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Probiotic treatment with
specific lactobacilli does not
improve an unfavorable vaginal
microbiota prior to fertility
treatment—A randomized,
double-blinded, placebo-
controlled trial
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Objective: To investigate whether treatment with proprietary lactobacilli-
loaded vaginal capsules improves an unfavorable vaginal microbiome
diagnosed using a commercially available test and algorithm.

Design: A randomized, double-blinded, placebo-controlled study was
conducted in 74 women prior to undergoing fertility treatment at a single
university fertility clinic between April 2019 and February 2021. The women
were randomly assigned in a 1:1 ratio to receive one vaginal capsule per day for
10 days containing either a culture of more than 108 CFU of Lactobacillus
gasseri and more than 108 CFU Lactobacillus rhamnosus (lactobacilli group) or
no active ingredient (placebo group). Vaginal swabs for microbiota analysis
were taken at enrollment, after treatment and in the cycle following treatment.

Participants and methods: Women aged 18-40 years who prior to fertility
treatment were diagnosed with an unfavorable vaginal microbiota,
characterized by either a low relative load of Lactobacillus or a high
proportion of disrupting bacteria using the criteria of the IS-proTM diagnostic
system (ARTPred, Amsterdam, the Netherlands), were enrolled in the study. The
primary outcome measure was the proportion of women with improvement of
the vaginal microbiota after intervention.
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Results: The vaginal microbiota improved after intervention in 34.2% of all
participants (lactobacilli group 28.9%, placebo group 40.0%), with no significant
difference in the improvement rate between the lactobacilli and placebo
groups, RR = 0.72 (95% Cl 0.38-1.38).

Conclusion: This study indicates that administering vaginal probiotics may not
be an effective means of modulating the vaginal microbiome for clinical
purposes in an infertile population. However, a spontaneous improvement
rate of 34.2% over a period of one to three months, confirming the dynamic
nature of the vaginal microbiota, indicates that a strategy of postponing further
IVF treatment to await microbiota improvement may be relevant in some
patients, but further research is needed.

Clinical trial registration: ClinicalTrials.gov, identifier NCT03843112.
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Introduction

The majority of in vitro fertilization (IVF) treatment cycles do
not result in a pregnancy. While efforts to improve pregnancy
rates remain largely focused on enhancing the quality of the
transferred embryo, there is increasing awareness of the potential
role of the intra-uterine environment as a determinant for success.
Tests designed to assess different components of endometrial
function are becoming commercially available (1) and with
microbiota being shown to modulate organ function throughout
the body, interest is growing in assessing the vaginal microbiota as
a potentially treatable marker of endometrial receptivity and
predictor of treatment outcome (2-4).

The term ‘microbiota’ describes the collection of
microorganisms on or in the human body, where the term
‘microbiome’ describes the collection of microbes and their
genomes (5). The healthy vaginal microbiota is dominated by
Lactobacillus spp. with low microbial diversity compared to
other body sites (6). High concentrations of estrogen are
associated with the dominance of Lactobacillus spp (2, 3, 7).
and its production of lactic acid results in a vaginal pH < 4.5,
which in turn inhibits the growth of other bacteria and
pathogens. The normal vaginal microbiota is dynamic and
may vary with sexual activity and the phase of the menstrual
cycle but appears stable between ovulation and the mid-luteal
phase (8). At least five major community state types (CSTs) of
vaginal microbiota can be distinguished in healthy and
asymptomatic women based on two criteria: the relative
abundance of Lactobacillus (L.) and the specific lactobacilli
present (9). Four groups are relatively dominated by either L.
crispatus (CST 1), L. gasseri (CST 1II), L. iners (CST III), or L.
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jensenii (CST V), whereas the fifth (CST IV) is more
heterogeneous and has a higher proportion of strictly
anaerobic organisms (9). Dysbiosis, defined as a change from
the normal vaginal microbiota homeostasis, has been reported to
influence gynecological health and obstetric outcomes (2). The
degree of dysbiosis can range from an asymptomatic state with a
suboptimal bacterial composition to symptomatic bacterial
vaginosis, increasing the risk of miscarriage and preterm birth
in severe cases (10-13).

A number of studies have shown the vaginal microbiota to
be predictive of the outcome of fertility treatments and suggest
that dysbiosis in the reproductive tract negatively affects the
chance of pregnancy following IVF treatment through yet
unknown mechanisms (3, 4, 14-16). In a recent prospective
study, an algorithm derived from vaginal microbiota profiling
using IS-pro, a validated PCR based profiling technique,
reported pregnancy rates after IVF treatment of 5.9%, 23.8%,
and 52.5% in women with a microbiota reported as low,
medium, or high favorability for implantation respectively (17).

The identification of the vaginal microbiota as a predictor for
the chance of pregnancy following IVF suggests that optimization
of the vaginal microbiota before IVF treatment might improve the
chance of successful implantation. To address this, there is a need
to identify interventions that can improve the putatively
unfavorable vaginal microbiota. A range of strategies have been
proposed ranging from simple dietary modifications to antibiotics
and vaginal microbiota transplants (18). Particular interest exists
in the potential of probiotic supplements, which are formulations
containing live bacteria (19). Vaginal probiotic supplements
containing live lactobacilli are available in different formulations
over-the-counter. Although evidence is limited, probiotics may
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have beneficial effects in restoring normal vaginal colonization in
bacterial vaginosis (20-23). However, it is unclear whether
lactobacilli-loaded vaginal capsules represent an effective means
of improving the vaginal microbiota diagnosed as of low
implantation potential. The need for randomized controlled
trials designed to elucidate this has recently been highlighted (24).

This study aimed to determine if lactobacilli-loaded vaginal
capsules are superior to placebo in improving a vaginal
microbiota reported as unfavorable to implantation in women
scheduled for fertility treatment.

Materials and methods
Study design and approvals

A single-center, two-arm, double-blinded, randomized
controlled study was conducted between April 2019 and February
2021 at the Zealand University Hospital Fertility Clinic, Denmark.
The study was approved by the Danish National Committee on
Health Research Ethics (SJ-710) and registered on the Clinical Trial
website (www.ClinicalTrials.gov, identifier NCT03843112).

The study was monitored by an external monitor from the
Danish Good Clinical Practice (GCP) center and reported in
compliance with the CONSORT 2010 statement (25). All
participants provided written informed consent. Adverse events
and reactions were monitored systematically throughout the study.

Study population

Women aged 18-40 years referred to the Fertility Clinic who
prior to fertility treatment had been diagnosed with an
unfavorable vaginal microbiota were invited to participate in
the study.

All the participants were primary infertility patients referred
for their first fertility treatment.

An unfavorable microbiota was defined using the criteria for
‘low’ and ‘medium’ profiles reported to be predictive of a poor or
suboptimal chance of pregnancy following IVF as defined
below (17).

Exclusion criteria were pregnancy, smoking, use of oral
antibiotics between vaginal swab and inclusion, use of oral or
vaginal probiotics between vaginal swab and inclusion, and
allergy towards any ingredient in the vaginal capsules.

Sample analysis
Samples for microbiota analysis were taken from the

posterior vaginal fornix using designed-for-purpose swabs
during a gynecological examination using sterile instruments
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and sterile saline water. Samples were sent for analysis using a
next-generation sequencing-based IS-proTM diagnostic system
(ARTPred, Amsterdam, the Netherlands). The IS-pro method is
a validated technique (26-30) which is described elsewhere (31).
The overall result of the analysis placed the sample in one of
three categories (low’, ‘medium’, or ‘high’ profile) using the
criteria which Koedooder et al. found to be predictive of the
pregnancy chance following IVF (17). The ‘low’ profile was
characterized by a ‘relative Lactobacillus (L.) load < 20%, relative
load of L. jensenii > 35%, presence of Gardnerella vaginalis IST1
or Proteobacteria > 28% of total bacterial load . If none of these
criteria was fulfilled, the sample was identified as either
‘medium’ profile or ‘high’ profile based on the relative
abundance of Lactobacillus crispatus (medium > 60%; high <
60%). Koedooder et al. found the chance of pregnancy within
two months for IVF patients with low, medium, and high
profiles to be 5.9%, 23.8%, and 52.6%, respectively. In addition
to the overall profile, the analysis specified the composition of
the sample microbiota by the relative presence of Lactobacillus
crispatus, Lactobacillus iners, Lactobacillus jensenii, Lactobacillus
spp., Proteobacteria, Gardnerella vaginalis ISTI, and a residual
group other.

Study drug and placebo

The intervention consisted of vaginal capsules containing
more than 10° CFU of Lactobacillus gasseri EBO1 DSM14869
and more than 10° CFU Lactobacillus rhamnosus PBO1
DSM14870. Lactobacillus gasseri is the dominant lactobacilli in
healthy and asymptomatic women with community state type II
(9). The strains are proprietary to Deerland Probiotics &
Enzymes A/S, Hundested, Denmark and the capsules are
marketed under the brand Vivag Plus® by Orkla Care A/S,
Hvidovre, Denmark. Other capsule ingredients include lactitol
monohydrate, corn starch, gelatine, xanthan gum, glucose,
magnesium stearate, and titanium dioxide (E171). The
preparation has no reported side effects or adverse reactions.
The placebo formulation was identical in content, appearance,
and texture to the active study drug but devoid of bacterial
strains. The manufacturer produced both the active study drug
and the placebo formulation in identical packages containing 10
vaginal capsules according to good manufacturing practice
(GMP). Participants were asked to return the empty packages
as well as any excess medicine at their first follow-up visit. Study
drugs were handled according to GMP.

Randomization and blinding

Included women were randomized in a 1:1 ratio to either
lactobacilli-loaded vaginal capsules or placebo. The pharmacy of the

frontiersin.org


http://www.ClinicalTrials.gov
https://doi.org/10.3389/fendo.2022.1057022
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jepsen et al.

Capital Region of Denmark conducted the randomization using a
computer-based randomization program (www.randomization.com)
and labeled all drug packages to ensure blinding of both clinicians and
participants to the content of the packages. Unblinding was not carried
out until after completion of the study when all data had been entered
and the statistical analysis plan confirmed.

Study procedures and timing of samples

Baseline diagnostic samples to assess eligibility were taken
upon consent on the day of first visit unless in case of current
menstrual bleeding. Eligible participants were enrolled at the
beginning of a menstruation cycle no later than two months after
the baseline sample diagnosing an unfavorable microbiota. Data
on menstrual cycle, BMI, and sexual history were collected.

Following randomization, labeled study medicine was
handed out, and participants were instructed to take one
vaginal capsule every night for 10 days starting on the first day
after menstrual bleeding stopped, corresponding to CD 4-7. On
CD 21-25 in the same cycle, a vaginal swab for microbiome
analysis was taken (first sample after intervention). In the next
cycle, a further vaginal swab was taken on CD 21-25 (second
sample after intervention). Participants were advised not to
undergo fertility treatment during the study period to avoid
any influence from the hormonal effects of fertility treatment on
the vaginal microbiota. Similarly, participants were instructed to
refrain from the use of any probiotics during the study period
and compliance was ensured at each visit by an interview.

Outcome measures

The primary outcome measure was dichotomous:
improvement or no improvement in the vaginal microbiota
profile occurring in the period between the baseline sample and
the first sample after the intervention. An improvement was defined
as a shift in profile from low to medium, medium to high, or low to
high, whereas no improvement was defined as no change, high to
medium, or medium to low. To explore the persistency of any
changes, we defined a secondary dichotomous outcome as
improvement or no improvement in the vaginal microbiota
profile between the baseline sample and the second sample after
the intervention (collected in the subsequent menstrual cycle).

Post hoc exploratory analyses included quantification of the
conversion rate overall in both groups, including the proportion
of women who deteriorated to a less favorable microbiota profile
between samples. The specific microbiota composition before
and after intervention was analyzed by the average relative
abundance of specific bacteria in the two groups. Further, the
number of spontaneous pregnancies during the study period and
the impact of sexual activity were quantified.
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Sample size/power calculation

The sample size was derived from a power calculation based
on a number of assumptions, as little data was available to guide
this. The premise was that 80% of women in the intervention
group and 20% of women in the placebo group would
demonstrate an improved vaginal microbiota profile in the
intervention cycle. The rationale for this reflected consideration
of the likely impact of other non-intervention modulating factors
on the microbiota and an expectation of a spontaneous
modulation rate before retesting in the next cycle of 20% in
both groups. These yielded a proposed persistent improvement of
the vaginal microbiota in 64% vs. 32% of women in the
intervention and control group, respectively. With chosen
parameters for power (1-f8) = 0.80 and p-value (o) = 0.05, these
assumptions necessitated 37 participants in each arm (1:1 ratio).
The protocol allowed for replacement of participants dropping
out before the first sample (primary outcome).

Statistical analysis

The relative risk (chance) of improvement in the vaginal
microbiota in the lactobacillus group compared to the placebo
group was calculated from cross-tabulations for primary and
secondary outcomes. P-values were calculated using Pearson’s
chi-squared test. All data were collected and stored in a trial
database (EasyTrial ApS, Aalborg, Denmark). Data were
analyzed using SPSS version 27 (IBM, New York, USA). The
statistical significance level was set at P < 0.05.

Results
Study participants

Between April 2019 and February 2021, a total of 77
participants were randomly assigned to either lactobacillus
treatment or placebo (Figure 1). Three participants were
excluded after randomization, one due to spontaneous
pregnancy before the intervention, one due to COVID-19, and
one participant withdrew consent before finishing intervention.
Accordingly, 74 participants (38 participants in the lactobacillus
group and 36 participants in the placebo group) completed the
study intervention and follow-up. No adverse reactions
were recorded.

Table 1 presents the demographic and baseline characteristics of
the participants. The mean age was 31 years (range 19-39). The mean
BMI (kg/m®) was 26.4 (SD 5.6, range 18.3-39.9). The majority of the
participants were Caucasian (97.3%). The two groups were
comparable and well-balanced overall, except for the cause of
infertility, where there was a higher proportion of male factor
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infertility and a lower proportion of idiopathic infertility in the
lactobacilli group compared to the placebo group. Three
participants started an IVF cycle between the first and second
samples (one in the lactobacilli group and two in the placebo group).

Primary and secondary outcomes

Baseline to first sample

The microbiota profile was improved in 25 participants (34.2%)
at the first sample after the intervention; 11 (28.9%) in the
lactobacilli group and 14 (40.0%) in the placebo group (Table 2).
There was no difference in improvement of the microbiota profile
between the lactobacilli group and placebo group (primary
outcome) (RR = 0.72 (95% CI 0.38-1.38), P = 0.32).

At baseline, 18 of 74 participants had a medium profile. Of
these, two participants (11.1%) had deteriorated to low profile at

10.3389/fendo.2022.1057022

the first sample, one in the lactobacilli group and one in the
placebo group (Figure 2).

Baseline to second sample

In the cycle after the intervention cycle, the microbiota profile
was improved compared with baseline in 23 participants (31.9%), 11
(30.6%) in the lactobacilli group, and 12 (33.3%) in the placebo group.
In three participants, the second sample was taken respectively one,
one, and two months later than protocolled, due to unforeseen
circumstances (one improvement and two no improvement).
Similarly, there was no difference in improvement between the
lactobacilli group and the placebo group after the second sample
(secondary outcome) (RR = 0.92 (95% CI 0.47-1.80), P = 0.80).

First to second sample
Of the 25 participants with improvement from baseline to first
sample, 11 (44.0%) maintained an improved vaginal microbiota

Enroliment

Assessed for eligibility (n=111)

Excluded (n=34)

« Nointerest in research (n=15)
o Obtained spontaneous pregnancy (n=6)
o Started fertility treatment (n=10)

« Received antibiotic treatment (n=3)

Randomized (n=77)

Allocated to lactobacilli group (n=38)

« Received allocated intervention (n=38)

Lost to follow up (n=0)

« Protocol deviation (n=2)
© 1 Second sample taken one month later
due to patient vacation
© 1 Second sample could not be coliected
due 1o COVID-19

Analyzed first samples (n=38)

Analyzed second samples (n=36)

« Excluded from analysis (n=2)
o 1Second sample could not be

analysed
o 1 Second sample could not be
coliected due to COVID-19

FIGURE 1
Flowchart of enrolment, allocation, follow-up, and analysis.
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Allocation

Allocated to placebo group (n=39)

« Received allocated intervention (n=36)
o 1 Spontaneously pregnancy before
intervention
o 1Prevented due to COVID-19
© 1 Withdrawal trom consent

Lost to follow up (n=0)

* Protocol deviation (n=2)
© 1 Second sample taken one month later
due to menstruation
© 1 Second sample taken two months later
due to hospital admission

Analyzed first samples (n=35)
* Excluded from analysis (n=1)
© 1 First sample could not be
analysed

Analyzed second samples (n=36)
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TABLE 1 Demographic and baseline characteristics of participants.

Lactobacilli group

(n = 38)
Age (y), mean (SD) 30.6 (4.0)
BMI (kg/mz), mean (SD) 26.8 (6.1)
Smoker, n (%) -
Partner status
- Male partner, n (%) 30 (78.9)
- Female partner, n (%) 2 (5.3)
- No partner, n (%) 6 (15.8)
- Other/no answer, n (%) -
Ethnicity
- Caucasian, n (%) 37 (97.4)
- Mediterranean, n (%) 1(2.6)
- Other, n (%)
Cause of infertility
- Idiopathic, n (%) 8 (21.1)
- Male factor, n (%) 18 (47.4)
- Tubar factor, n (%) -
- Cycle disorder, n (%) 1(2.6)
- Uterine factor, n (%) -
- Combination, n (%) 2 (5.3)
- Other, n (%) 1(2.6)
- No partner/female partner, n (%) 7 (18.4)
- Missing, n (%) 1(2.6)
Penile-vaginal intercourse
- None, n (%) 5(13.2)
- Yes, 1-4 per month, n (%) 12 (31.6)
- Yes, 5-12 per month, n (%) 17 (44.7)
- Yes, >12 per month, n (%) 3(7.9)
- Yes, frequency n.a. (%) 1(2.6)
Self-assessed vaginal discharge
- Normal, n (%) 26 (68.4)
- Increased, n (%) 11 (28.9)
- Missing, n (%) 1(2.6)
Vaginal odor complaints
- No, n (%) 31 (81.6)
- Yes, n (%) 6 (15.8)
- Missing, n (%) 1(2.6)
Baseline vaginal microbiota profile
- Low, n (%) 27 (71.1)
- Medium, n (%) 11 (28.9)

10.3389/fendo.2022.1057022

Placebo group Total
(n =36) (n=74)
315 (4.5) 31.0 (4.2)
26.1 (5.2) 26.4 (5.6)

- 0 (0)
29 (80.6) 59 (79.7)
0 (0) 2(27)
7 (19.4) 13 (17.6)
- 0 (0)
35 (97.2) 72 (97.3)
1(2.8) 2(2.7)
0 (0)
15 (41.7) 23 (31.1)
9 (25.0) 27 (36.5)
- 0 (0)
1(2.8) 2(2.7)
- 0 (0)
1(2.8) 3 (4.1)
1(2.8) 2(2.7)
7 (19.4) 14 (18.9)
2 (5.6) 3 (4.1)
6 (16.7) 11 (14.9)
13 (36.1) 25 (33.8)
11 (30.6) 28 (37.8)
6 (16.7) 9 (12.2)
0 (0) 1(1.4)
31 (86.1) 57 (77.0)
5(13.9) 16 (21.6)
0 (0) 1(1.4)
25 (69.4) 56 (75.7)
11 (30.6) 17 (23.0)
0 (0) 1(1.4)
29 (80.6) 56 (75.7)
7 (19.4) 18 (24.3)

profile at the second sample, six in the lactobacilli group and five in
the placebo group, while 14 (56.0%) deteriorated again. Reversely,
of the 23 participants with improvement from baseline to second
sample, eight (34.8%) were new improvements after the first
sample. Of all 35 participants with a medium or high profile at
the first sample, 15 (42.9%) had deteriorated to a lower profile at
the second sample, six in the lactobacilli group and nine in the
placebo group (P = 0.46; Figure 2).
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Post-hoc analyses

Spontaneous conversion rate

For participants overall, we performed a post hoc analysis of
the spontaneous conversion rate (both deteriorations and
improvements). Figure 2 provides an overview of conversions
from the baseline sample to the first sample and from the first
sample to the second sample. Looking solely at the change in
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TABLE 2 Primary and secondary outcome: Improvement in the vaginal microbiota after intervention.

Primary outcome: Baseline to first sample Improvement No improvement Total Relative risk 95% CI P-value
Lactobacilli , n (% of 11 (28.9 27 (71.1 38 (100

actobacilli group, n (% of group) ( ) ( ) (100) 0.72 0.38-1.38 0.32
Placebo group, n (% of group) 14 (40.0) 21 (60.0) 35* (100)
Total, n (% of all) 25 (34.2) 48 (65.8) 73 (100)
Secondary outcome: Baseline to second sample Improvement No improvement Total Relative risk 95% CI  P-value
Lactobacilli , n (% of 11 (30.6 25 (69.4 36** (100

actobacilli group, n (% of group) ( ) (@ ) (100) 0.92 047-1.80 0.80
Placebo group, n (% of group) 12 (33.3) 24 (66.7) 36 (100)
Total, n (% of all) 23 (31.9) 49 (68.1) 72 (100)

Improvement in the vaginal microbiota was defined as a change in the microbiota profile from low to medium, low to high, or medium to high from the baseline sample to the first sample
(primary outcome) or from the baseline sample to the second sample (secondary outcome), whereas no improvement was defined as no change or deterioration.

*One sample could not be analyzed.

**One sample could not be analyzed, and one sample could not be collected due to COVID-19.

profile from the first sample to the second sample, equal in P = 0.81) nor after intervention (first sample: lactobacilli

duration to one menstrual cycle, a one-cycle conversion rate of group 51.4% vs. placebo group 47.9%, P = 0.75).

35.2% (25 of 71 participants) was observed. Nearly all

conversions were observed in the groups of women with low Spontaneous pregnancy during the

or high profiles (Table 3). Only one participant of 10 with a study period

medium profile converted (to the less favorable low profile). Five participants became spontaneously pregnant in the

study period between intervention and the second sample, one

Microbiota composition in the lactobacilli group and four in the placebo group, 2.6% vs.
Baseline samples revealed near identical compositions of the 11.1% (P = 0.19).

vaginal microbiota in the two groups before and after

intervention. There was no difference in the abundance of all Sexual activity

Lactobacilli between the groups neither before intervention Overall, 11 participants (14.9%) reported not engaging in

(baseline: lactobacilli group 47.9% vs. placebo group 45.9%, penile-vaginal intercourse. The improvement rate in this group

Vaginal Microbiota Profile

Baseline
n=74 (27/29) (11/7)
Me: 1| [H:19 Me: 10| | H:5 | | Mi:1
(zons) (6/4) (or1)
1. sample 38 24 1
n=73 (2117) (6/5) (1113) ()
L:27 % Me:9| [ H:0 L:8 | [Me:6] [H:10
(15/12) (3/4) (1/0) @5) | | (©/0) (1/0) (26) | | (3m) | | (6/4)
2. sample 36 18 18 2
n=72 (18/18) (9/9) (9/9) (2/0)

FIGURE 2
Overview of conversions in the vaginal microbiota between baseline, first sample, and second sample. Number of participants, n (lactobacilli-
loaded capsules group, placebo group). L, Low; Me, Medium; H, High; Mi, Missing; N/A, Not applicable.
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of women was not different from the group of women engaging
in penile-vaginal intercourse, 40.0% vs. 33.8% (P = 0.71).

Discussion
Summary of the main findings

This double-blinded, placebo-controlled randomized study
showed no significant effect of treatment with lactobacilli-loaded
vaginal capsules (> 10° CFU of Lactobacillus gasseri EBO1
DSM14869 and > 10° CFU Lactobacillus rhamnosus PBO1
DSM14870) on the unfavorable vaginal microbiota profile,
defined as low or medium profiles by the IS-proTM diagnostic
system, among women referred to fertility treatment. Therefore,
the results do not support the use of this specific probiotic
vaginal capsule to improve the vaginal microbiota before fertility
treatment. However, this study reveals the highly dynamic
nature of the vaginal microbiota, with a spontaneous
improvement rate of 34.2% being observed one to three
months after the baseline sample. Over the course of one
menstrual cycle, the spontaneous conversion rate of the
vaginal microbiota (both deteriorations and improvements)
was 35.2%. The medium profile appeared to be relatively more
stable than low and high profiles.

These findings appear to be at odds with the beneficial effects
of vaginal probiotic supplements in addition to antibiotics in
symptomatic bacterial vaginosis (32). However, bacterial
vaginosis represents a clinically symptomatic pathology caused
by severe vaginal dysbiosis, whereas the vaginal microbiota
deemed unfavorable for implantation appears to be an
asymptomatic variant of the normal vaginal microbiota, which
would otherwise remain undetected. Hence, it is plausible that
the microbiological effects of introducing specific lactobacilli in
the vaginal milieu are different in the two cases. Our findings
also contrast with a previous study (33) which showed that
lactobacilli supplements containing Lactobacillus rhamnosus
and Lactobacillus fermentum could restore healthy vaginal
flora in up to 82% of women with previous vaginal dysbiosis.
However, this study was again focused on treating clinical
bacterial vaginosis as defined by the Nugent Score and did not

10.3389/fendo.2022.1057022

apply next-generation sequencing technology. Finally, it is
unclear how the presents results on the vaginal microbiota
relate to treatment of the endometrial dysbiosis where a
previous has suggested that probiotics in combination with
antibiotics may be beneficial (34).

The negative findings reported in this study could be
accounted for by a number of factors. First, the underlying
premise that vaginal probiotic tablets can modulate non-
pathological variants of the vaginal microbiota could be
incorrect. Although suggested by several researchers (35, 36), a
recent systematic review of probiotic therapy in couples with
infertility concluded that evidence is sparse and conflicting
regarding the impact of probiotic treatment on clinical
pregnancy rates and emphasized the need for randomized
controlled trials (24). Molina et al. have recently suggested a
number of other factors, both technical and individual, which
may impact the microbiota to a greater extent than specific
interventions (18).

Second, these findings might be accounted for by the
lactobacilli formulation used in the present study. The
formulation tested contained Lactobacillus gasseri and
Lactobacillus rhamnosus. However, the analytic algorithm used
to discern the division of profiles into low, medium, and high are
not based on the relative abundance of these specific lactobacilli
but rather the presence of lactobacilli in general and the relative
presence of the specific Lactobacillus crispatus strain (17).
Therefore, results could possibly be different were a different
formulation of the lactobacilli loaded capsules to be used, e.g.
one containing Lactobacillus crispatus (37).

Third, the results could reflect the validity of the IS—proTM
diagnostic system. However, the overall goal of research in
probiotic therapy is to improve the chances of pregnancy
following IVF treatment and since the IS—proTM diagnostic
system has been shown to be predictive of pregnancy chances
(17), it was selected for use in this study. Other analytic methods
exist but assuming a common underlying microbiological
concept of favorability, it can be postulated that other analytic
approaches proposed to correlate with pregnancy chances would
produce similar results.

Fourth and finally, it may be that the impact of specific
strains is dependent on the broader microbiota system and that

TABLE 3 Spontaneous conversions in the vaginal microbiota during one menstrual cycle for all participants.

First sample result Second sample result Total
Deterioration No change Improvement

Low, n (% of group) n.a. 27 (73.0) 10 (27.0) 37 (100)

Medium, n (% of group) 1 (10.0) 9 (90.0) 0 (0) 10 (100)

High, n (% of group) 14 (58.3) 10 (41.7) n.a. 24 (100)

Total, n (% of all) 15 (21.1) 46 (64.8) 10 (14.1) 71 (100)

n.a., not applicable.
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multiple rather than single strain interventions are necessary to
induce a clinically significant change.

Limitations

Despite the careful design of this randomized controlled
study, some limitations must be addressed. This study was
carried out at a single center in a patient cohort that was
overwhelmingly Caucasian. Inclusion of a more diverse patient
population would have produced more generally applicable data
but would have required a larger study population as the vaginal
microbiota, including the dominance of Lactobacillus spp., varies
among women of different ethnicities (9, 38).

It should also be noted that the intervention and placebo
were self-administered. However, all patients were carefully
instructed, and reviewing of excess medicine returned did not
indicate compliance issues.

The IS-pro technique is based on a prediction algorithm
evaluating specific taxa, but it does not consider the complete
microbiota or the presence of specific pathogenic bacteria.
Moreover, it does not consider the endometrial microbiota
which also is suggested to impact the reproductive outcome of
IVE (39).

The time from the baseline screening sample to the first
sample was designed to range from 1-3 months. Within this
timeframe, spontaneous improvement may have occurred in
some patients before the intervention was administered.
However, this time frame was selected based on the prognostic
value of the IS-pro analysis system on pregnancy rates found by
Koedooder et al. (17) and the randomized controlled design of
the study eliminates the risk of bias from this effect.

Finally, we defined both low and medium profiles as
unfavorable. This could have decreased the observed
improvement rates due to the relatively higher stability of the
medium profile. However, patients with a medium profile were
included since the potential near two-fold increase in pregnancy
rates found by Koedooder et al. (23.8% vs. 52.6% in patients with
a high profile) would be highly clinically relevant.

Clinical implications

The present study provides two novel insights into the
clinical application of vaginal microbiota profile assessment in
women undergoing fertility treatment. First, the results provide
no evidence to support the use of lactobacilli-loaded capsules
containing L. gasseri and L. rhamnosus to improve the vaginal
microbiota before fertility treatment. While not beneficial, the
study did not indicate any adverse effects of this probiotic
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therapy. Second, the study confirmed the dynamic nature of
the vaginal microbiota and found that spontaneous
improvement of an unfavorable vaginal microbiota is likely to
occur in 34.2% of patients with an unfavorable microbiota
within a period of one to three months. This may suggest that
a strategy of postponing further IVF treatment to await
microbiota improvement could be helpful in some patients as
previously suggested (17). However more evidence for the
efficacy of postponing IVF/ICSI treatment to improve the
microbiota is required before it can be recommended as
alternative strategy to probiotic treatment.

In conclusion, this study indicates that the ‘rush to
probiotics’ should be tempered with some caution. More
studies of both the vaginal and endometrial microbiota are
required to confirm the efficacy of specific vaginal probiotics
before they can be considered as a therapeutic solution in
this context.
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