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Objective: To investigate the clinical effects of a 10-strain probiotic on parameters of
vaginal health in a pilot, open label study in women with intermediate Nugent score (NS)
or vaginal pH >4.5.

Methodology: A total of 43 healthy premenopausal women, ages 18 to 50 years, with NS
of 4-6 or vaginal pH >4.5 were enrolled. Participants consumed a probiotic formulation
(Feminine Support™), containing 8 lactobacilli and 2 bifidobacteria strains, with a daily dose
0f 2.5x10'° CFU for 28 (subgroup 1) or 42 (subgroup 2) days. Investigational visits occurred
at day 0, 14, 28 and 42 with assessment of vaginal pH, NS and vaginal microbiota, via next-
generation sequencing.

Results: A total of 36 participants were included in the analysis set, with 24 and 12
participants included in subgroups 1 and 2, respectively. In the analysis set, there was
a significant reduction in vaginal pH, from baseline, at day 28 (mean change=—0.19, P =
0.047). Participants in subgroup 1 achieved a significant reduction in vaginal pH from
baseline, at day 28 (mean change=—0.23, P = 0.029) and day 42 (mean change=—0.29, P =
0.008), while participants in subgroup 2 achieved a significant and quantitatively greater
reduction in vaginal pH from baseline to day 42 (mean change=—0.64, P = 0.008). No
significant changes in NS were reported, due in part to highly diverse baseline levels. Vaginal
microbial abundance exhibited a majority lactobacilli abundance at baseline, which was
maintained over the study period. Vaginal pH was inversely associated with lactobacilli
abundance throughout the study (P < 0.005). The product was well tolerated with high
compliance. Two participants reported adverse events with suspected causality, which were
mild and resolved during the study.

Conclusion: This 10-strain probiotic formulation was well tolerated and helped reduce
vaginal pH in women with intermediate NS or elevated vaginal pH. The study product
warrants a randomized controlled trial to further assess efficacy.
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Introduction

The human vaginal microbiome is unique among body sites, generally dominated by
few bacterial species and characterized by low alpha diversity and high interindividual
variability." The vaginal microbiome is dynamic and influenced by different factors,
including the phase of the menstrual cycle, use of contraceptives, douching, pregnancy,
use of antibiotics, frequency of sexual intercourse and age.” > In most healthy women,
the vaginal microbiome is primarily dominated by lactobacilli, however, a proportion
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of asymptomatic, otherwise healthy individuals lack lactoba-
cilli in appreciable numbers.® Lactobacilli are believed to
preserve a healthy microbiota through various mechanisms.
First, they generate lactic acid from the fermentation of
glycogen produced by the vaginal mucosa, which plays an
important role in protection against microbes due to reduc-
tion in vaginal pH.?> Additionally, lactobacilli produce hydro-
gen peroxide and antimicrobial peptides (bacteriocins),
preferentially adhere to vaginal wall cells and in some
cases produce biosurfactants that prevent or attenuate the
adherence of pathogens.>®’

Vaginal microbiota dysbiosis, characterized by the loss
of lactobacilli dominance and increase of microbial diver-
sity, is closely related to gynecological diseases.® Among
these, bacterial vaginosis (BV) is associated with an exces-
sive growth of diverse, predominantly anaerobic bacteria
including Gardnerella, Prevotella, Atopobium,
Mobiluncus, and Sneathia,” as well as a decrease in lactic
acid and hydrogen peroxide concentration resulting in an
increase in vaginal pH.'® BV is often diagnosed by a gram-
stain based Nugent score (NS) of 7-10,'" as well as via
Amsel’s criteria, point—of-care,12 and more recently, mole-
cular tests."* An intermediate NS of 4-6, while not BV,
has been shown to be associated with increased vaginal
epithelial exfoliation,'* and incident trichomonal, gono-
coccal, and/or chlamydial infection.'> BV is often treated
with antibiotics such as clindamycin, metronidazole or
however various antibiotic

dequalinium  chloride,

treatments have been shown to also negatively impact

the normal vaginal microbiota,'® '8

and may increase the
risk of antimicrobial drug resistance.'” Therefore, alterna-
tive and more effective treatments are needed to restore the
vaginal microbiota.*®’

Probiotics are “live microorganisms that, when admi-
nistered in adequate amounts, confer a health benefit on
the host”.?° Health benefits have been demonstrated with
a variety of genera including lactobacilli, recently re-
into 25 Bifidobacterium,

Saccharomyces, Streptococcus and Bacillus.** Several lac-

classified genera,”'
tobacilli species have been identified as dominant or com-
mon members of the healthy vaginal tract, and may exhibit
beneficial effects on the vaginal microbiome.”® Clinical
of L.
L. fermentum, L. plantarum, L. gasseri, L. acidophilus,

trials have included subgroups rhamnosus,
L. reuteri, L. casei and L. paracasei.**® The expectation
for oral administration of probiotics to benefit the vaginal
microbiome originates from the hypothesis of bacterial

migration from the colon to the vagina as a source of

both beneficial and pathogenic organisms.***° A balance
of lactobacilli and non-lactobacilli (eg bifidobacteria) spe-
cies offers protection against an overgrowth of opportunis-
tic pathogens, and a meta-analysis suggests that oral
supplementation with specific strains may reduce the pre-
sence of vaginal pathogens or help restore a dysbiotic
microbiota.”?

The present study is unique in its assessment of a 10-
strain probiotic formulation, consisting of lactobacilli and
bifidobacteria species, in premenopausal women with
intermediate NS or elevated vaginal pH. The formulation
contains species that are dominant or common members
of the healthy vaginal tract, including L. crispatus,
L. gasseri, L. acidophilus, L. rhamnosus, L. plantarum,
L. brevis, L. reuteri, L. paracasei, B. longum subsp.
longum and B. animalis subsp. lactis. Further, specific
strains included in the formulation have previously been
shown to exhibit microbiota and immune modulatory

31,32 33-35

roles pre-clinically and clinically, as well as inhi-

bitory activity against extra-intestinal pathogenic
E. coli*® The product was administered in oral capsules
as a dietary supplement. In summary, this pilot study was
conducted to investigate the effects and tolerability of
a 10-strain probiotic formulation on parameters of vaginal
health in women with an intermediate NS or elevated

vaginal pH.

Methodology
Study Population

Healthy premenopausal cisgender women aged 18 to 50
years, with an intermediate NS (4-6) or vaginal pH >4.5
were enrolled in the study. Participants were non-smokers,
had a body mass index (BMI) of 18.5 to 34.9 kg/m” and
discontinued use of probiotic supplements and probiotic or
prebiotic foods from screening onwards. Participants were
instructed to maintain current level of physical activity and
dietary habits throughout the study period.

Exclusion criteria consisted of pregnancy, lactation,
irregular menstrual cycles or use of an intrauterine device,
hormonal therapy (other than birth control) or douching
devices. Additional exclusion criteria, as assessed by the
research physician, included presence of systemic disease
or immunodeficiencies, history of abdominal/gastrointest-
inal surgery or cancer and presence or recent history of
alcohol or drug abuse. The use of antibiotics or prescrip-
tion drugs, other than birth control, were prohibited within
2 or 1 month of screening, respectively. Participants
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provided their voluntary, written, informed consent prior
to any study-related activities.

Study Design
The study was conducted in accordance with the consen-
sus ethical principles derived from international guidelines
including the Declaration of Helsinki and Council for
Organizations of Medical Sciences
(CIOMS) International Ethical Guidelines. Study conduct
was in full accordance with the study protocol, applicable
International Conference on Harmonisation - Good
Clinical Practices (ICH-GCP) guidelines and applicable
laws and regulations.

The study was conducted by Nutrasource (Guelph, ON,
Canada), with participants screened and enrolled at Altus
Research (Lake Worth, FL, USA). The protocol, informed

consent form, investigator brochure and other relevant docu-

International

ments were approved by Quorum Review IRB before the
study was initiated. The trial was prospectively registered on
clinicaltrials.gov under study number NCT03543982 and
was conducted according to the CONSORT 2010 Statement.

The study design was a pilot, open-label efficacy study
with 5 investigational visits, including screening and 4 sub-
sequent visits over 42 days, as shown in Figure 1. At the
screening visit, the overall details of the study were
explained, informed consent and medical history were
obtained, and inclusion criteria was assessed. Additionally,
a urine pregnancy test was performed, vitals were measured,
and blood was assessed for routine chemistry and hematol-
ogy. The research physician collected one vaginal swab and
one point-of-care vaginal pH test strip from the participant to
characterize the screening NS and vaginal pH, respectively.

Eligible participants returned to the clinic site within 4
weeks for their Day O/baseline visit, approximately 3 days
after the cessation of menstruation. At baseline, the physi-
cian performed a physical examination, which included the
collection of two vaginal swabs and one pH test strip from
the participant, in order to characterize the vaginal micro-
biota, NS and pH, respectively. Participants also received
a 10-strain probiotic formulation (Feminine Support™) with
a daily dose of 2.5x10'° CFU for 28 days (subgroup 1) or 42
days (subgroup 2), as detailed in Figure 1. The probiotic
product consisted of L. acidophilus DDS-1, L. gasseri
UALg-05, L. plantarum UALp-05, L. rhamnosus UALr-
06, L. reuteri UALre-16, L. paracasei UALpc-04,
L. crispatus UALcr-35, L. brevis UALbr-02, B. longum
subsp. longum UABI-14 and B. animalis subsp. lactis
UABIa-12. Probiotic capsules (size 0 hypromellose) were
prepared in accordance with US Food and Drug
Administration good manufacturing practices at UAS Labs
(now Chr. Hansen; Wausau, WI, USA). They were formu-
lated with lyophilized probiotic (120 mg), microcrystalline
cellulose (286 mg), and silica (4 mg).

Participants returned to the clinic at Day 14 + 2, Day
28 + 10 (approximately 3 days following cessation of
menstruation) and Day 42 + 2. At each visit, two vaginal
swabs and one pH test strip were collected to characterize
NS and pH,
Additionally, compliance, concomitant therapies and AEs

the wvaginal microbiota, respectively.

were reviewed with the participant.

Vaginal Swab Analysis

Upon collection, vaginal swabs were promptly inserted into
a chemical preservative and stored at —80°C until analysis.
Sample DNA isolation, library preparation and microbial

Follow-up period
Subgroup 1

Analysis set Intervention period

Continued intervention

Subgroup 2
| | | | |
[ l I [ |
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Screening Day 0 Day 142 Day 28 £10 Day 422
Baseline I
Vaginal pH, Vaginal pH, NS, Vaginal pH, NS Vaginal pH, NS, Vaginal pH, NS,
NS Microbiome Microbiome Microbiome Microbiome
Figure | Study design.
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profiling were performed by Norgen Biotek (Thorold, ON,
Canada) and Veracet (Berkeley, CA, USA), respectively.
DNA isolation and quantification utilized the Qiagen
MagAttract PowerMicrobiome DNA/RNA Kit and the
Qubit Quant-iT dsDNA High Sensitivity Kit (Invitrogen,
Grand Island, NY, USA), respectively. DNA was subse-
quently amplified with fusion primers for the 16S V1-V3
region, which incorporated Illumina (San Diego, CA, USA)
adapters and indexing barcodes. Polymerase chain reaction
(PCR) products were concentrated, quantified by fluoro-
metric method (Invitrogen) and sequenced using Illumina
MiSeq (2 x 300 bp paired end).

The paired-end reads were merged using USEARCH,*’
and the resulting sequences were compared to an in-house
strain database and Greengenes (version 13.5).>® Unique
sequences were quality filtered and clustered at 97% by
UPARSE, and representative consensus sequences per de
novo OTU were determined. Each representative OTU
sequence was assigned a taxonomic classification using
mothur’s Bayesian classifier, which was trained against
the Greengenes reference database of 16S rRNA gene
sequences clustered at 99%. Alpha diversity and beta
diversity dissimilarity) metrics

(Bray-Curtis were

calculated.

Statistical Analysis
The
literature,”* which estimated a reduction in NS of 1.0

sample size calculation was based on prior
after 28 days, with a standard deviation of approximately
2.0. A sample size of 31 participants was determined to
provide 80% power to detect a difference within the study
group using alpha = 0.05. Assuming a 25% attrition rate,
an enrollment of 42 participants was estimated to provide
adequate power at day 28, with subgroups 1 and 2
included as exploratory analyses through day 42.

Study outcomes were assessed on the analysis set
through day 28, 1 and 2

through day 42. Statistical analyses were performed

as well as subgroups

using SAS version 9.4. Significance tests were two-sided,
and P < 0.05 was regarded as significant. Descriptive
statistics are presented as mean + SD, or as median, mini-
mum and maximum for continuous variables or as num-
bers and percentages for qualitative variables. Differences
over the intervention period were assessed via a paired
t-test or Wilcoxon signed-rank test, for normally or non-
normally distributed data, respectively. Normality was
assessed via a Shapiro—Wilk test. Intragroup change in
participants with vaginal pH <4.5 or NS < 3 was assessed

via a McNemar test. Microbial profiling utilized a paired
Wilcoxon signed-rank test to identify significant differ-
ences between visits. Regarding beta diversity, significant
differences among discrete continuous or categorical vari-
ables were assessed using permutational analysis of
variance.” Associations between NS, Vaginal pH and
microbiome were assessed using a Spearman correlation.

Results

Study Parameters

A total of 86 individuals were screened and 43 were
enrolled into the study, as outlined in Figure 2. Screening
and enrollment occurred continuously from July 2018
through December 2019. Of the 43 excluded participants,
22 did not meet inclusion criteria, 19 met exclusion criteria
and 2 were included in both categories. Of the 43 enrolled
participants, 4 withdrew from the study, 2 were lost to
follow-up and 1 did not meet criteria for product compli-
ance. A total of 36 participants were included in the
analysis set, all of whom received supplementation
until day 28, with 24 participants (subgroup 1) continuing
with post-supplementation follow-up until day 42 and 12
participants (subgroup 2) continuing with supplementation
until day 42.

Baseline Characteristics of Participants
Participants in the study were female, with a mean age of
35.4 years (23—49 years) in the analysis set (Table 1).
Participant race and ethnicity were varied but of majority
Hispanic or Latino ethnicity. At screening, participants
primarily met entry criteria for vaginal pH >4.5 (33 of
36 participants) as opposed to NS, with 41.7% having
vaginal pH >4.5 and NS < 3 (Table 1). At baseline, 47%
of participants had a NS of 0-3, while 39% had a NS of
4-6.

Vaginal pH

Baseline vaginal pH was 4.83 + 0.419, 4.74 + 0.386 and
4.99 £ 0.450 for the analysis set and subgroups 1 and 2,
respectively (Table 2). In the analysis set, there was
a significant reduction in vaginal pH, from baseline,
at day 28 (mean change=—0.19, P = 0.047). Participants
in subgroup 1 achieved a significant reduction in vaginal
pH from baseline to day 28 (mean change=—0.23, P =
0.029), which was maintained during follow-up (mean
change=—0.29, P = 0.008). Participants in subgroup 2
achieved a significant reduction in vaginal pH from
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Enroliment

Assessed for eligibility (n=86)

\4

Excluded (n=43)
» Not meeting inclusion criteria (n=22)
» Meeting exclusion criteria (n=19)
* Included in both categories (n=2)

v
Allocation and Analysis

Enrolled (n=43)

Analysis Set (n=36)

A4 A

Exclusions from Analysis Set (n=7)
» Withdrawn (n=4)
* Lost to follow-up (n=2)
» Non-compliance (n=1)

Subgroup 1 (n=24)

Subgroup 2 (n=12)

Figure 2 Participant flow-chart.

baseline to day 42 (mean change=—0.64, P = 0.008).
Continued supplementation in subgroup 2 was associated
with a significant reduction from day 28 to 42 (P = 0.046)
and a quantitatively greater reduction over the study period
as compared to subgroup 1.

The percentage of participants with vaginal pH <4.5 at
each study visit is shown in Figure 3. In the analysis set,
study visits had a significant effect (P = 0.019) on the odds of

Table | Baseline Demographics and Clinical Characteristics

participants achieving vaginal pH <4.5, with 25%, 50% and
50% reporting vaginal pH <4.5 at days 0, 14 and 28, respec-
tively. There was also an increase in participants transitioning
to a vaginal pH <4.5, as compared to baseline, at day 14 (P =
0.020) and day 28 (P = 0.007). Among subgroup 1, there was
a significant increase in participants transitioning to a vaginal
pH <4.5, as compared to baseline, at day 28 (P = 0.034) but
not after post-supplementation follow-up. Within subgroup

Analysis Set (n=36) Subgroup | (n=24) Subgroup 2 (n=12)
Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)
Age (year)? 35.4 (7.58) 35.7 (8.16) 34.9 (6.57)
Female Sex, n (%) 36 (100%) 24 (100%) 12 (100%)
Height (cm) 162.1 (6.71) 161.9 (6.53) 162.5 (7.33)
Weight (kg) 69.5 (14.88) 67.1 (10.76) 74.3 (20.63)
BMI (kg/m?) 26.3 (4.61) 25.6 (3.57) 27.8 (6.10)
Vaginal pH and NS Profile, n (%)?
Vaginal pH > 4.5 and NS < 4 15 (41.7%) 10 (41.7%) 5 (41.7%)
Vaginal pH > 4.5 and NS > 6 12 (33.3%) 8 (33.3%) 4 (33.3%)
Vaginal pH < 4.5 and NS 4-6 2 (5.6%) 0 (0%) 2 (16.7%)
Vaginal pH > 4.5 and NS 4-6 6 (16.7%) 5 (20.8%) 1 (8.3%)
Other 1 (2.8%) 1 (4.2%) 0 (0.0%)
Note: *At Screening Visit.
Abbreviations: NS, Nugent score; SD, standard deviation.
https: 33
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Table 2 Vaginal pH Over Intervention Period

Day 0

Day 0 to 14 Change

Day 0 to 28 Change

Day 0 to 42 Change

Day 28 to 42 Change

Mean (SD)
Median
Mean (SD)
Median
P-value
Mean (SD)
Median
P-value
Mean (SD)
Median
P-value
Mean (SD)
Median
P-value

Analysis Set (n=36) Subgroup 1* (n=24) Subgroup 2° (n=12)
4.83 (0.419) 4.74 (0.386) 4.99 (0.450)
4.70 4.70 5.00
—0.10 (0.608) —0.11 (0.644) —0.09 (0.557)
—0.05 0.00 —0.25
0.318 0418 0.580
—0.19 (0.558) —0.23 (0.490) —0.11 (0.692)
—-0.30 —-0.30 —0.15
0.047 0.029 0.598
— —0.29 (0.492) —0.64 (0.691)

— —0.30 —0.65
— 0.008 0.008
— —0.06 (0.616) —0.53 (0.788)
— 0.00 -0.70
— 0.587% 0.046™

Notes: *Intervention from Day 0 to 28 and follow-up to Day 42; °Intervention from Day 0 to 42; *P-value from Wilcoxon signed rank test; otherwise paired t-test.

Abbreviation: SD, standard deviation.

2, there was a significant increase in participants transitioning
to a vaginal pH <4.5, as compared to baseline, at day 14 (P =
0.046) and day 42 (P = 0.005). In subgroup 2, 8% and 75% of
participants exhibited normal vaginal pH at baseline and day
42, respectively.

Nugent Score
Table 3 provides a summary of NS for the analysis set and
subgroups 1 and 2. The median NS in the analysis set was

100%
90%
80%
70%
60%
50% T
40%
30%

20%

% Participants with Vaginal pH < 4.5

10%
” ]

Day 0

Day 14

4.0, 2.0 and 3.0 at baseline, day 14 and 28, respectively,
however, no significant changes were observed at any of
the timepoints (P > 0.05). Results from subgroups 1 and 2
corroborated the analysis set results, with no significant
changes in NS between baseline and days 14, 28 or 42 (P >
0.05). When grouping by NS category (Supplementary
Figure 1), while there was an increase in participants with
normal NS (0-3) following intervention in each subgroup, no
significant differences were observed over the study period

* %

Day 28 Day 42

OAnalysis Set @Subgroup 1 (Intervention to Day 28) mSubgroup 2 (Intervention to Day 42)

Figure 3 % of participants with vaginal pH < 4.5 at each study visit. Intragroup comparison at Day 14, 28 and 42 as compared to Day 0 via McNemar test; *P < 0.05, ¥P <

0.01.
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Table 3 Nugent Score Over Intervention Period

Analysis Set (n=36) Subgroup 1? (n=24) Subgroup 2° (n=12)
Mean (SD) Median P-value® Mean (SD) | Median P-value® Mean (SD) Median P-value®
Day 0 3.69 (2.72) 4.0 — 3.25 (2.94) 3.0 — 4.58 (2.07) 5.0 —
Day 14 3.06 (2.66) 2.0 0.177 2.58 (2.45) 2.0 0.276 4.00 (2.92) 4.5 0.449
Day 28 3.56 (2.76) 3.0 0.783 2.92 (2.62) 25 0.599 4.83 (2.69) 4.5 0.775
Day 42 — — — 3.71 (2.96) 3.0 0.420 4.33 (2.46) 5.0 0.709

Notes: *Intervention from Day 0 to 28 and follow-up to Day 42; ®Intervention from Day 0 to 42; #P-value from paired t-test as compared to baseline.

Abbreviation: SD, standard deviation.

(P> 0.05). Within subgroup 1, 58%, 67% and 63% had a NS
of 0-3 at days 0, 14 and 28, respectively, followed by
a reduction to 54% at post-supplementation follow-up. In
subgroup 2, there were 25%, 42%, 33% and 42% of partici-
pants with NS of 0-3 at days 0, 14, 28 and 42, respectively.

Vaginal Microbial Community

Vaginal swab samples showed similar alpha diversity mea-
sures (OTU richness and Shannon diversity) across the analy-
sis set at days 0, 14 and 28 (Table 4). A decrease in OTU
richness was observed from baseline (468 + 247) to day 28
(392 £ 201), however this was not significant (P = 0.141). The
top eight microbial phyla identified were Firmicutes,
Bacteroidetes, Fusobacteria, an unclassified phylum,
Actinobacteria, Tenericutes, Proteobacteria and TM7; whereas
the

Lactobacillaceae (exclusively lactobacilli), Prevotellaceae

top eight microbial families identified were

(exclusively Prevotella), Leptorichiaceae, an unclassified
family, Veillonellaceae, Coriobacteriaceae, Clostridiaceae
and Lachnospiraceae.

As shown in Table 4, baseline vaginal microbial abun-
dance levels were majority Lactobacillaceae, and corre-
spondingly Firmicutes, across the analysis set. Participants
generally clustered in very high or relatively low relative
abundance of Firmicutes and Lactobacillaceae. No signif-
icant differences were observed at the phylum or family
levels across the analysis set at days 14 or 28 as compared
to baseline (P>0.05).

Vaginal pH and NS were shown to significantly con-
tribute to the beta-diversity (sample-to-sample dissimilar-
ity) of the samples (P = 0.001), with samples separated by
both weighted and unweighted ordination. Across the ana-
lysis set, there was a significant inverse association
between vaginal pH and percent relative lactobacilli

Table 4 Alpha Diversity Metrics and Percent Relative Abundance of the Most Abundant Phyla and Families Among Vaginal Samples.

Mean and SD of Analysis Set at Days 0, 14 and 28

Day 0 Day 14 Day 28
Mean (SD) Mean (SD) P-value® Mean (SD) P-value®
Alpha Diversity
OTU Richness 468 (247) 439 (256) 0.361 392 (201) 0.141
Shannon Diversity 1.86 (0.693) 1.89 (0.737) 0.509 1.84 (0.67) 0.502
Phylum
Firmicutes 67.0 (34.3) 67.9 (30.7) 0.722 66.4 (33.2) 0.721
Bacteroidetes 13.6 (17.2) 13.8 (17.2) 0.594 15.9 (19.3) 0.106
Fusobacteria 10.3 (16.7) 6.47 (12) 0.235 10.2 (14.5) 0.651
Unclassified 5.22 (7.93) 4.94 (5.92) 0.761 3.47 (4.35) 0.259
Family
Lactobacillaceae 58.0 (43.9) 55.3 (43.2) 0.980 55.1 (44.8) 0.520
Prevotellaceae 13.3 (16.8) 13.5 (16.7) 0.919 15.3 (18.5) 0.100
Leptotrichiaceae 10.3 (16.6) 6.46 (12.0) 0.271 10.0 (14.3) 0.401
Unclassified 5.22 (7.93) 4.94 (5.92) 0.760 3.47 (4.35) 0.259
Note: #P-value from Wilcoxon signed-rank test as compared to baseline.
Abbreviation: SD, standard deviation.
International Journal of Women’s Health 2022:14 https: 35
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abundance [Spearman’s rank correlation coefficient of
—-0.59 (P < 0.001), —0.57 (P = 0.001), —0.62 (P < 0.001)
at days 0, 14 and 28, respectively]. Similarly, a significant
inverse association was observed between NS and percent
relative lactobacilli abundance at each study visit (P <
0.001).

Product Tolerability

Mean compliance across the intervention period was
101.2%, with 1 participant reporting a compliance of less
than <90%. Safety laboratory measurements (biochemistry
and hematology) were similar before and after supplemen-
tation (Supplementary Tables 1 and 2) and within normal

range. In total, there were 15 treatment-emergent adverse
events (TEAEs) reported by 9 of 43 participants. Two
participants reported 5 TEAEs, which were assessed by
the investigator as suspected to be related to the study
product and 7 participants reported 10 TEAEs which
were not related to the study product. The 5 TEAEs with
suspected causality (abdominal cramping, bloating, sto-
mach pain, decreased appetite and increased energy)
were mild and all resolved during the study period.

Discussion

In this pilot study, the effects of a 10-strain probiotic
formulation were evaluated on parameters of vaginal
health in women with an intermediate NS or vaginal pH
>4.5. A significant mean change in vaginal pH was
observed from baseline to day 28 across the analysis set.
Furthermore, the odds of having a vaginal pH <4.5
increased over the study period, demonstrating the probio-
tic’s potential to improve vaginal pH. Among the indivi-
dual both
significance, it is notable that subgroup 2 reached a more

subgroups, while achieved statistical
than 2-fold greater extent of decrease in vaginal pH with
continued supplementation at day 42 as compared to sub-
group 1, suggesting a potentially greater benefit with
a longer-term consumption of the probiotic. Subgroup 2
also displayed the largest increase in participants transi-
tioning to a vaginal pH <4.5, from 8% to 75%, over the
intervention period.

Previously, a meta-analysis of probiotic trials for BV
showed a lesser clinical response in longer term studies, ie,
8 weeks or more, than shorter term trials of approximately
4 weeks.*® However, this may have been impacted by
studies involving antibiotics, wherein recurrence increased
over time. Further, the authors did not report on vaginal

pH change over time.

Vaginal dysbiosis, while broad in nature, is often char-
acterized by the absence of acid forming lactobacilli and
a concomitant proliferation of anaerobic bacteria. In con-
trast, vaginal eubiosis is frequently observed in conjunc-
tion with a lower vaginal pH and a distinct bacterial
organic acid metabolite profile, specifically lactic acid
versus short chain fatty acids such as acetic acid.*!
Lactic acid has been shown to inactivate or kill a variety
of vaginal pathogens,** including uropathogenic E. coli.*
Several prior studies have noted that oral supplementation
of lactobacilli strains may beneficially modulate para-
meters of vaginal health, possibly by means of rectal

24.25.27.28:44.45 Thig has also been demonstrated

migration.
with other gastrointestinal bacteria such as E. coli.*®
Previously, 5 component strains of the administered pro-
biotic formulation were shown to inhibit the ability of
extra-intestinal pathogenic E. coli to invade epithelial
cells in an in vitro Caco-2 cell culture model.*®

The decrease in vaginal pH observed across subgroups 1
and 2 is purportedly due to an increase in lactic acid produc-
tion. Moreover, microbial profiling showed a significant
inverse relationship of pH and vaginal lactobacilli over the
study period. However, abundance levels across the analysis
set did not

Lactobacillaceae abundance maintained over the study.

appreciably change, with a majority
Previously, it has been reported that the conjoint use of
probiotics and antibiotics appreciably increased the abun-
dance of indigenous lactobacilli in BV but not in otherwise
healthy vaginal microbiota,*” such as in the current study. It
should also be noted that there were intersample differences
in quantity of DNA isolated from vaginal swabs, resulting in
several samples which approached or were below the total
read threshold for library size. The study also did not assess
strain abundance via quantitative PCR.

The study did not demonstrate a significant effect on
NS, despite a decreased median NS and an increased
percentage of individuals with NS < 3 over the interven-
tion period. Some prior probiotic studies have demon-
strated significant effects on NS or Amsel criteria.*®>°
Of these, study populations generally had an intermediate
NS (4-6) or a NS indicative of BV (7-10) at baseline. In
the present study, given the multiple entry criteria, the
inclusion of participants primarily based on vaginal pH
was somewhat unexpected.’’ At baseline, 47% of partici-
pants had a NS of 0-3, while 39% had a NS of 4-6. This
resulted in a mean baseline NS < 4 with significant varia-
bility. Given this, the study was likely underpowered to
detect changes in NS. The impact of probiotics on NS has
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also been reported to differ depending on ethnicity.*
Future studies on this 10-strain probiotic formulation
should focus on women with a NS outside the normal
range to better evaluate this parameter. Also, while efforts
were made to align baseline and day 28 visits at the same
menstrual cycle phase, study visits at different phases may
have had an impact on the vaginal microbiota. Lastly, the
average vaginal pH of asymptomatic women of different
ethnicities may be less than or greater than 4.5,°" and
future studies may consider a larger sample size to allow
for subgroup analysis across ethnic groups.

Nevertheless, this
(Feminine Support™) was well tolerated and helped sig-

10-strain probiotic formulation

nificantly reduce vaginal pH in women with intermediate
NS or elevated vaginal pH. The potential of the study
future studies,

product warrants including placebo-

controlled trials, to further assess efficacy.
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