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Abstract

Purpose In the vagina of healthy reproductive-aged women, several microbial species maintain a finely tuned mutualistic
relationship with the host providing the first-line of defense against the colonization by opportunistic pathogens, which are
the leading cause of dysbiosis or vaginal infections (bacterial vaginosis, vulvovaginal candidiasis, and aerobic vaginitis).
The use of probiotic lactobacilli to prevent vaginal infections has a good rationale, and an excellent safety record, but so far
only a few strains have been clinically proven to be effective, particularly to prevent BV. The aim of the clinical trial was to
evaluate the changes in Nugent score in women with intermediate vaginal microbiota treated with oral Lactobacillus acido-
philus GLA-14 and Lactobacillus rhamnosus HNOO1 mixture, in combination with bovine lactoferrin RCX™ (Respecta®)
or placebo, for 15 days.

Methods Vaginal swabs were collected from each woman at baseline and at the end of probiotic treatment and analyzed by
RT-PCR. Both symptoms of abnormal vaginal micorbiota and adverse effects were assessed throughout the study.

Results The results showed that oral intake of lactobacilli/lactoferrin mixture led to significant vaginal colonization by L.
acidophilus GLA-14 and L. rhamnosus HNOO1 showing that both strains can colonize vagina following oral ingestion. The
effect of such colonization is correlated with the restoration of normal Nugent score (values 0-3) and an improvement of
symptoms of abnormal vaginal micorbiota including itching and discharge.

Conclusions Oral consumption of lactobacilli/lactoferrin complex corroborates the effectiveness of using lactobacilli for
supporting vaginal health and provides a rational basis for future studies on vaginal infections.
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Introduction

Vaginal genital tract is populated by several microbial spe-
cies, mainly lactobacilli spp., living in equilibrium as a bal-
anced microbiota responsible for the healthy status of vagina
and the maintenance of acidic pH (pH <4.5) [1, 2]. Due
to their capability to produce lactic acid and other soluble
molecules such as H,0, and bacteriocins, lactobacilli pro-
vide also a defense against opportunistic and pathogenic
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microorganisms, such as Gardnerella vaginalis and Atopo-
bium vaginae. When number of vaginal lactobacilli is
reduced (usually below 10® CFU/ml), the risk of vaginal
infections increases significantly. Bacterial vaginosis (BV)
is the most common cause of vaginal infection among child-
bearing women and its prevalence ranges between 4.9 and
36.0% according to European and American studies [3, 4].
BV is caused by bacteria (mainly anaerobic ones) able to
adhere to vaginal epithelium, forming biofilm and producing
enzymes such as cytolisin (vaginolisin) and sialidase [5]. G.
vaginalis is virtually always present at high concentrations
in women who have BV but it is also detected frequently
in healthy women, so the ratio of logarithm concentration
between Lactobacillus spp. and G. vaginalis should be con-
sidered as a reliable marker [6]. The most reliable methods
to diagnose BV are Amsel criteria and Nugent score [7, 8].
In particular, Nugent score is a scoring system assessing the
Gram stained preparations from vaginal smear by wet mount
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microscopy; it ranges from 0 to 10. Vaginal micorbiota is
considered as normal if Nugent score (NS) is between 0 and
3; intermediate vaginal micorbiotia (IF) with NS between 4
and 6 and, finally, BV if NS is between 7 and 10. It is impor-
tant to note that abnormal vaginal micorbiota or dysbiosis
(Nugent score 4-6) shows almost the same characteristics of
BV [9] in term of association with upper genital tract infec-
tions, sexually transmitted infections (STI) and unfavorable
pregnancy outcomes [10, 11]. This condition is found in
approximately 20% of clinically healthy women and could
be considered a transitional step between normal micorbiota
and bacterial vaginosis, which is related to several gyneco-
logic or obstetric outcomes. Therefore, the early detection
of vaginal disturbance and the proper management of the
intermediate microbiota represents a pivotal matter espe-
cially for pregnant women [12].

The current study was performed to assess the degree and
persistence of the vaginal colonization by probiotic strains
from an orally administered mixture of lactobacilli contain-
ing Lactobacillus acidophilus GLA-14 and Lactobacillus
rhamnosus HNOO1, in combination with bovine lactofer-
rin RCX™ (Respecta®). Its effect on parameters of vaginal
health (e.g. total lactobacilli counts, vaginal pH and Nugent
score) and subjective symptoms such as itching and vaginal
discharge were also monitored.

Patients and methods

The study was performed from October 2016 to January
2017 as a double blind, randomized, placebo controlled clin-
ical trial with two parallel groups receiving either verum or
placebo (Fig. 1).

Study product (verum) was a lactobacilli mixture
(Respecta® class Ila medical device in Europe, studied
and developed by Giellepi S.p.A. Health Science, Lissone,
MB, Italy), formulated in capsules including 5 x 10° CFU

Assessment for eligibility (visit 1)
(n=40)

‘ Excluded patients (n=0)

Randomization (visit 2)
(n=40)

Respecta® arm Placebo arm

Allocation on treatment (visit 2) Allocation on treatment (visit 2)
(n=20) (n=20)

Evaluation of efficacy and safety (visit 3)

Evaluation of efficacy and safety (visit 3)
(n=20)

(n=20)

Fig.1 CONSORT flow diagram of the patients participating in the
study
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probiotic blend (Lactobacillus acidophilus GLA-14, LMG
S-29159 and Lactobacillus rhamnosus HNOO1, AGAL
NMO07/09514), in combination with bovine lactoferrin
RCX™ (50 mg). Placebo consisted of an identical capsule
containing maltodextrin (100 mg); the excipients were the
same in both verum and placebo.

The study was evaluated and approved by the National
Committee of Bioethics for Medicines and Medical Devices,
Bucharest (no. 3DM/16.02.2016). Clinical procedures have
been completed in accordance with Good Clinical Practices
and the ethical standards as laid down in the 1964 Decla-
ration of Helsinki and its later amendments regarding the
ethical principles for medical research involving human sub-
jects adopted during the 64th WMA General Assembly at
Fortaleza in Brazil on October 2013.

Forty (40) women of reproductive age (18-50 years old)
were enrolled with signs or symptoms of vaginitis/vagino-
sis. The symptoms (itching; vaginal discharge; burning or
dryness; fishy odor) were reported from the patients dur-
ing gynecologic visits using self-completion questionnaire
for comprehensive assessment of the severity according to
the following four level scale: absent; mild; moderate and
severe.

Written informed consent was obtained from all individ-
ual participants included in the study. Patients were included
if they: (1) need supplementation and/or restoration of the
vaginal microbiota (Nugent score 4-6); (2) want to cooper-
ate with investigators during the study and comply with the
study procedures; and (3) abstain from sexual relations and
vaginal douche during the study. The exclusion criteria were:
(1) age < 18 and > 50 years old; (2) Nugent score different
from 4 to 6 or other vaginal infections as candidiasis, BV or
trichomoniasis; (3) hypersensitivity to any ingredient in the
study product; (4) pregnancy, breastfeeding or menopause
state; (5) the use of intrauterine device; (6) participation
to other clinical trial which could influence urogenital tract
micorbiota; (7) the use of any other oral or vaginal probiot-
ics; (8) antibiotic therapy; (9) hormonal therapy.

The full study cycle consisted of three visits at gynecol-
ogy centers. The first visit was devoted to initial screening
to ascertain the inclusion/exclusion criteria; vaginal swabs
were collected to define Nugent score and vaginal culture
was included to exclude yeast, bacterial or protozoal vagi-
nitis. After informed consent during second visit, all women
with intermediate Nugent score were randomized into two
groups (20 women per group) according to treatments
(verum or placebo). For treatment allocation, a random num-
ber table list was created using SPSS program (version 20).
The randomization codes were generated as a serial number
of four digits indicating the treatment patient should receive
(A or B). The randomization scheme ratio was of 1:1; each
time a patient met the eligibility criteria, a randomization
code was requested from the headquarter by the investigator
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based on randomization codes distributed at that site. The
randomization list was kept in a secure place with limited
access and unknown to the clinical investigators and labora-
tory researchers. The randomization list was opened at the
end of the study for study results presentation.

During the third visit (end of the treatment), data regard-
ing efficacy and safety of the intervention were collected.
Nugent score at the end of treatment in comparison to base-
line values was evaluated and Real-Time PCR (RT-PCR)
was carried out for detecting L. acidophilus and L. rhamno-
sus from vaginal swabs to assess whether the strains trans-
ferred from the gut to the vaginal site. The microbiologists
able to read Gram staining were blinded.

All enrolled women ingested one capsule of verum/
placebo per day for 15 days. Patients were not allowed to
take any medicine, intravaginal products (e.g. spermicides,
lubricants, etc.), or food that could interact with the study
treatments during the entire study period. Participants utiliz-
ing/consuming the above-mentioned products were excluded
from the evaluation and statistical analysis; women were
only allowed to use a neutral detergent for intimate hygiene.

Nugent score is a Gram stain scoring system useful as
screening method to differentiate normal vaginal micoro-
biota from bacterial vaginosis. Vaginal specimens were col-
lected according to Good Clinical Practice from each woman
by careful rotation of sterile cotton swab against sidewalls
in the upper third area of the vagina. Each vaginal swab was
used for doing a smear on a microscope slide and stained
for Nugent score estimation. The Nugent score was calcu-
lated from the microscopic evaluation according to Nugent
et al. [8]. Regarding the criteria for interpreting the results,
Nugent score ranging from O to 3 indicates normal vaginal
micorbiota; Nugent score from 4 to 6 indicates intermedi-
ate vaginal microbiota or dysbiosis; Nugent score from 7 to
10 indicates bacterial vaginosis. Collectively, Nugent score
greater than three have been referred to as “abnormal” vagi-
nal micorbiota.

The pH of secretions collected from the lateral vaginal
wall was measured using paper strips, whose color indicator
ranged from 3.5 to 5.2.

A second swab was collected for assessing lactobacilli
colonization by RT-PCR analysis. Total DNA was extracted
from vaginal swabs using the genomic DNA extraction Pure-
Link Mini Kit (Thermo Fisher Scientific) and DNA Cleanup
Micro kit according to the manufacturer protocols. Extracts
purity was determined using a biophotometer (Eppendorf).
In the following stage, the concentrations of total DNA were
calculated in all samples and a quantitative PCR was per-
formed using the highest concentration of DNA common to
all samples (100 ng). In all PCR reactions, positive controls
(DNA extracted from lactobacilli cultures) and negative
controls were used for internal control amplification. RT-
PCR results were reported as genome containing particles

(GCP)/100 ng total DNA (number of copies of DNA lacto-
bacilli in 100 ng of total DNA).

DNA amount of the two studied microorganisms was
assessed by RT-PCR according to methods described by De
Alberti et al. [13]. Two sets of primers were used; the first
set of primers was LacidoF (50-TGCAAAGTGGTAGCG
TAAGC-30) and LacidoR (50-CCTTTCCCTCACGGT
ACTG-30), which was designed to amplify a 200 bp on the
region between 16S rDNA and 32S rDNA of L. acidophi-
lus. The second set of primers was LrhamF (50-TGCTTG
CATCTTGATTTAATTTTG-30) and LrhamR (50-GGTTCT
TGGATYTATGCGGTATTAG-30), which was designed
to amplify a 120 bp on the region of the 16S rDNA of L.
rhamnosus.

DNA amplification conditions were as follows: 3 min ini-
tial denaturation at 95 °C, 35 denaturation cycles at 95 °C
for 30 s, 35 denaturation-annealing and annealing-elongation
cycles at 60 °C for 30 s. A Quant Studio 3 Real Time-PCR
System was used for RT-PCR analyses. RT-PCR was per-
formed with TagMan Multiplex Master Mix (Applied Bio-
systems, Thermo Fisher Scientific). After TagMan ampli-
fication, a dissociation curve analysis was performed to
confirm the absence of nonspecific amplification products.

Adverse events were classified as light, moderate or
severe (an adverse event was considered severe if it was
fatal, life threatening, requiring hospitalization, leading to
permanent handicaps or congenital abnormalities).

Causality of any adverse events was considered as: cor-
related if the investigator had sufficient information and con-
sidered the symptom to be correlated to the study treatment.
Uncorrelated if the investigator had sufficient information
and considered the symptom not to be correlated to the study
treatment. Unable to determine correlation if the investigator
had insufficient information or was not able to determine the
correlation or non-correlation of the symptom to the study
treatment.

For normality testing, Shapiro—Wilk test was performed.
Descriptive statistics was used in this study to present
quantitative descriptions of different variables. Unpaired
Student’s 7 test was used for assessing differences between
treatment groups. Chi-Square test was used for the analysis
to tests the association between tested variables. The null
hypothesis to be tested was no difference between the group
treated with the lactobacilli/lactoferrin mixture compared
to placebo group.

Results

Demographic characteristics of the recruited women are pre-
sented in Table 1. No difference was observed between the
two treated groups (Respecta® and placebo). Compliance
was 100% for all participants in both study groups during
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Table 1 Demographic characteristics of participating women

Table 2 Nugent score evolution from baseline to the end of treatment

Respecta® Placebo

Sex (female, %) 100 100
Age (years+SD) 34.30+8.58 34.75+8.02
Weight (kg +SD) 66.05+9.04 64.70+8.83
Height (cm+ SD) 170+7.23 169 +8.53
BMI (kg/m?) 227+1.7 22.4+1.2
Method of contraception (%)

Oral contraception 20 25

Condom 80 75

No difference was shown between the two treated groups (Respecta®
and placebo)

the treatment. During clinical examinations, symptoms
such as itching, vaginal discharge, fishy odor, burning and
dryness were monitored in both groups. As expected, no
woman showed burning sensation or dryness. Women tak-
ing lactobacilli/lactoferrin mixture experienced a general
improvement of symptoms; in particular, itching and vagi-
nal discharge decreased significantly at the end of treatment
with Respecta® compared to baseline and placebo group
(P<0.001). Results are shown in Fig. 2.

Nugent score results are shown in Table 2. The intra-
group analysis for the evaluation of Nugent score evolution
from baseline to the end of the study showed that Nugent
score was significantly improved (from intermediate to nor-
mal score) in the group treated with lactobacilli/lactoferrin
mixture after 15 days treatment (P =0.0004). On the other
hand, the administration of placebo did not induce any modi-
fications in Nugent score. Intergroup comparison at the end
of treatment revealed that Nugent score was significantly
improved after lactobacilli/lactoferrin mixture oral admin-
istration compared to placebo (P=0.0110).

The mean vaginal pH varied between 4.42 and 4.09 in
verum group and between 4.03 and 4.47 in the placebo

Fig.2 Vaginal symptoms (itch- 20
ing, vaginal discharge, fishy 18
odor) evaluated at both baseline
and the end of treatment in
each group. In the graph, the 14
number of women with at least
one vaginal symptom is shown.
##4P <0.001 Respecta® vs
placebo. Dark grey: Respecta®;
Light grey: Placebo

16

12

10

Number of women

T0
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Itching

Nugent score P value
- ® (Respecta® vs
Respecta Placebo Placebo)
Baseline 5.09+£0.82 5.10+0.72 Not significant
End of treatment 290+0.34 5.14+0.94 0.0110

P value (baseline vs  0.0004
end of treatment)

Not significant

Values are expressed as mean=+ SD (standard deviation). The signifi-
cance level was set at P <0.05

group (Table 3). No statistical difference was observed
neither between baseline and the end of the study in each
arm, nor between the two arms.

RT-PCR was performed to assess vaginal colonization
by both probiotic strains (L. acidophilus GLA-14 and L.
rhamnosus HNOO1) after lactobacilli/lactoferrin mixture
oral intake. The results are showed in Figs. 3 and 4 for L.
acidophilus GLA-14 and L. rhamnosus HNOO1, respec-
tively. Both strains increased significantly in the vagina
of women in the active arm at the end of the study in
comparison to baseline. On the contrary, vaginal coloni-
zation did not change significantly in the placebo group
anytime. Intergroup comparison at the end of treatment
revealed that lactobacilli vaginal colonization was signifi-
cantly improved after lactobacilli/lactoferrin mixture oral
administration compared to placebo (P <0.001).

During the study period no adverse event occurred, nei-
ther correlated nor unrelated. Both products (verum and
placebo) were well tolerated by all subjects participating
in the study.

* %k

T1 T0 T1 TO Tl

Vaginal discharge Fishy odor
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Table 3 Vaginal pH

pH P value
® (Respecta® vs
Respecta Placebo Placebo)
Baseline 4.42+0.70 4.03+0.42 Not significant

4.09+0.33 4.47+1.03
Not significant Not significant

End of treatment Not significant

P value (baseline
vs end of treat-
ment)

Values are expressed ad mean +SD. The significance level was set at
P<0.05

180 #
ok ok
160
140
120
100
80

60

- -

Respcta®

GCP *10%/100 ng DNA

Placebo

Fig.3 Lactobacillus acidophilus GLA-14 vaginal colonization.
Values are expressed as mean+SD. GCP genome containing parti-
cles. ¥P<0.01 End of treatment vs baseline in the Respecta® group;
###P <(.001 Respecta® vs placebo. Light grey: baseline; Dark grey:
end of treatment

100 #
* Kk
90
80
< 70
a
® g0
8
= 50
N
S 40
%
&
® 30
20 I I
10
0
Respecta® Placebo

Fig.4 Lactobacillus rhamnosus HNOO1 vaginal colonization. Val-
ues are expressed as mean+SD. GCP genome containing parti-
cles. #P<0.01 End of treatment vs baseline in the Respecta® group;
##4P <0.001 Respecta® vs placebo. Light grey: baseline; Dark grey:
end of treatment

Discussion

The manipulation of vaginal microbiota by supplementa-
tion of probiotics represents a strong rationale for restoring
the homeostasis of unbalanced vaginal micorbiota, which
causes dysbiosis and vaginal infections [14, 15]. Neverthe-
less, not all probiotic strains are suitable for vaginal indi-
cations. To be effective, a strain must reach and colonize
the human vagina. Substantial of experimental evidence
exists about vaginal colonization by lactobacilli, also fol-
lowing oral intake [13, 16—18]. Unfortunately, also patho-
genic bacteria (e.g. Streptococcus agalactiae, Escherichia
coli, Gardnerella vaginalis) can move from the gastro-
intestinal tract to the lower uro-genital tract [19] thus
causing diseases such as urinary tract infections (UTI),
bacterial vaginosis (BV), aerobic vaginitis (AV) and vul-
vovaginal candidiasis (VVC).

Some studies have suggested that even a transient col-
onization through a short probiotic intervention may be
important and sufficient to correct a non-balanced micro-
biota and this may be relevant in case of intermediate
microbiota/dysbiosis [18] and BV during pregnancy [20].

Oral supplementation with probiotics, which may colo-
nize the vagina, can be the first step in the prevention of
further development of vaginal dysbiosis [21]. Jang et al.
[22] found that orally administered L. acidophilus GLA-
14 and L. rhamnosus HNOO1, in association with bovine
lactoferrin, were able to reach and colonize the vagina
in mice and attenuate bacterial vaginosis experimentally
induced in treated animals. In particular, it has been shown
that oral administration of the lactobacilli mixture was
more effective against G. vaginalis-induced BV than intra-
vaginal administration in mice. A previous clinical study
showed that oral administration of lactobacilli mixture
with bovine lactoferrin (Respecta®) led to a significant
increase in vaginal colonization by L. acidophilus GLA-14
and L. rhamnosus HNOOI in healthy women after 1 week
of treatment; on the contrary, the placebo did not increased
lactobacilli in the vagina of treated women. Interestingly,
the levels of both strains increased 1 week after the end of
oral probiotic intake, suggesting a prolonged persistence
of lactobacilli in the vagina [13]. In addition, Strus and
co-workers [21] showed also a significant vaginal coloni-
zation after oral administration of a lactobacilli mixture
containing L. fermentum 5TA, L. plantarum 57B, and L.
gasseri 57C.

Following vaginal colonization, lactobacilli can coun-
teract the proliferation of opportunistic or pathogenic
microorganisms by different ways. Lactobacilli compete
with other bacteria for both nutrients and adhesion sites
onto the vaginal epithelium. In addition, they exert antimi-
crobial activities by producing lactic acid, which decreases
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vaginal pH and produce soluble molecules including H,0,
and bacteriocins able to cause either microbicidal effects
by disrupting bacteria membrane or inhibiting the activ-
ity of enzymes (i.e. sialidases and prolidases) needed for
bacterial virulence [23, 24]. These characteristics must be
considered as key parameters to select strains for probiotic
vaginal therapy.

A recent in vitro study showed that L. acidophilus
GLA-14 and L. rhamnosus HNOO1, exert antimicrobial
effects against some pathogenic bacteria responsible for
lower genital tract infections by inhibiting the proliferation
of Gardnerella vaginalis, Atopobium vaginae, Staphylo-
coccus aureus and Escherichia coli [25]. The hypothesized
mechanism of action by which lactobacilli exert such an
effect against pathogenic bacteria could be linked to the
production of soluble antimicrobial compounds such as
bacteriocins and lactic acid. Most likely, an additional
mechanism by which lactobacilli reduce pathogen coloni-
zation is by competition and displacement on the vaginal
tissue. Jang et al. [22] showed that L. acidophilus GLA-
14 and L. rhamnosus HNOO1 significantly inhibited the
adherence of G. vaginalis to HeLa cells (a human cervical
cancer cell line) and pathogen growth in vitro. In addition,
the authors demonstrated that either oral or intravaginal
administration of a selected lactobacilli mixture, in com-
bination with bovine lactoferrin, significantly inhibited G.
vaginalis-induced epithelial cell disruption.

Abnormal vaginal microbiota (dysbiosis or intermediate
Nugent score) appears less resilient to disturbance/symp-
tom and more susceptible to disease. Ideally, ‘intermediate
microbiota’ condition represents a turning point from a
healthy status into BV, or conversely from BV to normal
condition. Interestingly, women having a disturbed micro-
biota (intermediate Nugent score 4—6) are in most cases
not treated with any antibiotic regimen because both the
lack of symptoms and clear guideline in regards of the
management of borderline situation. Considering that this
category represents a ‘pivot point’ and can eventually lead
to a serious range of complications including mid-trimes-
ter pregnancy loss, the ‘classic’ full-blown BV, a strategic
probiotic supplementation may represent a safe method to
re-establish a healthy vaginal environment.

The results from the current study indicate that the oral
intake of selected probiotics for a short time (i.e. 15 days)
increase significantly the vaginal levels of both lactobacilli
species, L. acidophilus GLA-14 and L. rhamnosus HNOO1
and confirm the results from the study of De Alberti et al.
[13]. This effect determines a significant regression of
Nugent score from intermediate towards a normal value
(0-3) and a resolution of symptoms such as itching and
vaginal discharge reported in women with symptomatic
vaginal dysbiosis.
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No significant reduction on vaginal pH was observed after
neither verum nor placebo treatment. Nevertheless, lactoba-
cilli/lactoferrin mixture oral intake induced a positive trend
towards lower pH values. This is not surprising considering
the baseline value of pH were found < 4.5 in both groups (i.e.
4.42 and 4.03 in verum arm and placebo arm, respectively)
and the short period of probiotic administration.

The results of this study suggest that oral supplementation
with probiotics proven to colonize vagina can be the first
step in the treatment of dysbiosis or intermediate Nugent
score. The resolution of all these forms of abnormal micro-
biota will be a major challenge for future treatment studies.
The new insights in the differential diagnosis of all types of
abnormal vaginal microbiota have created renewed interest
in screening and treating pregnant and non-pregnant women
to prevent acquisition of STI or pregnancy complications as
preterm labour [26].

Our results may suggest a potential risk reduction for
women with elevated Nugent score. Furthermore, the lack
of evidence-based clinical guidelines for the management
of these subtypes of abnormal vaginal microbiota, such as
intermediate Nugent score, needs to be addressed urgently.

The results found in this double-blind, placebo-controlled
randomized study suggest that the tested lactobacilli mixture
in combination with bovine lactoferrin may be a new candi-
date for vaginal dysbiosis and further studies are needed to
analyze similar protocols in women with vaginal infections
such as bacterial vaginosis or aerobic vaginitis.
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