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Abstract Whether or not treatment with antibiotics or pro-
biotics for bacterial vaginosis (BV) is associatedwith a change
in the diversity of vaginal microbiota in women was investi-
gated. One hundred fifteen women, consisting of 30 healthy
subjects, 30 BV-positive control subjects, 30 subjects with BV
treated with a 7-day metronidazole regimen, and 25 subjects
with BV treated with a 10-day probiotics regimen, were
analyzed to determine the efficacy and disparity of diversity
and richness of vaginal microbiota using 454 pyrosequencing.
Follow-up visits at days 5 and 30 showed a greater BV cure
rate in the probiotics-treated subjects (88.0 and 96 %, respec-
tively) compared to the metronidazole-treated subjects (83.3
and 70 %, respectively [p00.625 at day 5 and p00.013 at day

30]). Treatment with metronidazole reduced the taxa diversity
and eradicated most of the BV-associated phylotypes, while
probiotics only suppressed the overgrowth and re-established
vaginal homeostasis gradually and steadily. Despite signif-
icant interindividual variation, the microbiota of the actively
treated groups or participants constituted a unique profile.
Along with the decrease in pathogenic bacteria, such as
Gardnerella, Atopobium, Prevotella, Megasphaera, Corio-
bacteriaceae, Lachnospiraceae, Mycoplasma, and Sneathia,
a Lactobacillus-dominated vaginal microbiota was recovered.
Acting as vaginal sentinels and biomarkers, the relative abun-
dance of Lactobacillus and pathogenic bacteria determined
the consistency of the BV clinical and microbiologic cure
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rates, as well as recurrent BV. Both 7-day intravaginal
metronidazole and 10-day intravaginal probiotics have
good efficacy against BV, while probiotics maintained
normal vaginal microbiota longer due to effective and
steady vaginal microbiota restoration, which provide new
insights into BV treatment.

Introduction

Bacterial vaginosis (BV) is the most common disorder in
women of reproductive age. BV can be microbiologically
characterized by replacement of the lactobacilli-predominant
vaginal microbiota by potential pathogenic vaginal bacteria
[1]. The change from a healthy, H2O2- and lactic acid-
producing lactobacilli-dominated microbiota to a complex
multispecies microbiota can occur relatively quickly and
result in BV [2, 3]. Our previous studies have profiled
the overall structure of vaginal communities and clearly
demonstrated that BV is associated with a dramatic increase in
the taxonomic richness and diversity of vaginal microbiota
[1, 4]. The dramatic shifts in vaginal microbiota contribute
to pH elevation and sialidase and amine production,
which eventually lead to the observed signs and symptoms
[1, 5].

The current recommended treatment of BV includes met-
ronidazole (oral or vaginal) or clindamycin (vaginal) [6, 7];
however, the short-term (30 days) cure rate is often poor and
recurrences are common [5, 8–10]. Recently, probiotic ther-
apy has been shown to be effective against BVand confers a
range of other health benefits [11, 12]. The increased dom-
inance of lactobacilli after active treatment has been shown
to be effective in assessing the normality or “health” of the
vaginal microbiota [5]. The diversity and richness of the
vaginal microbiota after short-term treatment might also
affect the long-term efficacy against BV. Fredricks et al.
used quantitative polymerase chain reaction (qPCR) assays
to assess the vaginal-predominant microbiota in BV patients
after metronidazole treatment and showed that BV-associated
bacteria decreased dramatically [15]. Of note, the details
of the overall structure of the vaginal microbiota after
treatment with metronidazole or probiotics have not been
thoroughly investigated.

In the present clinical cohort study, living preparations of
Lactobacillus delbrueckii subsp. lactis DM8909 were used
to treat women with symptomatic BV vaginally, while met-
ronidazole was used as a control. To characterize the vaginal
microbiota after treatment, we characterized the overall
structure of the vaginal microbiota using 454 pyrosequenc-
ing. These results were helpful in clarifying the efficacy of
probiotics on BV and the effects of probiotics on the diver-
sity of vaginal microbiota, thus providing new insights into
BV treatment.

Materials and Methods

Probiotics

L. delbrueckii subsp. lactis DM8909, derived from a healthy
gut, was identified by the Institute of Microbiology of the
Chinese Academy of Science. L. delbrueckii subsp. lactis
DM8909, which was used in the current study, does not
contain a plasmid and has been used and approved as a
probiotics by the Food and Drug Administration of China
since 2001. Each suppository contained at least 109

colony-forming units of live Lactobacillus, can produce
various anti-infective agents, including lactic acid and
H2O2, and is able to co-aggregate efficiently with vaginal
pathogens. It is also able to adhere to human epithelial cells at
high levels and exert colonization resistance to displace vag-
inal pathogens.

Study Population

A clinical cohort trial was conducted to compare intravagi-
nal metronidazole (500 mg once daily at bedtime for 7 days
[BV-M group]) and an intravaginal probiotic Lactobacillus
capsule (once daily at bedtime for 10 days [BV-L group]) in
the treatment of BV. One hundred ninety-one women, con-
sisting of 121 women actively treated for BV, 30 BV-
positive controls before treatment, and 40 healthy controls
(CN group) who presented to our hospital for routine gyne-
cologic examinations between July 2010 and June 2011, were
recruited in the treatment trial. Informed written consent was
obtained from all participants prior to enrollment, with ap-
proval of the Ethics Committee of the First AffiliatedHospital,
College ofMedicine, ZhejiangUniversity (Zhejiang Province,
China). Individuals who participated in this study were exam-
ined by two gynecologists. BV status was assessed using the
Amsel clinical criteria for all subjects [16] and confirmed
using Gram stain criteria (Nugent scores) [17]. The inclusion
and exclusion criteria for these patients were shown in detail
in Supplementary Information Materials and Methods as pre-
viously described [1, 18].

Therapy was initiated after the enrollment visit or imme-
diately after the end of menstruation if menses were
expected within a 7-day period. One hundred twenty-one
BV-positive women were randomized to treatment with
intravaginal metronidazole (n068) and intravaginal probi-
otics (n053, Fig. 1), while 40 healthy controls were not
treated. All participants were asked to avoid sexual inter-
course and vaginal douching during treatment. Among the
participants, 55 BV-positive women (BV-M [n030] and BV-
L women [n025]) and 30 CN women completed two men-
strual cycles and had vaginal swabs for Nugent scoring and
bacterial diversity analysis. Samples were obtained 5 and
30 days after the last treatment in the three groups, and
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vaginal swabs were collected from 30 BV-positive women
(BV group) during the same time period, which were used
as positive controls. The BV participants with clinical cures
were evaluated according to Amsel criteria in combination
with Nugent scores (<4). The clinical data for each partici-
pant are shown in Table S1.

Diversity and Richness of Vaginal Microbiota Analysis

When women underwent genital examinations before and
after treatment, vaginal swabs were obtained near the mid-
vagina using a sterile swab from each woman, packaged,
and placed in ice packs. BV status was assessed with the
Amsel clinical criteria and Nugent scoring system; the vag-
inal swabs used for bacterial genomic DNA extraction were
transferred to the laboratory in an ice box immediately and
stored at −80 °C after preparation within 15 min for further
analysis. One hundred fifteen samples obtained from the
first follow-up after treatment were used to determine the
bacterial diversity of vaginal microbiota. The methods for
total bacterial genomic DNA extraction, PCR amplification,
qPCR, 454 pyrosequencing, and statistical analysis were
performed as described in our previous studies [1, 19] (see
Supplementary Information Materials and Methods).

Accession Numbers

The sequence data have been deposited in the GenBank
Sequence Read Archive with accession number SRP007938.

Results

Clinical Outcome

Of the 121 BV patients enrolled in the current study, 55 who
completed the two follow-up visits could be evaluated for
efficacy. Of the 55 participants, 22 of 25 patients (88.0 %)

were cured with Lactobacillus, compared with 25 of 30
patients (83.3 %) who were cured with metronidazole (p0
0.625) at the first follow-up visit based on the Amsel criteria
and Nugent scoring criteria. The Lactobacillus and metro-
nidazole treatment groups were similar with respect to over-
all clinical outcomes. Both metronidazole and probiotics
rapidly relieved the clinical signs and symptoms of BV, such
as vaginal discomfort, elevated pH, and homogeneous mal-
odorous vaginal discharge, and the Nugent scores were <4
(Table S1). At the second follow-up visit during the next
menstrual cycle, only four women in the BV-M group and
one woman in the BV-L group had clinically persistent BV;
however, 5 of 25 clinically cured women in the BV-M group
relapsed, while no relapses occurred in the BV-L group
(p<0.05; Table 1). Our result indicated that a 10-day regimen
of Lactobacillus DM8909, administered as an intravaginal
suppository, was as effective as a 7-day regimen of vaginal
metronidazole (500 mg) in the treatment of BV, with no
recorded relapses.

Fig. 1 Randomization and
follow-up of participants

Table 1 Summary of clinical outcome after actively treated with
metronidazole or Lactobacillus

Follow-up
visit

Clinical
status

No. (%) of patients evaluateda pb

Lactobacillus
treatment
group (n025)

Metronidazole
treatment
group (n030)

1st
(5-day)

Cured 22 (88.0 %) 25 (83.3 %) 0.625

Clinical failure 3 (12.0 %) 5 (16.7 %)

2nd
(30-day)

Cured 24 (96.0 %) 21 (70.0 %) 0.013

Clinical failure 1 (4.0 %) 9 (30.0 %)

Relapsedc 0 (0/22, 0.0 %) 5 (5/25, 20.0 %)

a As defined by Nugent scoring
b Based on chi-square test
c None clinically cured cases (0/22) in the Lactobacillus treatment
group and five clinically cured cases (5/25) in the metronidazole
treatment group relapsed in the second follow-up visit
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Different Diversity of Vaginal Microbiota After Treatment

Table S2 summarizes the indices of vaginal bacterial diver-
sity based on the operational taxonomic units (OTUs) esti-
mated and clearly showed that bacterial diversity in the BV-
M group and BV-L group was much more complex than the
CN group, while less complex than the BV-positive control
group (p<0.05). Our data also showed that the vaginal
bacterial diversity in the BV-L group was significantly dif-
ferent from women in the BV-M group (p<0.05). By

rarefaction analysis estimates, the trend for species richness
was as follows: BV-L > BV > BV-M > CN (Fig. 2a). In the
four groups, a long tail in the rank abundance curves was
observed, indicating that the majority of OTUs was present
at low abundance (Fig. 2b). The vaginal bacterial commu-
nities in each group were grouped according to community
composition using UniFrac metrics (Fig. 2c). The clustering
was complemented by an analysis of bacterial richness
using the number of shared and unique OTUs in the four
groups (Fig. 2d), indicating that a core microbiome existed

Fig. 2 Rarefaction curves were used to estimate richness (in this
case the number of taxa at a 3 % dissimilarity level) among CN, BV,
and BV treated with metronidazole and Lactobacillus groups at the
first follow-up visit (at day 5) (a). The vertical axis shows the
number of OTUs that would be expected to be found after sampling
the number of tags or sequences shown on the horizontal axis. Rank
abundance curve of bacterial OTUs derived from four groups (b).
Differentiation in vaginal bacterial communities from CN, BV, and
BV treated with metronidazole and Lactobacillus groups at the first
follow-up visit (at day 5) and 115 individual samples. Community

differentiation was measured by using the unweighted UniFrac algo-
rithm; the scale bar indicates the distance between clusters in Uni-
Frac units. All of the branch nodes shown here were found to be
significant (p<0.001), indicating that BV, CN, and two BV-treated
groups harbored distinct bacterial communities, while BV-treated
groups showed significant microbiota restoration (c). Venn diagram
representation of the OTU richness shared among bacterial 16S
rRNA gene libraries from the four groups. Total observed richness
was 6,143 OTUs at 97 % similarity. Percentages reflect those OTUs
unique to that group (d)
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in healthy vaginas. Principal coordinates analysis (PCA)
showed that two BV actively treated samples and healthy
control samples clustered more tightly than the BV-positive
control, although several clinically persistent BV actively
treated samples clustered into the BV-positive control group
(Fig. 3c).

Lactobacilli-Dominant Vaginal Microbiota After Treatment

The total number of unique sequences from the vagina
was 33,722, which was assigned into seven phyla, while
Actinobacteria, Bacteroidetes, Firmicutes, and Fusobacte-
ria constituted the dominant phyla (Fig. 3b). In the devel-
opment of BV, the vaginal bacterial profiles could change
quite rapidly and extensively from a profile in which
members of the Firmicutes, especially lactobacilli, domi-
nate to a profile with a high abundance of Bacteroidetes,
Fusobacteria, and Actinobacteria members, while reversal
of the composition of vaginal microbiota indicated the
recovery of BV after treatment (Fig. S1A). At the genus
level, sequences from the four groups represented 161
different genera (Table S3). Figure 3a shows that 28
genera constituted >99 % of the vaginal microbiota, while
other rare minor genera accounted for <1 % of the vaginal

microbiota, which confirmed the rank abundance curve in
Fig. 2b. Specifically, the nearly equivalent change in trends in
the BV-M and BV-Lwomenwere an increase in Lactobacillus
and a decrease in Gardnerella, Atopobium, Coriobacteria-
ceae, Megasphaera, Gemella, Lachnospiraceae, Sneathia,
Prevotella, and Mycoplasma (Fig. S1B) [1]. In agreement
with the clinical outcome, the higher relative abundance
of Lactobacillus after active treatment was one of the
most important parameters for restoration of normal
vaginal homeostasis; however, there were also dramatic
interindividual variations among these samples, especial-
ly for BV-positive controls and BV-L participants (Fig.
S2A, B). The predominant bacteria of the vaginal
microbiota in women who were clinically cured of BV
and those with clinically persistent BV following one
short-term treatment are presented in Fig. 4. The relative
abundance of predominant bacteria in the BV-M group
was more concentrated and much more dispersed in the
BV-L group. Verifying the results of pyrosequencing by
qPCR, our data showed more abundant total bacteria
and Lactobacillus crispatus subgroups colonized in the
BV-L group, while Lactobacillus iners was the most predom-
inant bacteria in the BV-M group at the first follow-up visit
(Table S4).

Fig. 3 The relative abundance of vaginal bacterial V3 tags obtained
by pyrosequencing from CN, BV, and BV treated with metronida-
zole and Lactobacillus at the first follow-up visit (at day 5), by
genus (a) and by phylum (b). Phylogenetic classification for the

pyrosequencing analysis obtained from Ribosomal Database Project
Classifier analyses. PCA of vaginal bacterial communities among
four groups obtained by pyrosequencing and performed using R
program (c)
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Discussion

The results of the current clinical cohort trial suggest that
metronidazole and the probiotics, L. delbrueckii subsp. lactis
DM8909, can cure BV by >80 % after short-term treatment.
Both agents can be used to treat BV. The vaginal microbiota
plays an important role in determining the efficacy of agents
for BV. With the next generation of high-throughput sequenc-
ing techniques, most of the clinically cured subjects could
restore lactobacilli-dominant vaginal microbiota and maintain
vaginal homeostasis over a relative long period. However, the
overall structure of vaginal microbiota was different after
treated with metronidazole and probiotics, including the di-
versity, composition, and richness, which might be ascribed to
the different antimicrobial mechanisms. For the first time, we
have characterized the disparity of vaginal microbiota after
BV treatment in depth.

As an antimicrobial agent, metronidazole has been used
extensively for the management and prophylaxis of anaero-
bic infections, including symptomatic BV [7]. Notably, the
relative abundance of lactobacilli increased with recovery,
coinciding with a decrease in the members of Actinobacte-
ria, Bacteroidetes, and Fusobacteria, indicating a tendency
for lactobacilli-dominant vaginal microbiota restoration. En-
dogenous lactobacilli, such as L. iners, become the predom-
inant bacteria of the vaginal microbiota after treatment;
however, our data indicated that metronidazole could not
re-establish healthy vaginal homeostasis after eradicating
BV-associated pathogens, as the total number of vaginal
bacteria was reduced significantly. The vulnerable vagina
could re-establish vaginal eubiosis after killing those patho-
gens thoroughly in one side and could also be easily re-
colonized by residual pathogenic microorganisms in the
other side. An equilibrium in the vaginal microbiota must
be established for a relatively long time. Patients with a
higher BV recurrence rate (16 %) should be followed more

closely for residual pathogenic microorganisms. A previous
study has also highlighted the persistent problem of BV,
resorting to long-term antibiotic therapy to prevent recurren-
ces [10]. However, Bradshaw et al. reported that prolonged
metronidazole treatment does not prevent the recurrence of
BV or abnormal vaginal microbiota in the majority of
women [8]. In addition, the decrease in susceptibility to
metronidazole for those pathogenic microorganisms could
lead to final BV treatment failure, especially for the recent-
ly described metronidazole-resistant Atopobium vaginae
[20]. For those clinical persistent infections, a higher rela-
tive abundance of pathogenic bacteria, such as Gardnerella
and Atopobium, were also found in the present study. The
taxonomic distribution of these predominant bacteria in the
vagina also confirmed the relationship between the clinical
cure rate and residual pathogens, thus the higher BVrecurrence
rate in this group.

The use of L. delbrueckii subsp. lactis DM8909 for BV
treatment, like other probiotic strains, such as Lactobacillus
GR-1, RC-14, Lactobacillus casei rhamnosus, Lactobacillus
brevis, and Lactobacillus plantarum, can improve urogenital
health through immune modulation, pathogen displacement,
and creation of a niche less conducive to proliferation of
pathogens and virulence factors [11, 13, 14, 21]. In addition,
L. delbrueckii subsp. lactis DM8909 could colonize in the
vagina for a relatively long time and facilitate re-establishment
of the physiologic vaginal microbiota. Other than metronida-
zole, probiotics could not eradicate most of the pathogenic
microorganisms rapidly, but only inhibit the overgrowth of
those pathogenic bacteria gradually. Thus, the diversity of
vaginal microbiota was much more complex than that of the
BV-M group. Although the relative abundance of lactobacilli
was slightly lower, the total number of lactobacilli was more
than that in metronidazole-treated group. The replenishment
of these exogenous Lactobacillus intravaginally restores vag-
inal homeostasis with different mechanisms, including

Fig. 4 Different distribution of
number reads of predominant
genera in patients with
clinically cured and clinically
persistent BV treated with
metronidazole and
Lactobacillus at the first
follow-up visit (at day 5)

778 Z. Ling et al.



producing hydrogen peroxide, lactic acid, and bacteriocins,
which could suppress the overgrowth of those pathogenic
microorganisms mentioned above and encourage the recovery
of endogenous lactobacilli [22–24]. A previous study has
reported that the loss of endogenous vaginal lactobacilli is
important in the acquisition of BV [25]. The recovery of
endogenous lactobacilli is one of the most important markers
or sentinels for BV cure. Indeed, the restoration of vaginal
endogenous lactobacilli is a slow process. The restoration of
endogenous lactobacilli steadily after probiotics treatment,
which confers strong colonization resistance, would replace
pathogens and re-establish vaginal homeostasis. This could
explain why women treated with probiotics have a lower
recurrence rate in the long term. For those participants with
antibiotic-resistant microorganisms and recurrences, it is nec-
essary to treat them with other antibiotics based on antimicro-
bial susceptibility profiles alone or in combination with
probiotics, or with complete replacement by probiotics. Re-
search has shown that the intravaginal use of Lactobacillus, or
antibiotics plus probiotics, yields a cure rate of approximately
88 % [11, 26]. The alternative natural treatment could be
effective in the microbiologic and clinical resolution of BV
without side effects [13, 27, 28].

There were several limitations to the current study.
First, the present study was not a double-blind, placebo-
controlled clinical trial, which presented an opportunity
for bias of the clinical outcome after treatment. Second,
there was no long-term follow-up analysis of the vaginal
microbiota after active treatment. For such an analysis, it
would be helpful to guide the clinical treatment of BV and
evaluate its prognosis. Third, recurrent BV treatment was
not included in the present study, which might be more
useful for elucidating BV treatment failure with antibiotic
administration. Fourth, clinically persistent BV should
undergo antibiotic-resistant gene detection in the vaginal
microbiota after metronidazole treatment, which suggests
that treatment failed with the recommended therapy direct-
ly and that an alternative therapy must be chosen, such as
probiotics.

Conclusions

The present study indicated that Lactobacillus DM8909, ad-
ministered as an intravaginal suppository, is as effective as
vaginal metronidazole in the treatment of bacterial vaginosis,
with a lower relapse rate. Our results provide convincing
evidence that the overall structure of vaginal microbiota dif-
fered significantly between women with BV treated with
metronidazole and probiotics, at least in the short term. Spe-
cifically, multiple analyses indicated that the richness was
greater in the Lactobacillus-treated group, while evenness
tended to be greater in the metronidazole-treated group.

However, despite dramatic interpersonal variations, both ac-
tively treated groups had an apparent increase in the
lactobacilli-dominant vaginal microbiota and a dramatic reduc-
tion in pathogenic microorganisms. The changing pattern of
vaginal microbiota after active treatment showed an obvious
trend of vaginal microbiota restoration and vaginal homeosta-
sis re-establishment. Along with antibiotic administration, pro-
biotics offered an alternativemeans to treat and prevent BVand
help to maintain a healthy vaginal ecosystem.
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