-producing strains of Lactobacilli 
have 4% prevalence rate of BV compared with 32% in women 
colonized by non-hydrogen-peroxide-producing strains and 
56% in those without Lactobacilli [9]. Romero et al studied the 
composition and stability of the vaginal microbiota of normal 
pregnant women and found that the pathogens such as Prevo-
tella, Sneathia, and Gardnerella which are associated with BV 
were rarely found in women who delivered at term. Vaginal 
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microbiome was more stable in pregnant women compared 
to non-pregnant women and there was only shift from one 
Lactobacillus spp to another Lactobacillus spp in pregnancy 
[10]. Therefore for the best outcome during pregnancy, normal 
vaginal microbiome has to be maintained with predominant 
Lactobacilli.

BV and Preterm Delivery

BV is a polymicrobial dysbiosis that is characterized by an 
alteration in the endogenous vaginal microbiome. BV is char-
acterized by a reduction of beneficial Lactobacilli and heavy 
colonization of anerobic bacteria, including Gardnerella vagi-
nalis, Atopobium vaginae, Mobiluncus spp, Bacteroides spp 
and Prevotella spp [11]. These pathogenic bacteria in BV cause 
localized inflammation in the endometrium and make the in-
trauterine environment incompatible for embryo implantation 
and placental development. As mentioned earlier, BV is an 
important and independent risk factor for PTB [12]. Pathogens 
ascending through vagina and cervix to uterus release bacte-
rial proteolytic enzymes like phopholipase A2 and collagenase. 

This initiates the formation of arachidonic acid and increases 
the level of prostaglandins. Elevated prostaglandin levels induce 
collagen remodelling in the fetal membranes. This will eventu-
ally lead to uterine contraction and preterm labor [13] (Fig. 1).

Another mechanism by which BV increases the risk of 
PTB is through endotoxins secreted by pathogens, such as li-
popolysaccharides (LPSs). These endotoxins specifically bind 
to toll-like receptor 4 (TLR4) and activate the nuclear factor k 
light-chain-enhancer of activated B cells (NFkB) pathway to 
induce pro-inflammatory cytokine and chemokine in the in-
trauterine tissues. Pro-inflammatory cytokines like tumor ne-
crosis factor α (TNFα) and interleukin-1β (IL-1β) as well as 
IL-6 amplify the inflammatory response [14, 15]. They also 
stimulate prostaglandin production in the amnion. Prostaglan-
dins which normally initiate the onset of parturition promote 
premature labor triggered by an infection [16] (Fig. 1).

Once BV is diagnosed in pregnancy, antibiotics remain the 
treatment of choice, which is unchanged for many decades, 
and most of the times ineffective in preventing relapse. Met-
ronidazole and clindamycin are the most commonly used an-
tibiotics. Although they are effective in treating an episode of 
BV, they do not restore the endogenous Lactobacilli that can 
lead to relapse. Notably, prolonged uses of antibiotics promote 
the development of drug resistance [17], and, in some cases 
have increased the incidence of PTB [18]. Therefore in this 
era of multidrug-resistant bacteria, it is important to look for 
an alternative and effective method for the prevention of PTB.

Probiotics in PTB

Probiotics, particularly Lactobacilli, play a beneficial role 
in maintenance of healthy urinary and reproductive tracts. A 
number of clinical trials with probiotics have confirmed that 
probiotics are both safe and effective for the treatment and/
or prevention of numerous infectious and/or inflammatory dis-
eases in both pregnant and non-pregnant women. They also 
reduce the recurrence of BV by increasing the colonization of 
Lactobacilli in the vagina.

In a study by Bodean et al in 2013, it was reported that 
oral administration of Lactobacilli was found to be more effec-
tive in treating BV than vaginal route [19]. Orally 109 - 1010 
colony forming unit (CFU) is the standard dose believed to be 
required for passage through the intestine and to reach vagina 
and displace pathogens. Vaginal suppository containing 109 
CFU Lactobacilli has to be administered once weekly to treat 
and prevent urogenital tract infections [20]. After administra-
tion, colonization of Lactobacilli in the vagina is influenced 
by a number of factors like glycogen levels, use of antibiotics, 
ability of Lactobacilli to produce hydrogen per oxide and sub-
stances used for vaginal douching.

Choice of Lactobacilli Strain

The effect of Lactobacilli on the immune system and their 
vaginal colonization ability are species- and strain-specific. 
Among many strains of Lactobacilli, Lactobacillus rhamnosus 

Figure 1. Pathogenesis of preterm birth. In bacterial vaginosis, patho-
gens ascending through vagina and cervix to uterus release bacterial 
proteolytic enzymes like phopholipase A2 and collagenase. This initi-
ates the formation of arachidonic acid and increases the level of pros-
taglandins. Elevated prostaglandin levels induce collagen remodelling 
in the fetal membranes. This will eventually lead to uterine contraction 
and preterm labor.
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GR1 and Lactobacillus reuteri RC14 are found to have ex-
cellent colonizing capability and are the preferred Lactobacilli 
strain for the treatment of urogenital tract infections. Whereas 
some strains like Lactobacillus rhamnosus GG and Lactoba-
cillus acidophilus are not well suited to colonizing the vagina 
and also they do not produce H2O2, explaining why both these 
strains failed to prevent recurrence of urogenital infections. 
The strains Lactobacillus rhamnosus GR1 and Lactobacillus 
reuteri RC14 are granted “Qualified Presumption of Safety” 
status by the European Food and Safety Authority. They per-
sist up to 19 days in the human vagina following intravaginal 
administration. Both the strains survive at low pH [21]. They 
are highly adherent to uroepithelial and vaginal cells and thus 
prevent the adhesion of pathogenic bacteria. Both the strains 
are integral part of female genital tract and they are able to 
colonize in the vagina when administered orally. It may also 
help to prevent viruses, such as HIV, from infecting the host. 
The anti-inflammatory property of Lactobacilli is important in 
control of mucosal and systemic inflammation [22].

Lactobacilli produce bacteriocins, collagen binding pro-
teins and hydrogen per oxide, which are antagonistic to the 
endotoxins produced by the pathogenic bacteria and thereby 
inhibit growth and adhesion of urogenital pathogens [23]. Lac-
tobacilli maintain the vaginal pH < 4.5 by metabolizing glyco-
gen secreted by vaginal mucosal epithelia and producing lactic 
acid, which is a potent microbicide against potential urogenital 
pathogens [24]. Lactobacillus rhamnosus GR1 enhances IL-10 
and colony stimulating factor 3 (CSF3) productions in mouse 
macrophages. In primary human placental trophoblast cells, 
GR1 increases IL-10 and CSF3 production via Janus kinase/
signal transducers and activators of transcription (JAK/STAT) 
and mitogen-activated protein kinase (MAPK) pathways, and 
down-regulates LPS-induced TNFα output through c-Jun-N-
terminal kinases (JNKs) inhibition (Fig. 2).

Lactobacillus species have an immunomodulatory role in 
monocytic cell lines and human placental trophoblasts which 
promote an anti-inflammatory cytokine profile and increase 
chemokine production and therefore block the inflammatory 
cascade initiated by the pathogens in urogenital infections. 
Proinflammatory cytokines produced by pathogen also stimu-
late prostaglandin production in the amnion. This is blocked 
by Lactobacillus species that increase the expression of prosta-
glandin-metabolizing enzymes and reduce prostaglandin lev-
els [25]. Lactobacilli with the above possible mechanism help 
in preventing PTB by restoring the vaginal microbiota and by 
exerting antipathogenic properties (Fig. 2).

Discussion

A number of studies have proved Lactobacilli to have benefi-
cial perinatal outcome on prenatal administration. Donders et 
al’s study published in British Journal of Obstetrics and Gyne-
cology evaluated 759 pregnant women in their first trimester. 
Results of this study showed that only 1.35% of women with 
normal vaginal flora had a severe PTB whereas 8.5% of wom-
en with abnormal vaginal flora and 4.6% of women with BV 
had severe PTB (25 to 34 weeks). This study concluded that 
women with BV and abnormal vaginal flora are at a risk of pre-
term delivery and late miscarriage [26]. Similar observations 
were found in other studies which demonstrated a statistically 
significant association between an abnormal genital tract flora 
and adverse pregnancy outcome. Riduan et al showed that the 
detection of abnormal flora in early pregnancy has a greater 
risk of PTB [27]. Another study by Helen et al evaluated 996 
pregnant women and found that women with an increased risk 
for PTB have two types of abnormal vaginal flora, one consist-
ing of predominantly BV flora, and the other of aerobic micro-
organisms, such as Klebsiella and Escherichia coli [28]. These 
studies were well designed with a large sample size and the 
results prove significant relationship between abnormal vagi-
nal flora and its associated complications in pregnancy [26]. 
Therefore newer treatment strategy should be aimed at restor-
ing the abnormal vaginal flora to prevent PTB.

In a study conducted by Krauss-Silva et al, pregnant wom-
en attending public prenatal care services less than 20 weeks’ 
gestation with no indication of elective preterm delivery were 

Figure 2. Mechanism of action of Lactobacillus rhamnosus GR1 and 
Lactobacillus reuteri RC14+ in preventing preterm birth. Lactobacillus 
rhamnosus GR1 and Lactobacillus reuteri RC14+ enhance IL-10 and 
CSF3 production in human placental cells via JAK/STAT and MAPK 
pathways, and down-regulate LPS-induced TNFα output through JNK 
inhibition. Lactobacilli also increase the expression of prostaglandin-
metabolizing enzymes and reduce prostaglandin levels therefore 
preventing preterm birth. CSF3: colony stimulating factor 3; JNK: c-
Jun-N-terminal kinase; IL: interleukin; JAK/STAT: Janus kinase/signal 
transducers and activators of transcription; MAPK: mitogen-activated 
protein kinase; LPS: lipopolysaccharide; TNFα: tumor necrosis factor α.
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randomized to receive either placebo or probiotics (Lactoba-
cillus rhamnosus GR1 and Lactobacillus reuteri RC14), two 
capsules a day, each capsule containing more than one million 
bacilli of each strain, for 6 - 12 weeks, up to the 24th - 25th 
week of gestation. Rate of spontaneous preterm deliveries 
(sPTDs) < 34 weeks was estimated to be 6% in the placebo 
group and close to 3% in the intervention group (i.e. efficacy 
of probiotics in reduction of preterm labor was found to be 
50%). Lactobacilli induce apoptosis of pathogenic bacteria by 
competing against them to get nutrients (growth antagonism), 
vaginal niche colonization and maintaining vaginal pH by pro-
ducing lactic acid and H2O2 [29]. This study was well designed 
and the result of this study has been supported by Simhan et al, 
which showed that a woman with pH ≥ 5 was significantly as-
sociated with spontaneous PTB. Therefore it is imperative that 
the intervention for BV with probiotics should be as early as 
less than 20 weeks [30]. If probiotics are started earlier, there 
is possibility to have a clinically meaningful reduction of risk 
of preterm delivery by 50%.

In another study to examine the effect of probiotic and 
pregnancy outcome, Myhre et al included 18,888 pregnancies 
from a nationwide cohort. It was conducted at the Norwegian 
Institute of Public Health on the basis of answers to a food-fre-
quency questionnaire. Results of this study showed that among 
18,888 pregnancies, there were 950 cases of sPTD which was 
mostly seen in women who did not consume probiotics (70.2%) 
compared to women who had consumed probiotics (20.8%). 
This study concluded that intake of probiotics might be associ-
ated with reduced risk of PTB. Results fit to the general hy-
pothesis that probiotics function as a “rescue mechanism” by 
lowering overall inflammation in combination with providing 
a healthy vaginal microbiological environment. Successive re-
duction in sPTD may be achieved by targeting dietary health 
issues and evaluating intake of probiotics, with consideration of 
nutritional interventions early in pregnancy or pre-pregnancy. 
This prospective cohort study with large sample size has shown 
the dose-dependent effect of probiotics in reducing the risk of 
PTB. The results of this study implied that high intake of probi-
otics will have better effect than low intake [31].

Kaplas et al conducted a small double-blind, randomized 
controlled trial in pregnant women to study the effects of pro-
biotic supplementation on placental phospholipid fatty acids. 
Fatty acids which are incorporated into phospholipids will be 
utilized in the metabolism of intrinsic placental fatty acids to 
synthesize either longer-chain fatty acid derivatives or inflam-
matory modulators. Importantly, they also serve as a reservoir 
to satisfy fetal demands for growth and development [32]. Di-
etary counselling with probiotics (group 1) resulted in higher 
concentrations of linoleic (18:2n-6) and dihomo-c linolenic ac-
ids (20:3n-6) compared with dietary counselling with placebo 
(group 2) or controls (group 3). The pregnancies were uncom-
plicated and the infants were delivered at term; there were no 
reports of malformations (major or minor), miscarriages, low 
birth weight, or preterm delivery [33]. Although studies in this 
regard are less, a study by Kankaanpaa et al has shown that 
probiotic supplementation has resulted in changes in the fatty 
acid composition of infants’ serum phospholipids. The results 
of these studies show that the intake of probiotics can modify 
the content and composition of placental phospholipid fatty 

acids [34]. Hence probiotic administration in pregnancy has 
dual health benefit for both the mother and the fetus. Selvaraj 
K and Selvaraj P evaluated the benefits of probiotics in cases 
of bad obstetric history (BOH) and for prevention of post-in 
vitro fertilization (IVF) pregnancy complications. In this study, 
70 pregnant women in the study group were treated with pro-
biotics (i.e. Lactobacillus rhamnosus GR1 and Lactobacillus 
reuteri RC14) along with treatment for infertility, and were 
compared with similar number of 70 cases from control group 
who were not given probiotics but were treated for infertility 
earlier. In study group, 56 cases (80%) had successful delivery 
and 14 cases (20%) ended in fetal loss. Whereas in the control 
group 44 cases (63%) delivered, and 26 cases (37%) experi-
enced fetal loss. This study proves that probiotics used in se-
lected cases brings back the normal vaginal epithelium thereby 
increasing the resistance to pathogenic bacteria and preventing 
fetal loss especially in women with BOH and who is on treat-
ment for infertility [35].

An open-labelled randomized trial conducted by Neri et al 
consisted of 84 pregnant women with BV in their first trimes-
ter. At fourth and eighth weeks post treatment, the probiotic 
group had a significant reduction of BV in comparison to both 
the acetic acid and control groups. The authors concluded that 
the continuous correction of both the vaginal pH and Lactoba-
cillus spp flora was crucial for normal vaginal ecology, and was 
responsible for the high treatment response rate. During preg-
nancy, a local treatment that restores the vaginal flora without 
any systemic effects is more preferable to any other treatment 
[36]. Similar results were also seen in the study by Reid et al 
where Lactobacilli-dominant microbiota was restored in sub-
jects with BV but not in controls, following 2 months of daily 
oral intake of Lactobacillus rhamnosus GR1 and Lactobacillus 
fermentum RC14 [37]. In vitro antagonistic effect of Lactoba-
cillus on pathogens associated with BV and urogenital infec-
tions was seen in a study done by Strus et al [38].

Nishijima et al in their letter argued that the probiotics re-
duced the risk of genitourinary tract infections, more particu-
larly BV by 81%. In a review by Parma et al, authors are of 
the opinion that probiotic supplementation with Lactobacillus 
proved to be crucial in hindering bacteria growth after anti-
biotic therapy; therefore this intervention can be considered 
as a new adjuvant treatment for preventing recurrence of BV, 
even in high-risk patients [39, 40]. Another study by Ya et al 
has shown that administration of vaginal probiotics after met-
ronidazole therapy will increase the cure rate and reduce the 
number of patients suffering from BV recurrence [41]. Many 
other studies have also shown strong evidence between BV 
and PTB. Therefore it can be implied that reducing the risk of 
BV will also reduce the incidence of PTB.

An in vitro study done by Koscik et al focussed on the in-
fluence of Lactobacillus rhamnosus GR1 on proinflammatory 
cytokines and prostaglandins as they are activated during the 
cascade of infection or inflammation mediated preterm labor. 
Human amnion epithelial cells were treated with supernatant 
of cultured Lactobacillus rhamnosus GR1. Subsequent assay 
showed a decrease in proinflammatory cytokines and elevation 
of several chemokines and prostaglandin E2 by Lactobacillus 
rhamnosus GR1. This study concluded that administration of 
Lactobacillus GR1 is the most user friendly preventative ther-
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apy to prevent infection or inflammation mediated PTB. The 
major drawback of this in vitro study is that it may not be rep-
resentative of in vivo study because the effects of Lactobacil-
lus rhamnosus GR1 on cytokines and chemokines from intact 
membranes in vivo may not be accurately determined using the 
system of mixed amnion cell cultures used in this study. But 
this study will bring us a step closer in developing treatment 
for prevention of PTB and its complications [42].

A study was done by Yang et al in mice. The objective of 
this study was to assess the effect of Lactobacillus rhamnosus 
GR1 (GR1) and its supernatant (GR1 SN) on the prevention of 
LPS-induced PTB. Pregnant mice were pre-treated with intra-
peritoneal injections of GR1 SN or oral GR1 live bacteria prior 
to intrauterine injection of LPS. Inflammatory markers like cy-
tokines and chemokines in the maternal plasma, amniotic fluid 
and intrauterine tissues were measured. This doctoral thesis 
provided evidence that Lactobacillus rhamnosus GR1 SN is 
efficacious in reducing LPS-induced PTB and inflammation in 
pregnant mice [43].

A randomized double-blind, placebo-controlled trial was 
conducted by Rautava et al in pregnant women with allergic 
disease and atopic sensitization. They were randomly as-
signed to receive probiotics or placebo during last 2 months 
of pregnancy and initial 2 months of breast feeding. Infants 
were followed up to the age of 24 months. Eczema was seen 
in 71% of infants in placebo group and only 29% in probi-
otic group. Chronically persistent eczema was seen in 26% in 
placebo group and only 10% in probiotic group. This study 
has shown that supplementation of probiotics before and after 
pregnancy will safely reduce the risk of atopic disease in in-
fants born to women with atopic disease [44]. Probiotics are 
safe to be administered in pregnancy. Similar results were also 
seen in a meta-analysis done by Doege et al, which showed a 
significant risk reduction for atopic eczema in children aged 2 
- 7 years born to the mothers who had taken probiotics during 
pregnancy. Results were more significant for Lactobacilli [45]. 
Many studies have shown safety of probiotics in both mother 
and newborn when administered during pregnancy. A study 
conducted by Kopp et al assessed maternal and fetal safety of 
probiotics in pregnant women; Lactobacillus GG was given 4 - 
6 weeks before expected delivery, followed by a post-natal pe-
riod of 6 months. No significant difference in gestational age, 
birth weight, or method of delivery was found between the 
study group and the control group [17]. In another randomized 
trial by Huurre et al in 2008, pregnant women were exposed 
to Lactobacillus commencing from first trimester until the end 
of exclusive breast feeding. There were no malformations in 
the fetus, no significant differences in duration of gestation or 
incidences of cesarean sections. There were no adverse effects 
in breast-fed infants as probiotics are not systemically ab-
sorbed [46]. Nordqvist et al investigated the influence of tim-
ing of probiotics on the incidence of preeclampsia and preterm 
delivery. In the Norwegian Mother and Child Cohort Study 
70,149 singleton pregnant mothers were included. Among the 
participants, 23.3% women consumed probiotic milk contain-
ing Lactobacilli before pregnancy, 37.6% of women during 
early pregnancy and 32.2% of women during late pregnancy. 
Probiotic milk intake in late pregnancy was significantly as-
sociated with lower preeclampsia risk (adjusted OR: 0.80 

(95% CI 0.68 - 0.94), P value: 0.007). Probiotic intake during 
early pregnancy was significantly associated with lower risk 
of preterm delivery (adjusted OR: 0.79 (0.64 - 0.97), P value: 
0.03). In this large cohort, the study group has observed that 
Lactobacilli consumption in early and late pregnancy reduced 
the incidence of PTB and preeclampsia respectively. Hence, 
in clinical practice it is prudent to administer a course of Lac-
tobacilli before 20 weeks of pregnancy to prevent PTB and 
then administer once again in the third trimester to reduce the 
incidence of preeclampsia [47].

Lactobacilli can be administered both orally and intra-
vaginally. In a study by Bodean et al 2013, it was reported that 
oral administration of Lactobacilli was found to be more ef-
fective in treating BV than vaginal route. In this study, patients 
who received oral probiotics had a very low recurrence rate of 
BV compared to patients who received vaginal probiotics and 
also a low follow-up rate, due to route of administration, which 
these women have found to be uncomfortable [19]. Advantag-
es of oral route of administration of Lactobacilli are that it pre-
vents the ascending pathogens to vagina from perineum and 
rectum, while the concern of the intravaginal approach may 
be the more invasive instillation of microbes. Also compliance 
is better with oral route when compared to vaginal route. No 
adverse effects are reported in any of the above clinical trials.

Conclusions

Prevention of PTB is better than administering tocolytic agents 
to prolong gestation. There is growing evidence for the usage of 
probiotic to prevent PTB. Lactobacilli play a potential protec-
tive role in maintaining vaginal health by acting against patho-
gens and also by maintaining vaginal pH. It is well known that 
vaginal infection is an important mechanism responsible for 
PTB. Probiotics containing Lactobacillus rhamnosus GR1 and 
Lactobacillus reuteri RC14 have the potential to reduce the 
recurrence of vaginal infections and therefore the incidence of 
PTB by 50%. The available data in medical literature shows 
that Lactobacillus rhamnosus GR1 and Lactobacillus reuteri 
RC14 are beneficial and safe for use in pregnancy to prevent 
PTB, if administered at or before 20 weeks of gestational age. 
Reduction of preeclampsia is an additional benefit, if the pro-
biotic dose is repeated in the third trimester of pregnancy.
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