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Abstract: Spontaneous preterm birth is associated with vaginal microbial dysbiosis. As certain strains
of lactobacilli help restore homeostasis in non-pregnant women, the goal was to determine the effect of
Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 administered orally, twice daily for 12 weeks
on the vaginal microbiota, cytokines and chemokines of low-risk pregnant women. A double-blind,
placebo-controlled, randomized trial comparing probiotic lactobacilli to placebo daily was performed
in 86 asymptomatic pregnant women who had an Intermediate or Bacterial Vaginosis Nugent score at
13 weeks. After drop outs, 32 women receiving probiotics and 34 receiving placebo completed the
study. The Nugent score returned to normal in 30% of the women in both groups at 28 weeks and was
maintained until 35 weeks. The majority of subjects had normal pregnancy outcomes. Ninety-three
bacterial species were detected at 13 weeks, with Lactobacillus iners, Lactobacillus crispatus, Gardnerella
vaginalis and Atopobium vaginae being the most abundant across pregnancy. There was no difference in
the Shannon diversity index between the probiotic and placebo groups at 13, 28 or 35 weeks. Almost
all subjects consumed fermented foods and many of the organisms in the vagina are also known to be
present in fermented foods. Interleukin-4 in the placebo group and Interleukin-10 in both probiotic and
placebo groups increased slightly at 28 weeks but were not different at 35 weeks when compared to
13 weeks. In conclusion, this study showed no adverse issues resulting from 12 week use of probiotic
Lactobacillus strains GR-1 and RC-14 during pregnancy in women at low risk for premature birth.
The vaginal microbiota demonstrated flux irrespective of this oral probiotic administration.
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1. Introduction

Healthy human vaginal microbiota, characterized by the dominance of Lactobacillus spp., plays an
important role in reproductive health and disease. Lactobacilli prevent the overgrowth of pathogens by
various mechanisms [1]. Bacterial vaginosis (BV), an altered vaginal microbiota associated with preterm
birth (PTB), is characterized by a depletion of lactobacilli and an overgrowth of facultative anaerobic
bacteria [2-4]. The predominance of pro-inflammatory cytokines over anti-inflammatory cytokines is
associated with early onset of labor [5,6]. BV is associated with elevated vaginal concentrations of
pro-inflammatory cytokine interleukin (IL)-13 and chemokine IL-8, both of which are also elevated
in the amniotic fluid and cervical fluid of women with microbial invasion of the amniotic cavity and
preterm delivery [7,8].

A Gram stain-based Nugent’s score of 7-10 is widely used to indicate BV [9]. High throughput
sequencing techniques to characterize the human vaginal microbiota overcome the inability to grow
some microorganisms and the underestimation of vaginal diversity [10-12]. Several studies have
characterized the vaginal microbiota of healthy pregnant [13-15] and non-pregnant women [10,12,16,17]
using these methods.

Probiotics are defined as “live microorganisms which, when administered in adequate amounts,
confer a health benefit on the host” [18]. Probiotic lactobacilli can ameliorate BV and replenish lactobacilli
in the vagina of non-pregnant women [19,20], and reduce recurrence of urinary tract infections [21-23].
The rationale for selecting probiotic Lactobacillus rhamnosus GR-1 (GR-1) and Lactobacillus reuteri RC-14
(RC-14) was derived from a previous study in non-pregnant women, in which treatment with GR-1
and RC-14 (10° cfu) reduced BV occurrence and recurrence [24]. In addition, GR-1 supernatant possesses
anti-inflammatory properties in cultured human intrauterine tissues [25-27], mouse macrophages [28] and
can reduce inflammation-associated PTB in pregnant mice [29]. We hypothesized that oral administration
of GR-1 and RC-14 would present no safety issues and could positively influence the vaginal microbiota,
as well as dampen the vaginal concentration of pro-inflammatory cytokines and chemokines.

2. Materials and Methods

2.1. Study Participants

Pregnant women with no symptoms of vaginal infections were recruited at Mount Sinai Hospital
(MSH), Toronto, Canada. Subjects were over 18 years of age, prior to 17 weeks of gestation, had singleton
pregnancies and could provide informed consent. Subjects were excluded if they had multi-fetal
pregnancies, fetal complications, a history of previous PTB, second trimester loss, significant maternal
medical/surgical complications or HIV. The study was approved by the MSH Research Ethics Board
(Approval Number 08-0005-A) following the rules of the Declaration of Helsinki and was registered
with ClinicalTrials.gov (Number NCTO1697683).

As part of the Baseline Eligibility Assessment, information regarding pre-pregnancy weight and
height, ethnicity, mode of conception, folic acid intake prior to conception and during the pregnancy,
presence or absence of unprotected sex in the previous 4 days, obstetrical history, pre-existing medical
conditions, current medications, allergies, smoking, alcohol consumption and illicit drug use during
the pregnancy, vaginal and urinary tract infections, antibiotic use during the pregnancy and ingestion
of probiotics or fermented foods (yogurt) was obtained.

Vaginal Swabs were collected under direct visualization using a speculum. Dacron swabs were
placed in the posterior fornix or lateral vaginal wall for 10 seconds and then smeared on a glass slide
for Nugent scoring. Three additional Dacron swabs were collected using the same technique and
stored at -80 for future DNA, cytokine and chemokine analysis.
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2.2. Study Groups and Randomization

A total of 328 women between 12- and 16 weeks of gestation consented and were screened between
May and October for the presence of an intermediate (4-6) or high (7-10) Nugent score [9]. Eighty-six
women whose vaginal samples had a Nugent score > 4 (Figure 1) were randomized.

Screened (n=328)

13 weeks gestation Excluded (n=242)
Study * Had normal Nugent score
entry } "| * 2 women with high Nugent score
Randomized (a=86) declined to be randomized
Nugent score =4
Probiotics (n=43) 12 weeks of study Placebo (n=43)
GR-1 and RC-14 intervention or
5x10° viable cells placebo twice daily
by mouth
A J A 4
(n=38) Follow-up (n=38)
* 1 withdrawal 28 weeks * 5 lost to follow-up
* 4 lost to follow-up gestation
1 vy
(n=32) Follow-up (n=34)
* 4lost to follow-up 35 weeks * 4 non-compliant or
* 2 non-compliant or gestation insufficient samples
insufficient samples

Figure 1. Consort flow chart of pregnant women enrolled in the study.

A Z test was used to determine the sample size with alpha = 0.05 and power = 0.8, giving a
per-group sample size of 40 women to detect a difference between an asymptomatic Intermediate/BV
prevalence of 30% in the probiotic group and 60% in the placebo group at the end of treatment
protocol. This was increased to 43 in each group to compensate for 5% lost to follow-up. Subjects were
randomized using a web-based service to receive two identical looking capsules per day containing
either GR-1 and RC-14 or placebo given orally for 12 weeks. Vaginal swabs were collected at 13-, 28-
and 35 weeks of gestation and analyzed for Nugent score, cytokines, chemokines and microbiota.
Fourteen subjects were lost to follow-up or withdrew, 3 had taken less than 25% of the capsules, and
there was insufficient sample for analysis in 3 others. This left 32 subjects in the probiotic and 34 in the
placebo group with samples available for sequencing analysis and samples from 31 probiotic and 33
placebo subjects for cytokines and chemokine analysis.

2.3. Nugent Score

Vaginal swab smears were graded on a 10-point scale based on the presence or absence of various
bacterial morphotypes, including Lactobacillus spp., pathogenic Gardnerella vaginalis and Bacteroides spp.
A score of 0-3 represents a normal vaginal microbiota, with high abundance of Lactobacillus spp., a score
of 4-6 represents an Intermediate biota with higher proportions of non-Lactobacillus morphotypes
and a score of 7-10 represents BV, with depleted lactobacilli and a high abundance of pathogenic
morphotypes [9].

2.4. Probiotic Strains

Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 and placebo capsules (powder without
the organisms) were provided by Chr Hansen, Denmark. The freeze-dried organisms (2.5 X 10° of GR-1
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and 2.5 x 10° RC-14) were in gelatin capsules with a total of 180 mg of powder, including anhydrous
dextrose and potato starch fillers, microcrystalline cellulose binder and magnesium stearate lubricant.

2.5. DNA Isolation and Polymerase Chain Reaction (PCR) Amplification of V6 Region of 16S rDNA

Vaginal swabs were equilibrated in 800uL phosphate buffer saline (PBS) on ice and vortexed for 1
min. DNA was extracted with a Qiagen Stool Extraction Kit (Qiagen, Toronto, Canada), bacterial DNA
was amplified with barcoded primers targeting the V6 region of the 16S rDNA and PCR amplification
was performed with colorless GO-Taq hot start master mix (Promega, Canada) for 25 repeating cycles
of 95 °C, 55 °C and 72 °C for 1 minute each step. The amplified products were quantified using a QuBit
broad-range double-stranded DNA fluorometric quantitation reagent kit (Life technologies, Canada).
Samples were pooled at equal molar concentrations and purified using Wizard PCR Clean-Up Kits
(Promega, Canada).

2.6. Sequencing

Barcoded DNA was sequenced in pairs on a MiSeq Illumina platform. V6L and V6R primers
included a unique 12bp sequence tag to barcode each sample. The primers used were: V6L-5'-ACACT
CTTTCCCTACACGACGCTCTTCCGATCTN (12) CWACGC.

GARGAACCTTACC-3" and V6R-5'-CGGTCTCGGCATTCCTGCTGAACCGCTCTTCCG.

ATCN (12) ACRACACGAGCTGACGAC-3’, where the sequences prior to N (12) are the Illumina
MiSeq sequencing primers and the residues after denote the universal 16S rRNA gene primers.
The N (12) indicates 4 random nucleotides followed by 8mer barcodes, as described previously [4].
The sequence results were provided in fastq format. All sequences were filtered to remove reads with
indeterminate bases, overlapped, and a table of counts was generated for each sample containing
sequences grouped at 97% operational taxonomic unit (out) and 100% identical sequence unit identity,
as described previously [10]. The sequences were then classified to distinct taxonomic species using the
online Ribosomal Database Project (http://rdp.cme. msu.edu/seqmatch/seqmatch_intro.jsp). Sequences
not identical across all best matches were marked as unclassified.

2.7. Protein Extraction and Cytokine/Chemokine Multiplex Assay

Vaginal swab samples were equilibrated in Tris-HCI buffer (pH 7.5) with 150 mmol/L NaCl,
1 mmol/L phenylmethylsulfonyl fluoride (Sigma), 0.05% Tween-20 (Sigma) and a protease inhibitor
cocktail tablet (Roche) for 30 min at 4 °C and vortexed every 10 min. The swab was removed, and buffer
was centrifuged at 16,000x g for 15 min at 4 °C. Supernatant was stored at —80 °C in aliquots until
further analysis. IL-1 receptor antagonist (IL-1re), IL-13, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-12p70, IL-13, IL-15, IL-17, basic Fibroblast Growth Factor (bFGF), Colony Stimulating Factor (CSF) 2,
CSF3, Interferon (IFN)-y, CXCL10, CCL2, CCL3, CCL4, CCL5, CCL11, Platelet-Derived Growth Factor
(PDGF)-bb, Tumor Necrosis Factor (TNF)-« and Vascular Endothelial Growth Factor (VEGF) were
measured with a 27 human multiplex cytokine/chemokine kit (Biorad, Mississauga, Canada).

2.8. Statistical Analyses

Statistical Analysis employed Unpaired Student’s t-tests (two tailed), Chi-square test and Two-Way
Repeated Measure Analysis of Variance (ANOVA) followed by the Holm-Sidak method (SigmaStat,
version 3.5) where appropriate. Sequencing data were analyzed using a compositional data analysis
paradigm [30], coupled with Bayesian estimation of background frequencies. Briefly, read counts per
OTU were treated as probabilities of observation conditioned on the total sample read count [31,32].
The background frequency was modeled as coming from a Dirichlet distribution and the centered
ratio logarithm transformation was performed on the distribution [33,34]. Statistical analysis of the
sequencing data was carried out with the ALDEx2 package from Bioconductor using R (version
3.0.1). The Generalized Estimation Equation Model was used for data that did not follow the normal
distribution. Data were adjusted for false discovery rate using the Benjamini-Hochberg procedure and
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an adjusted p-value of p < 0.05 was considered statistically significant. Data were tested for normality
and equal variance and were expressed as mean values + standard deviation (SD). The Shannon
diversity index was calculated using standard protocols [35].

3. Results

3.1. Pre-Randomization Characteristics

As determined at 13 weeks, the mean age of subjects was 33.8 + 4.2 years and the mean
pre-pregnancy body mass index (BMI) was 22.5 + 3.2 for the probiotic group, which were not different
from the placebo group (age of 34.4 + 3.3 years and BMI of 22.4 + 3.1) (Table 1). Over 55% of the women
were Caucasian in both groups. Other ethnicities included South and East Asian, Black and Hispanic.

Forty of the 43 women (93%) in both the placebo and the probiotic groups had a natural conception
(Table 1). Seventeen pre-existing conditions were reported in 14 women in the probiotic group and 27
pre-existing conditions in 21 women in the placebo group. The majority of women (81.4% probiotic
group; 95.4% placebo) reported ingesting probiotic-containing food products (fermented foods) during
pregnancy (p > 0.05, Table 1).

Table 1. Characteristics of pregnant women randomized at 13 weeks of gestation. Comparison between
the probiotic group and the placebo group was performed with Student’s t-test or Chi-square (p > 0.05).

Baseline Characteristic Probiotic Group n =43 (%)  Placebo Group n = 43 (%)
Maternal Age (years) 33.8+4.2 344+33
Pre-pregnancy Body Mass Index 225+3.2 224 +3.1
Week of vaginal swab collection 132+1.1 133 +1.1
Ethnicity *
Caucasian 18 (56.3) 22 (64.8)
South Asian 2(6.2) 3(8.8)
East Asian 6 (18.8) 7 (20.6)
Black 2(6.2) 0
Hispanic 2(6.2) 2(6.2)
Mixed 1(3.1) 0
Other 1(3.1) 0
Mode of conception
Natural 40 (93) 40 (93)
Assisted 3(@) 3(7)
Ovulation induction 1 1
IVF 0 1
Intracystoplasmic sperm injection 0 1
Donor sperm 1 0
IUI 1 0
Pre-existing medical conditions 17 (39.5) 27 (62.8)
Depression/anxiety disorder 1 9
Endocrine disorders 5 3
Hematological 1 3
Musculoskeletal 2 3
Gastrointestinal 0 3
Cardiovascular 2 0
Genitourinary/Urinary/Gynecological 4 1
Respiratory 0 4
Others 2 1
Previous surgeries in past 10 years 16 (37.2) 34 (79)
Obstetrical/gynecological 12 23
Others 4 11
Current medications 16 (37.2) 22 (51.2)
Anti-nauseants 1 3
Vitamin D 1 1
Antidepressants 2 4
Natural supplements 5 2
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Table 1. Cont.

Baseline Characteristic Probiotic Group n =43 (%)  Placebo Group n =43 (%)

Thyroid medications 4 1

Analgesics 0 1

Iron supplements 1 3
Gastrointestinal medications 2 1

Asthma medications 0 5

Others 0 1

Fermented food ingested during pregnancy 35(81.4) 41 (95.4)

Natural supplement 2(4.7) 2(4.7)

* Ethnicity is based on 32 women in the placebo group and 34 women in the probiotic group. IVF—In vitro
fertilization; IUI—Intrauterine Insemination.

3.2. Pregnancy Outcomes

Pregnancy outcome data were available for 41 subjects in the probiotic group and 43 in the placebo
group. Antibiotics were taken by 14.6% of subjects in the probiotic group and 11.6% in the placebo
group for various indications (p > 0.05, Table 2). There was no significant difference in antibiotic
administration during labor (46.3% probiotic group, 37.2% placebo group). Labor was induced in
19.5% of subjects in the probiotic group and 80.5% had a vaginal delivery, similar to the placebo group.
There was no difference in the rate of Caesarian section between the two groups. Six of the eight
women in the probiotic group underwent Caesarian section in labor (emergency), whereas 7 of the 9
women underwent elective (pre-labor) Caesarian section. This was not statistically different. The mean
gestational age at delivery was the same in both groups (39.1 + 1.4 weeks in the probiotic group, 39.4
+ 0.9 weeks in placebo, Table 2). There was no difference in mean birth weight (3340 + 433.7 grams,
probiotic; 3351 + 463.5 grams, placebo). One infant in the placebo group had intrauterine growth
restriction (IUGR) based on published growth curves for Canadian newborns [36], and two infants in
the probiotic group were delivered at 34 weeks of gestation in association with preterm premature
rupture of membranes (PPROM). There was no difference in the fetal sex distribution or cord blood pH
between the two groups. No adverse reactions were reported with either probiotic or placebo intake.

Table 2. Comparison of pregnancy outcomes between the probiotic group (1 = 41) and the placebo
group (n = 43) was performed with Student’s t-test or Chi-square (p > 0.05).

Labour and Delivery Characteristics Probiotic Group n = 41 (%) Placebo Group n = 43 (%)
Antibiotics during pregnancy * 6 (14.6) 5(11.6)
Antibiotics during labor and delivery 19 (46.3) 16 (37.2)
Induction of labor 8 (19.5) 9 (20.9)
Mode of Delivery

Vaginal 33 (80.5) 34 (79.1)
Spontaneous 28/33 (84.9) 28/34 (82.4)
Assisted 5/33 (15.2) 6/34 (17.7)

C-section 8 (19.5) 9 (20.9)
Emergency 6/8 (75.0) 2/9 (22.2)
Elective 2/8 (25.0) 7/9 (77.8)

Gestational age at delivery (weeks) 391+14 394 +£09
Birth weight (g) 3340 +433.7 3351 +463.5
TUGR (<3rd percentile) 0 1(2.3)
Preterm birth (<37 weeks of gestation) 2(4.9) 0
Apgar score <7 at 5 minutes 1(24) 0
Fetal Sex

Male 19 (46.3) 24 (55.8)

Female 22 (53.7) 19 (44.2)
Cord blood pH 7.26 +0.07 7.26 +0.08

* Antibiotics included penicillin, teva-cloxacillin, erythromycin, amoxicillin, macrobid, clindamycin, biaxin, ciprofloxacin,
cephalexin and topical metronidazole. IUGR - intrauterine growth restriction
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3.3. Compliance

After treatment, there were on average 13 pills (7.7%) left in the bottles returned by subjects in the
probiotic group and 9 pills (5.4%) in the placebo group. Twenty-six of the 32 subjects in the probiotic
group (81.2 %) and 29 of the 34 in the placebo group (85.3%) had taken over 75% of the total pills
(168 pills) (p > 0.05). The remaining women had taken over 50% of the total pills. Three women had
taken less than 25% of the total pills and were excluded from the analyses.

3.4. Vaginal Microbiota

One aim of this trial was to determine if oral probiotic intake changed the vaginal microbiota,
assessed by Nugent Gram stain scoring and high throughput sequencing. There were 11 out of 32
women (34.4%) in the probiotic group and 11 out of 34 (32.3%) in the placebo group, with normal
Nugent score at both 28 weeks (p > 0.05) and 35 weeks (p > 0.05).

Ninety-three bacterial species were detected by sequencing at 13 weeks with Lactobacillus iners,
Lactobacillus crispatus, Gardnerella vaginalis and Atopobium vaginae being the most abundant across
pregnancy. Thirty of sixty-six women had a single dominant (>40% of their microbiota) bacterial
species (A. vaginae, n = 4; L. jensenii, n = 1; L. iners, n = 12, L. crispatus, n = 9 and G. vaginalis, n = 4) at
13 weeks (Figure 2). The microbiota of pregnant women with an intermediate Nugent score (n = 42)
and those with a BV Nugent score (n = 24) at the time of study entry were not different between these
groups (p > 0.5) and their results were pooled for all subsequent analyses (Figure 3).
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Figure 2. Vaginal microbiota clustered by bacterial similarity in pregnant women prior to treatment,
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at 13 weeks of gestation (n = 66). Each bar represents the vaginal microbiota of a single woman and
corresponds to the participant identification (ID) number labeled in the dendogram, clustered using
average linkage cluster analysis. Species found in >1% abundance are represented by a unique color.
Species with <1% abundance in the sample are pooled into a single fraction at the top of the bar in grey
color. Women who have a single bacterial species which dominated more than 40% of their vaginal
microbiota are identified with a color dot below their identification number that corresponds to the
dominant species (Dark green, Atopobium vaginae, n = 4; Very light blue, Lactobacillus (L.) jensenii, n = 1;
blue, L. iners, n = 12; light blue, L. crispatus, n = 9 and red, Gardnerella vaginalis, n = 4). Black rectangles
are used to denote women with a bacterial vaginosis (BV) Nugent score, and white rectangles are used
to identify women with an Intermediate Nugent score.
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an Intermediate (n = 42) Nugent score prior to treatment, at 13 weeks of gestation. Each bar represents
the vaginal microbiota of one woman and corresponds to the identification number labeled in the
dendogram, clustered using average linkage cluster analysis. A unique color is used to represent
species found in >1% abundance. Species with <1% abundance are pooled into a fraction at the top in
grey color.

The microbiota of subjects who received placebo was similar to those receiving probiotics at the
end of the 12-week treatment and also at 35 weeks gestation (Figure 4, Tables 3 and 4).

There was no difference in the microbiota between the placebo and probiotic groups when data
were grouped by ethnicity, pre-pregnancy BMI or when women whose microbiota were dominated
by Lactobacillus spp. were excluded. The relative mean abundance of 12 species including L. iners, L.
acidophilus, G. vaginalis and A. vaginae decreased at 28 weeks and/or 35 weeks of gestation in the placebo
group and/or the probiotic group, compared to 13 weeks of gestation (Table 3). In contrast, the relative
mean abundance of nine species increased across pregnancy (Table 4). There was no difference in the
Shannon diversity index between the probiotic and placebo groups at 13, 28 or 35 weeks (Figure 5).
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Figure 4. Vaginal microbiota across pregnancy clustered by bacteria similarity in pregnant women who
received either placebo (1 = 34) or probiotic (1 = 32) treatment. Y Axis = Microbiota Fraction. Each
bar represents the vaginal microbiota of a single woman and corresponds to the identification number
labeled in the dendogram, clustered using average linkage cluster analysis. Species found in >1%
abundance are represented by a unique color and species that have <1% abundance are pooled into a
single fraction at the top of the bar in grey color. Women were aligned in the same vertical column
at 13, 28 and 35 weeks of gestation. Women who have undergone preterm birth (PTB) (1 = 2) in the
probiotic group are denoted with white squares. There was no effect due to BV or Intermediate status.
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Figure 5. Shannon diversity index (SDI) across gestation in pregnant women who received either
placebo or probiotic treatment. Results are mean values + standard deviation (SD) and are expressed in
ratios. Comparisons between the probiotic (n = 32) and placebo (n = 34) groups at 13, 28 and 35 weeks
of gestation were assessed with Two-Way Repeated Measure Analysis of Variance (ANOVA) followed
by the Holm-Sidak post hoc test (p > 0.05).
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Table 3. The relative to mean abundance of vaginal bacteria species that decreased across gestation in pregnant women treated with placebo or probiotics.

Placebo Group Probiotic Group

Species 13 Weeks 28 Weeks 35 Weeks 13 Weeks 28 Weeks 35 Weeks p-Value

Lactobacillus iners 107 +27%  105+25%  10.1+25Y 9.8 +212 9.8+252 95+242 0.006
Gardnerella vaginalis 103 +242  10.0£22% 93+24" 105 +2.42 9.9 +24b 9.6+25P <0.002

Atopobium vaginae 9.4+22% 93+22% 8822V 9.0+2.32 8.6+24b 8.7 +2.42b 0.002
Lactobacillus acidophilus 6.6+26% 57 +27Y 53+27¢ 6.8+£252 6.4+£24° 64+242 <0.006
Atopobium rimae 28+227 23+23% 1.6 £2.3Y 25+232 1.9 +2.0P 1.7 £2.6P <0.002
Bacillus cereus 28+25% 1.6 £2.4b¢ 1.9+22¢ 25+292 1.5+29b 1.7 £29P <0.001
Lactobacillaceae bacterium 1.6 +32% -07+14%  -13+15¢ -02+252 -12+16b  -14x12P <0.008
Escherichia coli 12+1.8% -07+17%  —02+21V 1.3+252 -04+21° 0.0+£19P <0.002
Desulfotomaculum halophilum 1.4 +2.6% 04+26Y -08+24¢ 05+252 -09+21b  -11+23Pb <0.002
Streptococcus thermophiles -03+23%  24+13Y" 24+16Y 02+232 -17+162% -23+162 <0.006
Erythrobacter flavus ~17+249 —30+11Y  -31+14Y 14262 26+17° —29+16P <0.006
Prevotella denticola -25+08% —28+18% -34+10P 224108 —27+123P _31x11P <0.003

Results are mean values + SD and are expressed in centered logarithm transformed ratios. Comparisons between the placebo (n = 34) and probiotic (n = 32) groups at 13, 28 and 35 weeks
of gestation were assessed using the Generalized Estimation Equation model in R. Statistical significance within the placebo group (a’, b” and ¢’) and within the probiotic group (a, b and c)
is denoted with different letters (p < 0.05).

Table 4. The relative to mean abundance of vaginal bacterial species that increased across gestation in pregnant women treated with placebo or probiotics.

Placebo Group Probiotic Group
Species 13 Weeks 28 Weeks 35 Weeks 13 Weeks 28 Weeks 35 Weeks p-Value
Corynebacterium pseudogenitalium ~ —09+15%  04+1.6 1.0+18¢ -11+1.82 1.0+24° 1.0+17° <0.002
Facklamia hominis -16+£10% -14+14% —08+18Y -18x11* —09+16P -1.0+16° <0.004
Corynebacterium amycolatum -19+09% -11+15Y -05+18Y -16+1.0% -07+17P -03+11P <0.008
Clostridiales coagulans -1.8+09%  -1.0+17Y  -03+20¢ -19+10% -13+18P -13+17P <0.003
Varibaculum cambriense -1.7+£1.0%  -04+18Y  00+17Y -1.6+13%  -07+15°> -05+18P <0.005
Campylobacter ureolyticus -20+09% -1.8+17"Y ~11+15Y -16+16? -16+16? -14+21° <0.004
Corynebacterium coyleae —22+14% -11+24Y _—14+24% 21+11% -17x16° -17+15°P <0.002
Prevotella disiens -09+15%  04+16" 1.0+ 18" -1.1+18% 1.0+242 1.0+1.72 <0.003
Cryptobacterium curtum -1.6+1.0% -14+14% -08+18Y -18+112% -09+162 -1.0x16P <0.005

Results are mean values + SD and are expressed in centered logarithm transformed ratios. Comparisons between the placebo (1 = 34) and probiotic (n = 32) groups at 13, 28 and 35 weeks
of gestation were assessed using the Generalized Estimation Equation model in R. Statistical significance within the probiotic group (a’, b’ and ¢’) and within the placebo group (a, b and c)
is denoted with different letters (p < 0.05).
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Lactobacillus rhamnosus was detected in the vagina of 98% of the women (65 out of 66 women)
at 13 weeks of gestation, and its abundance did not change with probiotic treatment. Two women
in the probiotic group delivered at 34 weeks of gestation in association with PPROM. In one, the
vaginal microbiota was dominated by L. jensenii, and following probiotic treatment, her biota became
more heterogeneous, with increased abundance of L. gasseri, G. vaginalis and Prevotella bivia. The other
woman initially had a heterogenous vaginal microbiota, and with probiotic treatment, L. crispatus
dominated her microbiota (Figure 4).

3.5. Cytokines/Chemokines

The concentrations of cytokines and chemokines at the time of study entry were not different
between pregnant women diagnosed with an Intermediate or BV Nugent score. Therefore, these
data were combined in subsequent analyses. The concentration of cytokines and chemokines were
not different between placebo (1 = 33) and probiotic-treated (n = 31) women at 13, 28 or 35 weeks of

gestation (p > 0.05, Table 5).

Table 5. Cervico-vaginal cytokines and chemokines across gestation in pregnant women who received

either placebo or probiotic treatment.

Placebo Group (1 = 33)

Probiotic Group (n = 31)

13 Weeks 28 Weeks 35 Weeks 13 Weeks 28 Weeks 35 Weeks
IL-1J3 121.3 + 186.6 ¥ 80.7 +171.6 % 722 +166.82 199.7 + 404.22 66.4 +143.32 823 +113.22
IL-2 0.6+07% 0.6+0.6% 04+052 04+062 12+282 0.6+0.62
IL-4 0.6+04% 0.8+04"Y 0.7 £ 0.4 0.8+042 1.3+1.22 0.7+042
IL-5 03+03% 04+05% 04+03% 0.6+122 1.1+£212 05+032
IL-6 151 +305 4156 34+50% 36.0 +71.12 63+1072 53+8.0°2
IL-7 56.0 +121.4 % 34.6+33.7% 299 +37.1% 55.4 +117.52 90.4 +269.42 29.3 +36.22
IL-8 14539 +£2230.1%° 11558 £2716.02°  604.4+985.1%  2068.0 +465822  4182+44262  855.0 + 125852
IL-9 79+162% 46+41% 45+67% 6.4+1212 16.5 +57.32 38+382
IL-10 844297 10.0 + 2.7’ 9.0 £3.627 84+322 11.0 +4.6° 99 +242b
IL-12p70 57.8 +89.8% 55.0 +47.0% 446 +381% 503 +72.72 90.0 +217.52 414+2212
IL-13 47 +88% 344217 33+3.0% 51+9.82 9.7+27.82 31+282
IL-15 1.0+1.1% 13+15% 0.8+09% 1.0+1.02 1.6+1.6%2 0.8+092
IL-17 43+27% 50£26% 37+18% 43+£262 774712 38+182
CCL2 107 +17.4% 84+437% 68+46% 10.6 + 13.32 11.6 £ 1022 95+852
CCL3 19+15% 15+1.0% 1.6+18% 37+6.12 1.7+£142 1.6+092
CCL4 9.1+95% 5.6+8.8% 50+13.4% 21.1+488°2 3.8+332 6.3+7.62
CCL5 32.8 +134.4° 38+15%. 29+14% 10.0 +33.82 44+312 33+152
CCL11 11.2+19.4% 14.6 +36.7 724967 6.6+11.82 24.8 +78.12 11.0+12.72
CSF2 15.1+13.2% 121+7.0% 94+71% 13.0+12.02 21.9 +45.62 92+642
CSF3 1319 +156.2 58.1 + 129.8 @b’ 442 +81.1Y 204.6 + 253.5 2 60.5 +109.5P 734 +122.02
CXCL10 13465 +3779.0%  639.9 +762.5% 309.7 £354.0% 5127 +106492  682.6+1371.7%  581.2 +866.22
TNF-a 31.4+553% 33.1+41.7% 247 +30.2% 31.6 £30.62 56.8 + 84.72 31.6 £27.92
IFN-Y 49.0+459% 73.5 + 46.4 % 62.0 £55.1% 80.4 + 68.42 127.4 £110.92 67.3 £54.42
PDGF-bb 744 +133.1% 45.6 +60.0 % 332+41.6% 64.7 +136.22 90.8 +249.4 2 31.6 +34.52
bFGF 51+7.0% 42425 3.6+25 44+30° 69+1252 34+132
VEGF  2982.6 +4491.4%  3666.5+4247.7%  3541.9 +4860.3%  3883.9 + 8847.3%  2856.4 +2362.82 2623.1 +2070.7

Results are mean values + SD and are expressed in picogram per milliliter. Statistical significance within the placebo
group (a’, b’ and ¢’) and within the probiotic group (a, b and c) is denoted with different letters (p < 0.05). IL =
interleukin; CCL = chemokine (C-C motif); CSF = colony stimulating factor; CXCL = C-X-C motif chemokine; TNF
= tumor necrosis factor; IFN = interferon; PDGF = recombinant human platelet derived growth factor; bFGF = basic
fibroblast growth factor; VEGF = vascular endothelial growth factor.
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Overall, the cervico-vaginal cytokines and chemokines showed considerable variation across the
collection times. The concentrations of the anti-inflammatory cytokines IL-4 in the placebo group and
IL-10 in both probiotic and placebo groups increased slightly at 28 weeks of gestation, but were not
different at 35 weeks of gestation, when compared to 13 weeks (p < 0.05, Figure 6). CSF3 decreased at
28 weeks in the probiotic group and at 35 weeks of gestation in the placebo group, when compared to
13 weeks (p < 0.05, Figure 6). Levels of the remaining pro-inflammatory cytokines, anti-inflammatory
cytokines, chemokines and growth/hematopoietic factors did not change throughout pregnancy
(p > 0.05, Table 5). Concentrations of IL-2, IL-5, IL-15 and IL-1ra were outside the detection limit.
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Figure 6. Concentrations of cervico-vaginal cytokines IL-4, IL-10 and CSF3 across gestation in pregnant
women who received either placebo or probiotic treatment. Results are mean values + SD and are
expressed in picogram per milliliter. Comparison between the placebo group (1 = 33) and the probiotic
group (n = 31) was assessed with the Generalized Estimation Equation model in R. * = p < 0.05.

4. Discussion

This study showed that 12-week oral administration of probiotic Lactobacillus strains GR-1 and
RC-14 is safe for use during low-risk pregnancy. The rate of preterm labor was too low to determine
whether probiotic therapy had an impact, similar to a previous large study [37].

The Nugent scoring system indicated that the subjects had either BV or an Intermediate status, yet
lactobacilli dominated the vagina in more than one third of them at 13 weeks of gestation. This indicates
the unreliability of the Nugent scoring system for diagnosis [4]. A DNA level of >10° copies/mL for
G. vaginalis and >10® copies/mL for A. vaginae has a 95% sensitivity and positive predictive value, and
99% specificity and negative predictive value for the diagnosis of BV, much higher than the Nugent
score [38]. Of note, there was no difference in pregnancy outcomes between women who had an
Intermediate Nugent score at 13 weeks when compared to those with BV.

The probiotic dosage was based upon studies in non-pregnant women [24]. We now know that
pregnant women have a higher abundance of Lactobacillus spp. including L. crispatus, L. gasseri and
L. jensenii, and a more resilient microbiota than non-pregnant women [13,15]. Thus, the finding that the
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three months of probiotic therapy did not alter the microbiota may reflect too low a dose, or an inability
to displace indigenous lactobacilli [39,40]. Of note, as metabolomics were not performed, we cannot
state whether the microbiota function was altered or not as a result of the probiotic administration.

The high prevalence of L. rhamnosus as a vaginal commensal was unexpected as this species is not
one of the five (L. crispatus, L. iners, L. gasseri, L. jensenii and L. reuteri or L. vaginalis, depending on the
country) detected in most microbiota studies of healthy women [41-43]. This may have been a result
of the subjects ingesting fermented foods during the study. Presence of these strains may have been a
barrier to L. rhamnosus GR-1 persistence given the point made above that probiotic lactobacilli do not
persist if the same species is already present in the indigenous microbiota [39].

An interesting finding was the high incidence of consumption of fermented foods. This led to the
suggestion that it may have resulted in more L. rhamnosus being present in the vagina. Many of the
genera identified can be found in fermented foods [44—47], raising the possibility that consumption of
these foods may provide bacteria that are beneficial to vaginal health during pregnancy.

The elasticity of the vaginal microbiota, in agreement with a previous study [14], was observed
by a decline in A. vaginae, A. rimae and G. vaginalis. In contrast to studies that target the V1-V3 [14]
and V3-V4 [12,48] regions of the 165 rDNA, we did not observe a change in the relative abundance of
Gemella and Sneathia sanguinegens, nor did we detect Eggerthella spp., Parvimonas micra, BV-associated
bacteria 1 (BVAB1), BVAB2 or Ureaplasma parvum. The use of primers that targeted the V6 region in
this study may have under-estimated the presence of these bacteria [10,11]. Using sequencing primers
that target the cpn60 gene, it is possible to measure the abundance of Mollicutes in non-pregnant
women [16] as well as in pregnant women, during which the prevalence of Mollicutes appears to be
lower [49]. The relative abundance of L. iners and L. acidophilus across gestation decreased in this study,
in contrast to a report finding an increase in several Lactobacillus spp. (L. crispatus, L. jensenii, L. gasseri
and L. vaginalis) with advancing gestational age in healthy women [14]. The absence of Sneathia amnii
in both groups was notable given the recent suggestion that it is associated with preterm birth [50].

Previous studies in term-cultured human intra-uterine tissues and in pregnant mice, demonstrated
that L. rhamnosus GR-1 supernatant possesses anti-inflammatory properties [25-27,29]. As the current
subjects did not have an underlying state of inflammation, no anti-inflammatory induction was
necessary. The use of probiotics administered intravaginally, including the GR-1 and RC-14 strains,
may be more likely to influence the microbiota as well as the inflammatory status [51,52]. Nevertheless,
there was a shift towards an anti-inflammatory environment across gestation, as was made evident by
an increase in vaginal IL-4 and IL-10 concentrations at 28 weeks, which were in a comparable range
with previous studies [53,54]. CSF3, which is important in placentation and neutrophil progenitor
proliferation, differentiation and survival, decreased with advancing gestational age. CSF3 possesses
anti-inflammatory properties in cultured human placental trophoblast cells [26]. However, elevated
maternal CSF3 concentrations have also been associated with spontaneous PIB in humans [55].

In conclusion, this study showed that oral probiotic treatment with probiotic GR-1 and RC-14
did not result in adverse outcomes, in agreement with other studies [37,56]. The characteristics
of Lactobacillus rhamnosus GR-1 determined in vitro that predicted an ability to alter the vaginal
environment of pregnant women via oral administration, did not translate to humans when the
organism was administered orally with L. reuteri RC-14. That said, many women delivered normally
which suggests that the probiotic was not essential for health in women consuming fermented
foods, and the cohort was not devoid of lactobacilli or at risk of preterm labor. Future studies of
probiotics should include women at risk of preterm delivery, administer a higher lactobacilli oral dose
or use intravaginal instillation and more closely examine fermented food products and regularity
of consumption.
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