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Abstract The purpose of this study was to evaluate the
effectiveness of lactobacilli on vaginal health and proin-
flammatory cytokines. Sixty-seven patients with bacterial
vaginosis (BV), 50 with intermediate flora and 42 with
normal vaginal flora were enrolled in this double-blind
study. The subjects were randomized to receive probiotic
lactobacilli vaginal tablets (L. brevis CD2, L. salivarius
subsp. salicinius, L. plantarum) or the vaginal pH tablet
(active comparator). Cervico-vaginal lavage was collected
to measure the concentrations of IL-1β, TNFα and IL-6 by
ELISA. Neutral sphingomyelinase activity was also quantified

in both arms before and after treatment. The probiotic vaginal
tablet was well tolerated and no side effects were reported. The
study demonstrated a cure rate of nearly 80 %; i.e., 32 % of the
women could restore normal vaginal flora and 47 % had
improved Nugent score, whereas 20 % of the subjects did
not clear BV in the first follow-up (after 8 days treatment).
The pH tablet containing pH lowering compounds induced
resolution of BV and restoration of normal vaginal flora in
74 % and 26 %, respectively. The lactobacilli tablet was
found to be better than the pH tablet in preventing BV in
healthy subjects. A significant reduction in IL-1β and IL-6
vaginal cytokines was observed after treatment with lacto-
bacilli, while the active comparator did not have any effect
on local proinflammatory cytokines. Vaginal neutral sphin-
gomyelinase activity was not modified in either group.
Vaginal tablets containing lactobacilli can cure BV and
reduce vaginal inflammatory response.

Introduction

The vagina and cervix are the first line of physical and
immunological defense against vaginal infections and sex-
ually transmitted diseases [1, 2]. The presence of potentially
pathogenic organisms including yeast, bacteria and viruses
initiate an immune reaction resulting in increased vaginal
secretion of immune stimulating molecules, irritation, vul-
var pruritis, and foul odor, although it may be symptomatic
or asymptomatic.

Bacterial vaginosis (BV) represents the most common
vaginal syndrome afflicting premenopausal and pregnant
women, with an incidence rate ranging from 10 % to 50 %
[3–6]. BV is a polymicrobial disorder characterized by an
overgrowth of strict or facultative anaerobic bacteria and a
reduction of lactobacilli particularly those producing hydro-
gen peroxide. The microflora of the female genital tract has
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been shown to be an important determinant of both HIV
acquisition and transmission [7, 8]. Studies have demon-
strated a two-fold increase of HIV infection in women
affected by BV and this effect has been attributed to lack
of H2O2-producing lactobacilli, high vaginal pH and in-
creased proinflammatory cytokines such as interleukin
(IL)-1β and IL-6 [9, 10]. BV has also been associated with
an increased risk for preterm delivery and chorioamnionitis,
but antibiotic trials to treat BV before and during pregnancy
have not resulted universally in a lowering of the risk for
preterm delivery [11–13]. Therefore, it has been hypothe-
sized that preterm delivery may not be only related to BV
per se but rather to an inflammatory immune response,
which may not diminish with treatment for infection [14].
BV is associated with higher concentrations of vaginal pro-
inflammatory cytokines, especially IL-1β and IL-8 among
both non-pregnant and pregnant women, which have been
linked with preterm delivery [15–18].

Acidity of the vagina has long been understood to be a
protective mechanism, not only eliminating the volatiliza-
tion of amines, thus reducing fishy odor, but also making the
vaginal environment unfavorable for colonization of bacte-
rial pathogens and restoring lactobacilli as dominant mem-
bers of healthy flora. Treatment of BV patients through
normalization of vaginal pH by administration of probiotic
lactic acid bacteria through production of lactic acid or by
administration of lactic acid solutions [19] or gels, ascorbic
acid tablets [20], etc., have been shown in many studies, but
the role of these agents in vaginal immunity remain to be
determined.

Women in India have higher concentration of cervicova-
ginal IL-1β, IL-6 and tumor necrosis factor (TNF)-α com-
pared to reports from other parts of the world [21].
Moreover, a high proportion of women (73 %) have high
vaginal pH associated with higher cervicovaginal IL-1β and
TNF-α response irrespective of their vaginal flora status
[21]. Thus, a large proportion of women might remain
susceptible to increased HIV infection owing to decreased
acidity, increased proinflammatory cytokines and increased
lymphocyte activation due to high pH and therefore in-
creased target cells for HIV.

Therefore, a change of bacterial composition in the vagi-
na should be accompanied with diminished inflammatory
cytokine response and lower pH. Given the fact that lacto-
bacilli demonstrate immunomodulatory activities in gut, it is
plausible to believe that lactobacilli will have immunomod-
ulatory effects at local sites such as the vagina [22]. More-
over, neutral sphingomyelinase (NSmase), a key regulatory
enzyme of sphingolipid metabolism, plays a significant role
in cell membrane organization and has been implicated in
HIV infection [23]. It would be interesting to demonstrate if
probiotic preparations would have any effect on local proin-
flammatory cytokines, vaginal health including vaginal flora

and vaginal pH. In the present, randomized, double-blind
study, we evaluated the effect of a probiotic lactobacilli
tablet containing a blend of Lactobacillus brevis CD2, Lac-
tobacillus salivarius subsp. salicinius and Lactobacillus
plantarum vs pH lowering tablet on vaginal health and
cervicovaginal proinflammatory cytokines (IL-1β, IL-6,
and TNF-α).

Materials and methods

Study design

This study was a randomized, double-blind study conducted
in a single center, NIN (National Institute of Nutrition,
Indian Council of Medical Research), Hyderabad from June
2008 to December 2009.

Participants

Non-HIV, non-pregnant, sexually active women, living
with husband, aged 20–40 years were recruited from
urban slums after signed informed consent. The criteria
for including subjects in the study were 8th to 10th day
of menstrual cycle, absence of bleeding during examina-
tion, non-utilization of oral antibiotics or contraceptives
or vaginal medication in the last 10 days and no sexual
intercourse for the last 2 days before sample collection.
All enrolled women denied using douches or tampons
and were non-smokers. General and gynecological exami-
nations were done to evaluate general health. The study
was conducted in accordance with the Declaration of
Helsinki and current Good Clinical Practice and was
approved by Institute Ethics Committee, NIN.

Intervention

The test preparation consisted of probiotic vaginal tablet
“Florisia™” (lactobacilli tablet) or a pH lowering vaginal
tablet (pH tablet). The lactobacilli tablet contained at least
109CFU of viable lactobacilli (a blend of L. brevis CD2, L.
salivarius subsp. salicinius and L. plantarum) with exci-
pients, namely, starch, lactose, ascorbic acid, sodium bicar-
bonate, adipic acid, stearic acid and magnesium stearate).
The pH tablet contained all excipients except the blend of
probiotic strains. Both the vaginal tablets were similar in
color and appearance and were packed in identical strips.
Treatment consisted of one lactobacilli tablet or pH tablet
inserted into the vagina daily at bedtime for 8 days. Florisia
and pH tablets were supplied in cold conditions (4–8 °C) by
CD Pharma India (Pvt. Ltd), which were maintained at 4–8 °C
in a refrigerator before dispensing to subjects. Compliance
to treatment was ensured by project staff by regular
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follow-up through phone as well as visiting each study
subject at their place during the course of treatment. The
subjects were asked to return empty packs to confirm
compliance.

Adverse events

All observed or reported adverse events regardless of
treatment group or suspected causal relationship to
study drug were recorded on the adverse events page
of the case report form. Abnormal findings and clini-
cally significant changes such as abdomen pain, bleed-
ing or discharge per vagina or local irritation or itching
were evaluated on clinical and physical examination as
part of adverse events.

Sample size calculation

The primary outcome measure was cure of BV as mea-
sured by Nugent score and sample size was calculated
based on the primary outcome. The secondary outcome
measure was effect of probiotic on proinflammatory
cytokines for which sample size was not calculated
due to lack of data in this area.

Expecting 50 % reduction in BV with treatment, a total of
28 subjects would be required in each group to study the
effect of treatment at 5 % significance level and 80 % power.
Expecting 10 % lost to follow-up, 30 patients with BV was
arrived at for each group.

Randomization

Sequence generation

The random numbers were generated by computerized ran-
dom number. The randomization list and numbered packing
of the intervention was prepared by a person not involved in
the study. Randomization was performed using permuted
blocks of 10.

Allocation concealment

All the randomization numbers were concealed in separate
envelopes and marked by patient number on the outer
envelope.

Implementation

The randomization was performed by staff not involved
with the study. The intervention was provided to the
center. Patients were assigned the same serial number
(corresponding to the randomization code on the sealed
envelope) of the intervention.

Blinding

The individual sealed envelope method was used to main-
tain blinding of the investigators and study participants.

Study assessments

On visit 1, day 1, screening, randomization and begin-
ning of the 8-day treatment took place. This involved
informed consent and enrolment of patients as per the
inclusion and exclusion criteria. Demographics and med-
ical history concerning previous history of reproductive
tract infections and any chronic disease were assessed at
baseline. After pelvic and speculum examination, swabs
were collected for gram stain and cervicovaginal wash
for cytokine estimation.

On visit 2, day 9, was the end of treatment. Tolera-
bility of the vaginal tablets was evaluated subjectively
by the investigator. After pelvic and speculum examina-
tion swabs and cervicovaginal wash were collected for
gram stain and cytokine estimation and sphingomyeli-
nase assay.

Bacterial vaginosis by Nugent's score Vaginal swabs for
gram staining were obtained by a gentle rotation of a
Dacron swab within the posterior fornix. Ayre’s spatula
was used to collect samples for pH determination and
amine odor. BV and intermediate flora were diagnosed
based on Nugent’s score [24]. Three different bacterial
morphotypes-lactobacilli, Gardnerella-like species (in-
cluding G. vaginalis, Bacteroides species, Prevotella
species, and Porphyromonas species), and Mobiluncus
species were quantitatively evaluated according to the
Nugent’s score method [24]. Women with Nugent scores
of 0–3 were categorized as normal flora. Women with
scores of 4–6 were classified as intermediate flora and
women with Nugent score ≥7 were enrolled as BV.

Bacterial vaginosis by Amsel's criteria The clinical criteria
reported by Amsel [25] for diagnosing bacterial vaginosis
were also evaluated: thin homogeneous discharge, vaginal
pH greater than 4.5, positive “whiff” test or release of amine
odor after addition of 10 % KOH, and clue cells on micro-
scopic evaluation. The presence of any three of the four
Amsel criteria confirms BV.

Cytokines assay Quantitative Milliplex™ human cytokine
kits (Millipore International, MA, USA) were used to
measure the concentrations of TNF-α, IL-1β and IL-6
in the cervico-vaginal lavage (CVL). After testing the
assay kit according to the manufacturer’s instructions, a
dilution factor was necessary to measure the cytokines.
Lower limits of detection for IL-1β, IL-6 and TNF- α
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were 0.4, 0.3 and 0.1 pg/ml, respectively. All samples and
controls were assayed in duplicate. The intra-assay and inter-
assay coefficients of variation of IL-1βwere 6.1 % and 7.0 %,
respectively; for IL-6 they were 8.1 % and 11.6 %, respec-
tively; and for TNF-α, they were 10.5 % and 15.9 %, respec-
tively. All the three cytokines analyzed were above the lower
limit of detection range.

Sphingomyelinase assay Neutral sphingomyelinase concen-
tration in the vaginal wash samples was assessed by fluo-
rimetry method [26] using Amplex Red kit (Invitrogen) and
the activity was expressed as milliunits/mg protein/hr.

Statistical analysis

Since the data were skewed, log transformation was
performed to analyze continuous variables. Two way
repeat measure ANOVA F-test was performed to assess
interactions over time. ANOVA was used for descriptive
data. To evaluate the associations of different variables
on the cytokine concentration of lavage samples we
used multiple linear regression models. A p-value of
0.05 or less was considered statistically significant and
a p-value of 0.001 or less was considered highly statis-
tically significant. Statistical analysis was performed
using SPSS statistical software version 19.0 (SPSS Inc,
Chicago, IL, USA).

Results

Evaluation of the effectiveness of lactobacilli on the vaginal
health and proinflammtory cytokines

One hundred eighty-nine subjects were screened, of whom
30 were excluded as they did not fulfill inclusion criteria
(Fig. 1). Of the 159 women, 67 with bacterial vaginosis
(BV) (Nugents’ score≥7), 50 with intermediate flora (IF)
(Nugents’ score 4 –6) and 42 with normal vaginal flora
(NVF) (Nugents’ score 1–3) participated in the trial. Of the
67 patients with BV, 37 were randomly assigned to receive
the lactobacilli tablet and 30 to the pH tablet. There were six
dropouts from the BV group (did not return for next visit)
leaving 61 evaluable patients (lactobacilli tablet, n034; pH
tablet, n027). Of the 50 IF cases, 23 were randomized to
receive the lactobacilli tablet and 27 were randomized to
receive the pH tablet. With two dropouts we had 48 evalu-
able cases of IF (lactobacilli tablet, n021; pH tablet, n027).
Of the 42 women with NVF, 22 were randomly assigned to
receive the lactobacilli tablet and 20 to receive the pH tablet.
There were three dropouts from this group leaving 39 evalu-
able subjects (lactobacilli tablet, n020; pH tablet, n019).
Abnormal findings and clinically significant changes such
as pain abdomen, bleeding or discharge per vagina or local
irritation or itching were evaluated on clinical and physical
examination. The vaginal tablet containing three strains of

Fig. 1 Flow of patients in the lactobacilli tablet group (a) and pH tablet group (b)
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lactobacilli or the pH tablet used in the present study
were well tolerated and no side effects were reported.
Baseline characteristics of women, randomly assigned to
lactobacilli tablet or pH tablet, were demographically
and clinically similar (Table 1). The mean body mass
index (BMI) (21.0) was similar in women with or
without BV and one third of the women in the study
had less than 18.5 kg/m2 BMI.

The data in Table 1 depict the vaginal health of
women treated locally with lactobacilli tablet/ pH tablet,
irrespective of their baseline BV status (includes women
with BV, intermediate flora and normal vaginal flora).
At the end of treatment (9th day), the proportion of
subjects with vaginal pH>4.5 reduced in the lactobacilli
treated group, while there was an increase in the pH
tablet group; however these differences were not signif-
icant. Mean Nugent’s score and proportion of women
with Amsel’s criteria (positive for BV) decreased signif-
icantly at the end of treatment in both the lactobacilli
tablet group and the pH tablet group; however, more
significant change was observed in the lactobacilli trea-
ted group. Of the total 82 subjects treated with lactoba-
cilli tablet, 37 patients had BV at day 0 (37/82). After
8 days treatment with lactobacilli tablet, the proportion
of patients with BV (8/75 and 7 lost to follow-up)
reduced significantly (p<0.0001). In the pH tablet-
treated group, there were 30 patients with BV (30/77)
at day 0, and after 8 days treatment 12 (12/73) patients

continued with BV (p00.004) (4 subjects were lost to follow-
up). Moreover, significantly (p00.007) higher proportion of
subjects achieved normal vaginal flora in the lactobacilli
treated group as compared to the pH tablet group (Table 1).
Subjects with Clue cells, known to be associatedwith bacterial
vaginosis reduced significantly (p00.01) after treatment in the
lactobacilli tablet group, while in the pH tablet group there
was no significant change. No improvement was observed in
the subjects with vaginal discharge, vaginal candida infection
or leucorrhea with either of the interventions; though, the
proportion of women with vaginal WBC (leucorrhea) reduced
non-significantly in the lactobacilli group.

Figure 2 depicts the effect of local lactobacilli/ pH
lowering tablet on BV (intergroup analysis) at follow-up
visit (after 8 days treatment) in women with BV at
baseline. Out of 37 BV patients in the lactobacilli
tablet-treated group, three patients were lost to follow-
up and therefore data was available for 34 patients on
both day 0 and day 9. Nearly 80 % had improved
vaginal flora after treatment. However, 20 % of the
women with BV at baseline continued with BV after
treatment. In the pH tablet group, of 30 patients with
BV, three patients were lost to follow-up, and therefore
data for 27 patients was analyzed on both day 0 and
day 9. A total of 26 % continued to have BV after
treatment with the pH tablet. Moreover, 32 % and 26 %
attained NVF in the lactobacilli treated group and pH
tablet group, respectively, after treatment.

Table 1 Baseline characteristics of subjects and outcome on day 9

Variable Lactobacilli tablet pH tablet

Before treatment After treatment p-value Before treatment After treatment p-value

> 4.5 pH 75.0 % 66.6 % NS 66.6 % 72.6 % NS
62/82 50/75 50/75 53/73

Mean pH 4.9±0.573 4.7±0.506 NS 4.8±0.564 4.76±0.529 NS

Mean Nugent’s score 5.5±0.76 3.6±1.62 0.001 5.5±0.76 4.13±1.87 0.01

Amsel’s criteria (positive) 70.7 % 50.6 % 0.02 63.3 % 42.4 % 0.05
(58/82) (38/75) (50/77) (31/73)

Bacterial vaginosis (BV) positive (Nugent score≥7) 45.1 % 10.6 % < 0.0001 38.9 % 16.4 % 0.004
37/82 8/75 30/77 12/73

Normal vaginal flora (Nugent score≤3) 26.8 % 48 % 0.007 25.9 % 39.7 % NS
22/82 36/75 20/77 29/73

Women with Clue cells 71.6 % 50.6 % 0.01 71.4 % 57.5 % NS
(58/81) (38/75) (55/77) (42/73)

Women with vaginal WBC cells >5 (leucorrhea) 23.2 % 16 % NS 15.5 % 20.5 % NS
(19/82) (12/75) (12/77) (15/73)

Vaginal Candida infection 40.7 % 44 % NS 35.1 % 38.3 % NS
33/81 33/75 27/77 28/73

Plus-minus values are mean ± standard deviation (SD). Intergroup comparisons of the above variables was comparable at baseline. Mean Nugent’s
score at baseline: Lactobacilli tablet group vs pH tablet group (p-value not significant [NS]). Amsel’s criteria (positive) at baseline: Lactobacilli
tablet group vs pH tablet group (p-value 0 NS). BV positive (Nugent score≥7) at baseline: Lactobacilli tablet group vs pH tablet group (p-value0
0.432, Pearson chi-square). Normal vaginal flora (Nugent score≤3) at baseline: Lactobacilli tablet group vs pH tablet group (p-value 0 NS)
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Figure 3 depicts the effect of 8-day administration of
local lactobacilli/ pH tablet on subjects with NVF at
baseline. A significantly higher proportion (p00.014)
of subjects retained NVF following treatment with lac-
tobacilli tablet in comparison to the pH tablet group. In
the lactobacilli treated group, none of the subjects with
NVF at baseline developed BV during treatment; how-
ever one subject had intermediate flora after treatment.
In the pH tablet-treated group, 32 % of women with
NVF at enrollment shifted to intermediate vaginal flora
and one subject was BV positive at follow-up visit.

Figure 4 depicts the proinflammatory cytokines IL-1β, IL-
6 and TNF-α before and after the treatment in subjects with
NVF at recruitment. The mean and SD of IL-1β at baseline
was 88.69±125.71 and 69.48±114.06 pg/ml in lactobacilli
and pH tablet groups, respectively. IL-6 was 268.70±345.50
and 321.13±658.32 pg/ml; and TNF-α was 21.66±

44.96 and 12.79±17.26 in the lactobacilli and pH tablet
groups, respectively. There was a significant reduction
in IL-1β (p<0.001) and IL-6 (p00.015) at the end of
treatment in the lactobacilli group, but no significant
change was observed in TNF-α levels. However, in
the pH tablet group, there were no significant changes
in levels of any of the proinflammatory cytokines.

Neutral sphingomyelinase (NSmase) activity ranged
from 1.0 to 1030 milliunits/mg protein/hr and was sim-
ilar in women with or without BV. NSmase activity was
not altered with lactobacilli or pH tablet treatment.

Discussion

This study investigated the effect of vaginal administration
of pH adjustment and lactobacilli tablets on BV and other

Fig. 2 Distribution of subjects
with bacterial vagnosis (BV) at
baseline. Between group differ-
ences (Lactobacilli tablet vs pH
tablet) after treatment were
compared by Pearson's chi-
squared test. Within group dif-
ferences (BV subject vs non-
BV subjects) after treatment
were analysed using binomial
test

Fig. 3 Distribution of subjects
with normal vaginal flora
(NVF) at baseline. Between
group differences (Lactobacilli
tablet vs pH tablet) after treat-
ment were compared by Pear-
son's chi-squared test. Within
group differences (subjects
retaining NVF vs subjects not
able to retain NVF) after treat-
ment were analysed using bi-
nomial test

3102 Eur J Clin Microbiol Infect Dis (2012) 31:3097–3105



parameters indicative of vaginal health. Since pH and cervi-
covaginal inflammatory cytokines are increased in BV, cure
of BV should be accompanied with normalization of pH and
reduction in inflammatory response. With this assumption
we ascertained the effect of lactobacilli on BV and local
proinflammatory cytokines.

The present study demonstrated a BV cure rate of
nearly 80 %; i.e., 32 % of Lactobacillus-treated women
could restore normal vaginal flora, 47 % had interme-
diate flora, and 20 % of the subjects did not clear BV
in the follow-up visit. This is in contrast to what had
been reported earlier with similar preparation. In the
earlier study with Florisia (lactobacilli tablet), all the
patients were free of BV at the end of treatment and
83 % had normal vaginal flora [27]. The reason for
lower efficacy in the present study is not clear, but
women in this study were more frequently undernour-
ished and had very poor hygiene practices that could
have affected the outcome. Since the pH tablet used in
the present study contained pH lowering compounds,
there was substantial effect on the vaginal flora with pH tablet.
Although treatment of BV with pH-lowering compounds has
been reported to be successful in some studies, other trials
have shown vaginal acidification to be ineffective treatment
for BV [28, 29]. The pH tablet used in the present study had
substantial effect on BV cure, though to a lesser extent when
compared to the lactobacilli tablet.

Earlier studies have shown increased vaginal IL-1β,
impaired innate mucosal immunity and increased pro-
duction of sialidase and prolidase in BV-affected women
[30, 31]. Given the fact that increased levels of siali-
dase, prolidase and IL-1β alter mucosal protective fac-
tors, successful treatment of bacterial vaginosis should
also aim at lowering inflammation in the lower repro-
ductive tract. It was interesting to note significant re-
duction in IL-1β and IL-6 proinflammatory cytokines
with lactobacilli treatment in the present study. To our
knowledge this is the first study demonstrating the anti-
inflammatory effect of local lactobacilli treatment.

The mean vaginal pH was similar to that reported in wom-
en of other ethnic groups [32]. A large proportion of women
had high vaginal pH, which was associated with inflammatory
cytokines in our earlier study [21]. Though the probiotic tablet
showed considerable effect on proinflammatory cytokines, it
had no significant effect on the mean vaginal pH.

While acid Smase has been shown to induce virulence
and inflammation, neutral Smase has been demonstrated to
be anti-inflammatory [26–33]. In our earlier study acid
Smase activity was higher in women with BV; however, in
the current study the neutral Smase activity was similar in
women with or without BV and was not affected by lacto-
bacilli treatment [21]. The vaginal tablet containing three
strains of lactobacilli used in the present study was well
tolerated and no side effects have been reported, which was
similar to the earlier findings. These strains have been
chosen for their ability to adhere and colonize at high levels;
but this is primarily because the preparation when used in
Italy achieved a cure rate in the lower range of typical
pharmacological therapies [27]. However, as suggested ear-
lier, longer and repeated treatments could be indicated for
better outcome.

Major drawbacks include not attempting to isolate lactoba-
cilli strains used for the treatment, which could have actually
monitored the treatment effect. The strengths of the study are
its large sample size, restricted use of agents (oral or
external contraceptives, douches, etc.) or means (coitus)
that can alter the vaginal environment and the homog-
enous hormonal status (sample collection was restricted
to 9th and 10th day of the cycle) of the enrolled
women that could have influenced the results. More-
over, to our knowledge this is the first study demon-
strating the beneficial effect of lactobacilli treatment on
local proinflammatory cytokines. A more complete un-
derstanding of the effect of lactobacilli on local and
systemic inflammation would be useful in designing
strategies to control BV thus reducing the pathological
conditions associated with the alteration of the vaginal
microbiota.

Fig. 4 Effect of lactobacilli tablet on subjects with normal vaginal floral (NVF) at baseline. Within group differences (cytokine levels before and
after treatment) were analysed using Wilcoxon signed rank test
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