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The microbial flora of the vagina plays a major role in preventing genital infections, including bacterial
vaginosis (BV) and candidiasis (CA). An integrated approach based on PCR-denaturing gradient gel electro-
phoresis (PCR-DGGE) and real-time PCR was used to study the structure and dynamics of bacterial com-
munities in vaginal fluids of healthy women and patients developing BV and CA. Universal eubacterial primers
and Lactobacillus genus-specific primers, both targeted at 16S rRNA genes, were used in DGGE and real-time
PCR analysis, respectively. The DGGE profiles revealed that the vaginal flora was dominated by Lactobacillus
species under healthy conditions, whereas several potentially pathogenic bacteria were present in the flora of
women with BV. Lactobacilli were the predominant bacterial population in the vagina for patients affected by
CA, but changes in the composition of Lactobacillus species were observed. Real-time PCR analysis allowed the
quantitative estimation of variations in lactobacilli associated with BV and CA diseases. A statistically
significant decrease in the relative abundance of lactobacilli was found in vaginal fluids of patients with BV
compared to the relative abundance of lactobacilli in the vaginal fluids of healthy women and patients with CA.

The microbial inhabitants of the human vagina constitute a
finely balanced ecosystem, with the vaginal environment con-
trolling the colonizing bacteria and the microflora in turn con-
trolling the vaginal environment. This dynamic microbial com-
munity plays a pivotal role in preventing colonization by
undesirable organisms, including those responsible for bacte-
rial vaginosis (BV), candidiasis (CA), urinary tract infections,
aerobic vaginitis, and sexually transmitted diseases (15, 20, 29,
32, 39). In women of childbearing age, the vaginal ecosystem is
dominated by Lactobacillus spp., but a diverse array of other
bacteria can be present in much lower numbers (24, 25). Lac-
tobacilli are involved in maintaining the normal vaginal micro-
flora by preventing overgrowth by pathogenic and opportunis-
tic organisms (30). They may act by stimulating the immune
system, by competing with other microorganisms for the ad-
herence to the vaginal epithelium, and by producing lactic acid,
bacteriocins, and hydrogen peroxide. This microbial metabo-
lite represents one of the most effective protectors against
bacteria, specifically against catalase-negative bacteria, which,
in most cases, account for BV (5). It has been observed that 70
to 95% of lactobacilli present in the vaginal flora of healthy
women produce hydrogen peroxide. This percentage for
women affected by BV drops to 5% (8, 16).

The characterization of the composition and ecology of the
vaginal microbial ecosystems in healthy women and in patients

affected by infectious diseases, such as BV and CA, is impor-
tant for an understanding of the etiology of these diseases and
the development of efficient therapies. BV, widely believed to
be the most common vaginal disorder affecting women of re-
productive age, is defined as an alteration of the vaginal bac-
terial morphotypes characterized by an overgrowth of several
anaerobic and microaerophilic bacteria, gram-positive cocci,
and a Mycoplasma sp. and by a decreased prevalence of Lac-
tobacillus species (17, 23). Incidence rates of BV range from 5
to 50% among both nonpregnant and pregnant women (22).
CA is an infection by Candida spp., mostly Candida albicans.
Yeast overgrowth can modify the normal vaginal flora. Up to
75% of women experience genital CA during their lifetime,
and 5 to 8% have chronic, recurring CA, defined as four or
more episodes in a 12-month period (19, 33).

In recent years, molecular techniques based on the analysis
of rRNA gene sequences have been developed, providing pow-
erful tools to reveal the phylogenetic diversity of the microor-
ganisms found within complex ecosystems and understand
community dynamics (12, 24, 41). PCR-denaturing gradient gel
electrophoresis (PCR-DGGE) represents a rapid and reliable
technique that has been used successfully to identify the bac-
terial compositions of different ecological niches, including the
vaginal ecosystem (9, 10, 13, 14, 35). Sequencing of different
16S rRNA gene fragments allows the determination of which
bacterial species are most common among the human speci-
mens. Real-time PCR with genus- and species-specific primers
can provide a quantification of selected bacteria present in
complex microbial communities by measuring the amount of
PCR products in each cycle as fluorescence (6, 11, 26, 27, 31).

In the present study, we utilized PCR-DGGE with universal
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primers for the bacterial 16S rrn operon to explore the com-
position of normal vaginal communities and assess changes
related to BV and CA. In addition to using this qualitative
approach, we quantified changes in Lactobacillus populations
among women with different clinical profiles by using real-time
PCR with 16S rRNA gene-targeted genus-specific primers.

MATERIALS AND METHODS

Study population. Before patient recruitment, the study was considered and
approved by the ethical committee of the Heilig Hart Hospital of Tienen, Bel-
gium. After written consent had been obtained, a total of 26 randomly selected
premenopausal women (23 to 48 years of age; mean, 38) who had no symptoms
or signs of vaginal and urinary tract infection were recruited by telephone from
the visitor list of the routine gynecology outpatient departments of the Heilig
Hart Hospital, Tienen, and the Gasthuisberg University Hospital, Leuven, Bel-
gium. None of the subjects had received oral or local antimicrobial therapy
within the previous 2 weeks, required any other prescribed therapy, or was using
spermicidal products. The recruits underwent examination once a month during
three consecutive months. At each visit, a sterile speculum was inserted and a
sample of vaginal fluid was taken from the upper lateral vaginal vault with a
wooden Ayer’s spatula for immediate saline microscopy, measurement of pH,
and assessment for color and smell. All slides were taken in duplicate and later
reviewed by a research assistant who was blinded to the patients’ data or previous
microscopy data. Any discrepancies were discussed, and a decision was made
after a third examination of the slides. Digital photographs of all the important
findings in each slide were taken. Standardized vaginal rinsings with 2 ml of
saline were collected for molecular studies by flushing and reaspirating the fluid

FIG. 1. DGGE profiles of healthy women (NI group). A single
DGGE profile was reported for each woman in the NI group. The bands
correspond to bacterial taxa and GenBank accession numbers as follows:
Lactobacillus iners, 3a (AB279893), 6b (AB279894), 8a (AB279895), and
10c (AB279896); Lactobacillus sp., 5a (AB279907) and 26a (AB279908);
Lactobacillus acidophilus, 6a (AB279917), 10b (AB279918), 11a
(AB279919), 22a (AB279920), 23a (AB279921), and 25b (AB279922);
Lactobacillus gasseri, 10a (AB279926), 14a (AB279927), and 25a
(AB279928); Lactobacillus vaginalis, 10d (AB279933) and 22b
(AB279934); Gardnerella vaginalis, 5b (AB279938), 14c (AB279939), and
25c (AB279940); uncultured Gardnerella sp., 14b (AB279952).T
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through a needle in the left, central, and right upper vaginal vaults. The vaginal
rinsings were subsequently stored at �80°C until use. BV was diagnosed accord-
ing to Amsel’s criteria (3), with the modification that the criterion of clue-cell-
positive microscopy results along with a typical granular vaginal bacterial flora in
any case had to be present. The diagnosis of CA was performed by microscopy
and culture on Sabouraud dextrose agar (Difco, Detroit, MI). According to this
clinical evaluation, women were split into four subject groups: healthy subjects
retaining a normal infection index (the NI group) (n � 11) and patients affected
on this or subsequent visits by BV (n � 5), by colonization with Candida spp. (the
CA group) (n � 7), or by both BV and CA (the BV-CA group) (n � 3) (Table
1). Women were classified as being in the NI group if all visits resulted in an NI,
classified as being in the BV or CA group if at least one visit resulted in a
diagnosis of BV or CA, respectively, and classified as being in the BV-CA group
if at least one visit resulted in a diagnosis of BV and at least one visit resulted in
a diagnosis of CA. The clinical history of each woman was also taken into account
and reported in Table 1.

Extraction of bacterial DNA from vaginal rinsings. One milliliter of vaginal
rinsings was centrifuged at 10,000 rpm for 15 min, and the pellets were washed
three times in saline at 40°C. Each pellet was resuspended in 180 �l of enzymatic
lysis buffer (20 mM Tris-HCl, pH 8, 2 mM EDTA, 1.2% Triton X-100, 20 mg/ml
lysozyme), and total bacterial DNA was extracted by using the DNeasy tissue kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s instructions.

PCR-DGGE analysis. Amplification of the V2-V3 region of the bacterial 16S
rRNA gene was carried out using the universal eubacterial primers HDA1-GC
(containing a GC clamp) and HDA2 (38), supplied by M-Medical, Milan, Italy.

The amplification reactions were performed in a T Gradient thermal cycler
(Biometra, Göttingen, Germany). Dynazyme II (Celbio, Milan, Italy) was used as
a thermostable polymerase under conditions suggested by the supplier. The
reaction mixture contained 0.5 �M of each primer, 200 �M of each deoxynucleo-
side triphosphate, 0.5 U of Dynazyme II, and 4 �l of the bacterial DNA template
in a final volume of 50 �l. The thermal cycling program consisted of the following
time and temperature profile: 95°C for 5 min; 30 cycles of 95°C for 30 s, 56°C for
30 s, and 72°C for 60 s; and 72°C for 8 min. Samples (5 �l) of the amplified
products (200 bp) were subjected to gel electrophoresis in 2% agarose gels and
visualized by ethidium bromide staining.

DGGE analysis was performed using the D-Code universal mutation detection
system apparatus (Bio-Rad, Hercules, CA) with 20-cm by 20-cm by 0.75-mm gels.
The sequence-specific separation of the PCR fragments was obtained in 8%
(wt/vol) polyacrylamide (acrylamide-N,N�bisacrylamide; 40:3 [wt/vol]) gels in 0.5 �
TAE buffer (20 mM Tris, 10 mM glacial acetic acid, 0.5 mM EDTA, pH 8). The
denaturing gels contained a 30% to 50% gradient of urea and formamide in-
creasing in the direction of electrophoresis. A 100% denaturing solution con-
tained 40% (vol/vol) formamide and 7 M urea. A stacking gel containing 8%
(wt/vol) polyacrylamide was applied onto the denaturing gel. A volume of 8 to 16
�l of PCR samples was loaded onto the stacking gel. Electrophoresis was con-
ducted at a constant voltage of 130 V and a temperature of 60°C for approxi-
mately 6 to 7 h. Following electrophoresis, the gel was silver stained by using the
protocol of Bassam et al. (7).

Sequencing of the V2-V3 region of the 16S rRNA gene. DNA fragments of
interest were excised from the denaturing gels with a sterile scalpel, washed once

FIG. 2. DGGE profiles of patients developing BV. Three DGGE courses corresponding to the three monthly gynecologic visits were reported.
The bands correspond to bacterial taxa and GenBank accession numbers as follows: Lactobacillus iners, 17b (AB279897), 20e (AB279898), and 24b
(AB279899); Lactobacillus acidophilus, 17a (AB279923) and 20d (AB279924); Lactobacillus plantarum, 20a (AB279937); Lactobacillus gasseri, 12a
(AB279929) and 20b (AB279930); Lactobacillus vaginalis, 17c (AB279935); Atopobium vaginae, 2q (AB279953) and 12g (AB279954); Gardnerella
vaginalis, 2m (AB279941), 2o (AB279942), 2p (AB279943), 17d (AB279944), 17e (AB279945), and 24c (AB279946); Leptotrichia amnionii, 2a
(AB279955), 2b (AB279956), and 2d (AB279957); Leptotrichia sanguinegens, 24a (AB279960); uncultured Prevotella sp., 2c (AB279962), 2f
(AB279963), 2g (AB279964), and 2h (AB279965); Prevotella sp., 12b (AB279968) and 12e (AB279969); uncultured Megasphaera sp., 2l
(AB279970), 20f (AB279971), and 20g (AB279972); uncultured Chloroflexi bacterium, 2i (AB279973); uncultured Clostridium sp., 2n (AB279974);
Streptococcus sp., 12c (AB279977); Staphylococcus sp., 2e (AB279978) and 20c (AB279979); Veillonella montpellierensis, 12d (AB279980) and 12f
(AB279981).
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in 1 � PCR buffer, and incubated in 20 �l of the same buffer overnight at 4°C.
Four microliters of the buffer solution was used as the template for PCR.
Reamplification of the V2-V3 region was conducted as described above by
employing the primers HDA1 (without the 5� GC clamp) and HDA2. The
reamplified fragments were purified by using the QIAquick PCR purification kit
(QIAGEN) and then subjected to automated sequence analysis of both DNA
strands with HDA1 and HDA2 primers. BigDye terminators (ABI-PerkinElmer,
Foster City, CA) were used with a PRISM 377 sequencer (ABI). The sequence
identities were determined by comparison with rRNA gene sequences deposited
in the GenBank database by using the BLAST algorithm (2).

Real-time quantitative PCR. Quantitative PCR was performed with a Light-
Cycler instrument (Roche, Mannheim, Germany), and SYBR green I fluoro-
phore was used to correlate the amount of PCR product with the fluorescence
signal. Total bacterial DNA extracted from vaginal fluids was amplified with the
universal primer set HDA1/HDA2 (38) and the Lactobacillus genus-specific
primer set Bact-0011f/Lab-0677r (21), which amplifies a 700-bp region inside the
16S rRNA genes. Three subsamples of each DNA extract were amplified in a
final volume of 20 �l containing 4 mM of MgCl2, 0.5 �M of each primer, 2 �l of
LightCycler-FastStart DNA Master SYBR green I (Roche), and 2 �l of either
template or water (no-template control). The thermal cycling conditions used
were as follows: an initial denaturation step at 95°C for 10 min followed by 40
cycles of denaturation at 95°C for 15 s, primer annealing at 56°C (HDA1/HDA2)
or 63°C (Bact-0011f/Lab-0677r) for 25 s, extension at 72°C for 40 s, and an
additional incubation step at 85°C for 5 s for fluorescence acquisition. For each
step, the temperature transition rate was 20°C s�1. Melting curve analysis for
PCR product identification was obtained by heating at 20°C s�1 to 95°C, cooling
at 20°C s�1 to 60°C with a 15-s hold, and then slowly heating at 0.2°C s�1 to 99°C.
Fluorescence readings were collected continuously during this heating to mon-
itor the denaturation of PCR products.

Quantification of rrn operons of total eubacteria and lactobacilli was done by

using standard curves made with known concentrations of Lactobacillus acidoph-
ilus NCFM genomic DNA, which has a size of 1.994 Mb and four rrn operons (1).
Chromosomal DNA of L. acidophilus NCFM was extracted by using the DNeasy
tissue kit (QIAGEN) and serially diluted from 105 to 102 molecules �l�1. Results
obtained by PCR were converted to the average estimate of total eubacterial and
Lactobacillus sp. rrn operons present in 1 ml of vaginal rinsing, and standard
deviations (SD) were calculated. The ratio of Lactobacillus sp. rrn operons to
total eubacterial 16S rRNA gene copies (relative abundance) was evaluated for
each vaginal sample.

Statistical analysis. Differences in the numbers of total eubacterial and lac-
tobacillus rrn operons and relative abundances of lactobacilli among NI, BV, and
CA groups were analyzed. Data were assessed for normal distribution by using
the Kolmogorov-Smirnov test, and the Kruskal-Wallis test was performed to
simultaneously compare the analysis groups. When significant differences (P �
0.05) were obtained, multiple-comparison Dunn’s procedure was used to isolate
the groups that differed from the others. Statistical analysis was carried out with
SigmaStat software (Systat Sofware Inc., San Jose, CA).

Nucleotide sequence accession numbers. The nucleotide sequences of the
V2-V3 DGGE fragments have been deposited in the DDBJ nucleotide sequence
database under accession numbers AB279893 to AB279983.

RESULTS

Qualitative analysis of vaginal bacterial communities by
PCR-DGGE. The DGGE profiles of the four subject groups
(NI, BV, CA, and BV-CA) are shown in Fig. 1 to 4, and a
summary of the identifications obtained by BLAST search of
the GenBank database with the 16S V2-V3 region sequences is

FIG. 3. DGGE profiles of patients developing CA. Three DGGE courses corresponding to the three monthly gynecologic visits were reported.
The bands correspond to bacterial taxa and GenBank accession numbers as follows: Lactobacillus sp., 1a (AB279909), 1b (AB279910), 1c
(AB279911), 1d (AB279912), 4b (AB279913), 13a (AB279914), and 19a (AB279915); Lactobacillus iners, 4c (AB279900), 16c (AB279901), 18a
(AB279902), and 21b (AB279903); Lactobacillus gassseri, 16a (AB279931) and 21a (AB279932); Lactobacillus acidophilus, 16b (AB279925);
Lactobacillus vaginalis, 4d (AB279936); Gardnerella vaginalis, 21c (AB279947) and 21d (AB279948); uncultured Ureaplasma sp., 4a (AB279982);
uncultured Clostridium sp., 4e (AB279976); Shigella boydii, 18b (AB279983).
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presented in Table 1. It should be noted that universal eubac-
terial primers were used for PCR-DGGE analysis; hence, only
abundant populations were represented in this study.

For each healthy woman, identical DGGE patterns were
obtained at the three monthly gynecologic visits, indicating that
the dominant bacterial populations remained remarkably sta-
ble over time in absence of pathological events. Thus, a single
profile for each woman belonging to the NI subject group is
shown in Fig. 1. According to the data reported in previous
studies (9, 12, 24, 41), a low level of bacterial diversity ap-
peared to characterize the communities of healthy vaginas.
Lactobacilli represented the dominant inhabitants of the nor-
mal vaginal tract, as all the women in the NI group had at least
one sequence homologous to a sequence of a Lactobacillus
species. In patients 3, 8, 11, 23, and 26, only one dominant
DGGE fragment was detected, and it was related to Lactoba-
cillus iners, L. acidophilus, and Lactobacillus sp. These lacto-
bacilli were also found in the other healthy women, in which
more than one dominant DGGE fragments were visualized.
Other Lactobacillus species detected in these women were
Lactobacillus gasseri and Lactobacillus vaginalis. Interestingly,
the microorganism Gardnerella vaginalis, which is commonly
associated with BV, was found in vaginal samples of three
healthy women, confirming that its presence should not be
strictly linked to a pathological condition.

L. iners, L. acidophilus, Lactobacillus plantarum, L. gasseri,
and L. vaginalis remained the predominant species in the va-
ginas of the women in the BV subject group when the clinical
evaluation registered an NI (Fig. 2). The PCR-DGGE patterns
of women during visits during which BV was diagnosed (BV
visits) showed a number of dominant fragments that was
higher than that for women during NI visits, indicating that
high bacterial diversity is associated with BV status, in accor-
dance to what has been previously reported (9, 14, 36, 40).
Generally, we observed a correlation between the BV condi-
tion and a relative lack of lactobacilli, accompanied by a pro-
found increase in the quantity of other vaginal anaerobic bac-
teria related to Gardnerella vaginalis, Atopobium vaginae,
Leptotrichia amnioni, Leptotrichia sanguinegens, Prevotella sp.,
Megasphaera sp., an uncultured Chloroflexi bacterium, an un-
cultured Clostridium sp., Streptococcus sp., Staphylococcus sp.,
and Veillonella montpellierensis. Subject 2, who had the clinical
symptoms for BV at every visit, presented the most complex
and diversified vaginal microbiota. Minor variations in DGGE
profiles were observed between samples from BV and NI visits
for subjects 12, 17, 20, and 24, for whom BV was diagnosed in
one visit only. Notably, Gardnerella vaginalis was found in all
vaginal samples corresponding to BV visits except for the third
visit for subjects 20 and 12.

PCR-DGGE analysis of vaginal bacterial flora for women
affected by CA led to the interesting result of the predominant
presence of Lactobacillus species (Fig. 3). We did not find
changes in DGGE profiles between vaginal fluids from women
during CA and NI visits, and Lactobacillus sp., L. iners, L.
gasseri, L. acidophilus, and L. vaginalis were the most frequent
species detected. Other microorganisms related to Gardnerella
vaginalis, Ureaplasma sp., Clostridium sp., and Shigella boydii
were identified. However, these species cannot be associated
with CA status, because they were found in vaginal fluids
recovered from women during both NI and CA visits.

Patients affected by both vaginal infections (BV-CA)
showed PCR-DGGE patterns similar to those of CA subject
group (Fig. 4). L. iners and Lactobacillus sp. were the dom-
inant species of the vaginal ecosystem at the NI and CA
visits. BV-related bacterial species were detected only in
sample 7II (i.e., from subject 7 during the second visit) and
not in samples 7III, 9I, and 15I, although BV was diagnosed
at these visits.

Multiple fragments of different sizes were sometimes visible
in the DGGE gels (for example, bands 1a, 1b, 1c, and 1d of Fig.
3). After the minor DNA fragments were sequenced, they were
found to be homologous to the species corresponding to the
closest major fragment. Similar to findings reported by other
authors (10, 38), the major fragment indicated the identity of
the isolate, whereas the minor ones were probably PCR arti-
facts resulting from the highly folded (loops and stems) struc-
ture of V2-V3 region.

Figure 5 shows the frequency of the occurrence (in per-
centages) of the vaginal bacteria, detected by PCR-DGGE,

FIG. 4. DGGE profiles of patients developing both BV and CV
(BV-CA). Three DGGE courses corresponding to the three
monthly gynecologic visits were reported. The bands correspond to
bacterial taxa and GenBank accession numbers as follows: Lacto-
bacillus iners, 7e (AB279904), 9a (AB279905), and 15b (AB279906);
Lactobacillus sp., 15a (AB279916); Gardnerella vaginalis, 7h
(AB279949), 7i (AB279950), and 9b (AB279951); Leptotrichia am-
nionii, 7a (AB279958) and 7b (AB279959); Leptotrichia sanguine-
gens, 7c (AB279961); uncultured Prevotella sp., 7d (AB279966) and
7f (AB279967); uncultured Clostridium sp., 7g (AB279975).
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in relation to the clinical status. Samples 7III and 9I were
not included in this analysis and in the subsequent statistical
evaluations because of the simultaneous presence of BV and
CA conditions. The histograms indicate the increased com-
plexity of vaginal ecology under BV conditions, character-
ized by the appearance of several anaerobic species and the
decrease of L. vaginalis, L. gasseri, L. acidophilus, and Lac-
tobacillus sp. The figure also shows that the composition of
the vaginal bacterial flora did not undergo significant
changes as a consequence of Candida infection, even if a
diverse distribution of Lactobacillus species appeared. In
particular, we observed increased frequencies of L. iners and
Lactobacillus sp. and decreased frequencies of L. acidophi-
lus, L. gasseri, and L. vaginalis. Notably, H2O2 is commonly
produced by strains of L. acidophilus, L. gasseri, and L.
vaginalis, while it is an uncommon metabolite among strains
of L. iners (5, 34, 41).

Quantification of vaginal lactobacilli by real-time PCR.
Quantitative variations in vaginal lactobacillus populations re-
lated to BV or CA were evaluated by real-time PCR analysis.
For each vaginal fluid sample for each woman enrolled in the
trial, the numbers of 16S rrn operons of total eubacteria and
lactobacilli were determined by using universal and genus-
specific primers, respectively (Table 1). The reliability of the
real-time PCR data was supported by calibration curves with
an r of 	0.99 (data not shown) and acceptable SD. Relative
abundances of lactobacilli were calculated in order to assess
whether variations in lactobacillus populations were linked to
changes in the total concentration of bacteria (Table 1). In
accordance with the PCR-DGGE results, no evident differ-
ences in rRNA gene copy numbers of lactobacilli, as well as in
their relative abundances, were observed between vaginal flu-
ids of women during CA and NI visits, while decreases in both
parameters occurred in cases in which BV was diagnosed.

However, in samples from subjects 12 and 17 during BV visits,
the reduction in the relative abundance of lactobacilli did not
reflect a decline in the corresponding rRNA genes. Notably,
vaginal fluids collected at the third visit for subject 7, the first
visit for subject 9, and the first visit for subject 15 (patients
belonging to the BV-CA subject group) presented a high num-
ber of Lactobacillus 16S rRNA gene copies and a high relative
abundance of lactobacilli in spite of the BV diagnosis. These
results are in agreement with the PCR-DGGE profiles, which
showed the predominance of lactobacilli in the vaginal tracts of
these patients. Therefore, the colonization patterns of lacto-
bacilli in these women developing either BV or CA, or BV and
CA at the same time, differ from the normal BV pattern, but
they rather resemble the typical pattern observed for women
affected by CA.

To test the significance of quantitative changes in Lactoba-
cillus populations related to BV and CA infections, the num-
bers of 16S rRNA gene copies of total eubacteria and lacto-
bacilli and the relative abundance of lactobacilli in samples
from women during NI, BV, or CA visits (plotted in Fig. 6)
were analyzed by a Kruskal-Wallis test due to nonnormal data
distribution. The only significant difference among the groups
was found for relative abundances of lactobacilli (P � 0.001).
Dunn’s procedure confirmed the existence of a significant dif-
ference in relative abundances of lactobacilli (P � 0.05) for
each possible comparison (BV versus NI, CA versus NI, and
CA versus BV). Figure 6C highlights the reduction of the
relative abundance of lactobacilli in the vaginal flora of women
during BV visits compared to those in the vaginal flora of
women during NI and CA visits and the increase in the same
parameter for women during CA visits compared to women
during NI visits.

The relative abundance of lactobacilli in the vaginal flora of
women during NI visits was evaluated, taking into consider-

FIG. 5. Frequency of the occurrence of bacterial species in relation to clinical status of the subject. Frequencies were calculated as the ratios
(percentage) of the number of visits characterized by the presence of each species to the total number of visits belonging to each visit group (NI,
BV, and CA).
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ation the general clinical picture of the women. Three NI visit
subgroups were identified: NI visits by women with only NI
visits and NI history (NI/NI), NI visits by women with at least
one BV visit or BV history (NI/BV), and NI visits by women
with at least one CA visit or CA history (NI/CA) (Fig. 7).
Kruskal-Wallis test did not show any significant difference
among NI/NI, NI/BV, and NI/CA subgroups, suggesting that
the vaginal lactobacillus concentration is not influenced by the
past clinical situation.

DISCUSSION

The health status of the human female urogenital tract is
largely a function of the vaginal microflora (25). Lactobacilli
have been demonstrated to dominate the normal vaginal en-
vironment. They play a key role in determining the overall
structure of the community and in providing protection against
invasion by overt pathogens or against overgrowth by poten-
tially pathogenic species among the normal flora through the
production of hydrogen peroxide, bacteriocins, and lactic acid
(6, 16, 28, 30).

The present study provides basic information concerning the
structure of bacterial communities in healthy vaginas and qual-
itative/quantitative changes in numerically dominant bacterial
populations related to BV and CA diseases. Particular atten-
tion was paid to dynamics of lactobacilli. Two molecular tech-
niques, PCR-DGGE and real-time PCR, were combined to
achieve a detailed picture of vaginal ecology under normal and
abnormal conditions. This integrated approach has been re-
cently proposed for monitoring the effect of prebiotics, probi-
otics, and symbiotics on the fecal microbiota of healthy humans
(37).

Consistent with data from previous studies (4, 10, 12, 24, 41),
our DGGE data showed that the vaginal bacterial floras in
healthy women were stable over time and dominated by a
single species or group of closely related species of Lactoba-
cillus (L. iners, L. acidophilus, L. gasseri, and L. vaginalis). The
coexistence of multiple species of lactobacilli is rare because of
the competitive exclusion of one species by another, preemp-
tive colonization by a particular species or host factors that
strongly influence which species are able to colonize the envi-
ronment (41). However, in samples from a small number of
healthy women, G. vaginalis was detected in conjunction with
Lactobacillus species. This result suggests that the presence of
lactobacilli may not exclude potential pathogens from the va-
gina; likewise, the presence of G. vaginalis is not strictly related
to clinically manifested disturbances. In healthy vaginas, G.
vaginalis could represent a “sentinel species,” a term used to

FIG. 6. Real-time PCR evaluation of 16S rrn operons of total eu-
bacteria (A) and lactobacilli (B) and relative abundance of lactobacilli
(C) related to each group of visits characterized by a specific clinical
status (NI, BV, and CA). The number of operons in 1 ml of vaginal
rinsing is expressed as an absolute value. Lactobacillus relative abun-
dance is expressed as the ratio of lactobacillus rrn operons to total
eubacterial 16S rrn operons. The box for each group represents the
interquartile range (25th to 75th percentile), and the line within this
box is the median value. The bottom and top bars indicate the 10th and
90th percentiles, respectively. Outlier values are indicated (black
circles).

FIG. 7. Relative abundances of lactobacilli in the vaginal flora of
women during NI visits, relative to the clinical history of the women.
Lactobacillus relative abundance is expressed as the ratio of lactoba-
cillus 16S rrn operons to total eubacterial 16S rrn operons. The box for
each group represents the interquartile range (25th to 75th percentile),
and the line within this box is the median value. The bottom and top
bars indicate the 10th and 90th percentiles, respectively. Outlier values
are indicated (black circles).
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refer to an indigenous species that is particularly sensitive to
changes in biological, physical, or chemical characteristics of
the environment and responds through an increase in popula-
tion size (12). The identification of potential sentinel species
can help to predict whether there is an increased risk of an
individual contracting an infection due to shifts in the compo-
sition of the microbial communities or changes in the abun-
dance of specific populations. The sentinel species concept
may be also used for prevention and early diagnosis of BV
disturbance, which is characterized by the outgrowth of several
potentially pathogenic microorganisms normally present but at
much lower numbers (9, 14, 20, 40). Actually, the patients
affected by BV enrolled in this clinical trial showed a relative
scarcity of lactobacilli, together with an increased complexity
of vaginal communities dominated by anaerobic bacteria re-
lated to Gardnerella vaginalis, Atopobium vaginae, Leptotrichia
sp., Prevotella sp., Megasphaera sp., Chloroflexi, Clostridium sp.,
Streptococcus sp., Staphylococcus sp., and Veillonella sp. All
these organisms have already been identified as components of
the abnormal vaginal flora under conditions of BV disturbance
(9, 20), except for Chloroflexi, Streptococcus sp., and Veillonella
sp., which represent newly recognized populations not previ-
ously associated with BV. By contrast, we did not find an
abnormal bacterial vaginal ecosystem in patients affected by
CA, as the predominant presence of lactobacilli was observed
with our DGGE-based qualitative analysis. However, a differ-
ent frequency of particular Lactobacillus species was found in
respect to the frequency detected under healthy conditions. In
particular, we observed a decrease in H2O2-producing species
(L. acidophilus, L. gasseri, and L. vaginalis) and an increase of
non-H2O2-producing L. iners. This finding suggests some hy-
potheses regarding the role of lactobacilli in protecting women
from Candida infection: (i) women with a vaginal flora domi-
nated by H2O2-producing Lactobacillus species have a minor
risk to contract CA; (ii) H2O2, rather than other metabolites
produced by lactobacilli, such as lactic acid, could be respon-
sible for the control of Candida overgrowth (33). In patients
prone to developing CA as well as BV, the DGGE pattern of
CA-associated lactobacilli was dominant, while the DGGE
pattern of BV-associated bacteria was not detected in this
group with mixed infections.

An important advantage of the DGGE technique is the ability
to detect several bacterial populations not readily culturable. For
example, L. iners does not grow on the major selective media for
isolation of Lactobacillus, including MRS and Rogosa media (18).
Likewise, the strict anaerobes Atopobium vaginae, Megasphaera,
and Leptotrichia require specialized media and often grow slowly.
The finding of these organisms as members of vaginal flora dem-
onstrates how cultivation-based methods can be misleading.

Since DGGE can be considered a semiquantitative tool for
monitoring bacterial populations, additional analysis with real-
time PCR was carried out to obtain a quantitative estimation
of changes in lactobacillus concentrations associated with BV
and CA diseases. An analogous approach was used by Bartosch
et al. (6) to monitor changes in intestinal bacterial community
structure among different groups of elderly people. A statisti-
cally significant decrease in Lactobacillus relative abundance
during BV visits was registered compared to the relative abun-
dances during NI and CA visits, confirming the qualitative
observations derived from DGGE analysis. Notably, the rela-

tive abundance of lactobacilli was significantly increased for
women during CA visits, further supporting our hypothesis
that the predisposition to Candida infection is not correlated
with the predominance of lactobacilli but to the presence of
particular Lactobacillus species. We also investigated the pos-
sibility of a link between the clinical history and the relative
abundance of lactobacilli in vaginal fluids of women during NI
visits, but no significant correlations were detected.

In conclusion, it has been demonstrated for the first time
that the integrated use of DGGE and real-time PCR repre-
sents a successful strategy to monitor the qualitative and quan-
titative changes of vaginal bacterial communities correlated to
different infectious diseases, such as BV and CA. In particular,
the major findings obtained in this study are the following: (i)
Lactobacillus species are the major constituents in vagina of
healthy women and patients developing CA but not in patients
developing BV; (ii) new components of vaginal microbiota in
BV have been discovered; (iii) women prone to developing CA
mainly host non-H2O2-producing Lactobacillus species; and
(iv) in patients developing a mixed BV and CA infection, the
colonization pattern of lactobacilli resembles the CA pattern.
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