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Introduction: Workshop Goals & Objectives
The microbiota of the human vagina can affect the health of women, their fetuses, and
newborns. A vaginal environment that is quantitatively dominated by hydrogen peroxide-
producing Lactobacillus species has consistently been associated with healthy pregnancy
outcomes, lack of abnormal vaginal symptoms, and reduced risk for several sexually
transmitted pathogens, including HIV. Bacterial vaginosis (BV) represents a condition in
which the normal protective lactobacilli are replaced by high quantities of commensal
anaerobes, resulting in symptomatic vaginitis in many women. BV increases the risk of
upper genital tract infection and adverse outcomes of pregnancy. While traditional
cultivation has identified numerous BV-associated bacteria involved in these processes,
recent advances in molecular biology have facilitated the detection and identification of
bacteria without cultivation, some of which have not previously been described or well
characterized. For instance, several novel bacteria in the Clostridiales order are highly
specific indicators of bacterial vaginosis (BV), and bacteria related to Megasphaera,
Leptotrichia, Atopobium, and Dialister species are commonly found in subjects with BV.
These advances have notable implications for research related to the pathogenesis, natural
history, diagnosis and adverse consequences of BV. A more complete understanding of
vaginal microbial populations resulting from the adoption of molecular tools may lead to
better strategies to maintain healthy vaginal microbial communities—thus enhancing
women’s health—and will create opportunities to explore the role of novel bacteria in
reproductive tract diseases.
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On November 19-20, 2008, the NIH convened a workshop of experts in the field of research
and clinical practice related to BV in order to discuss how these new advances should be
interpreted and applied to research in progress and collaborations between relevant
disciplines. The group discussed numerous questions. What do we know about pathogenesis,
and what are the gaps in our knowledge (Table 1)? What are the consequences of BV, and
what are the gaps in our understanding regarding how these complications arise? What
interventions have and have not worked to prevent these consequences, and how do we
leverage this knowledge to move forward with appropriate prevention strategies? How
might advances in molecular biology contribute to an enhanced approach to diagnosing BV?
Experts in the field summarized the current status of BV-related research in three main
areas: epidemiology and adverse consequences of BV; diagnosis and treatment; and
molecular advances in defining BV-related microbiology. Workgroups focused on these
three main areas then met to deliberate about key challenges and questions. This paper
summarizes the presentations of this workshop and outlines general recommendations
arising from the related discussions.

Background
Bacterial vaginosis is common, and consistently associated with adverse symptoms and
reproductive tract outcomes

BV is the most prevalent form of vaginal infection in women of reproductive age, affecting
8% to 23%, and is the most common etiology of vaginal symptoms prompting women to
seek medical care. 1 Symptomatic BV, which accounts for approximately 60% of all cases,
typically causes abnormal vaginal discharge that is increased in amount and often
malodorous. The discharge results in part from degradation of the normal vaginal mucin gel,
which is efficiently performed by mucin-degrading enzymes produced by BV-associated
bacteria (particularly Gram-negative anaerobes). 2 The odor, usually described as “fishy,” is
derived from volatilization of the amines produced by the metabolism of anaerobic bacteria
that characterize this disorder.

The etiology of BV is not known. At the microbiologic level, BV is a synergistic
polymicrobial syndrome characterized by depletion of Lactobacillus species, especially
those that produce H2O2, accompanied by intense overgrowth of commensal vaginal
anaerobic bacteria (100 to 1000-fold above normal).3 Conventional cultivation of flora from
vaginal fluid of women with BV typically yields a spectrum of primarily anaerobic
commensals: Gardnerella vaginalis, Prevotella species, anaerobic gram-positive cocci,
Mobiluncus species, Ureaplasma urealyticum, and Mycoplasma hominis. Critically, the
initial event leading to this shift is unknown. BV occurs more frequently among women who
report new or higher numbers of male sex partners, is common and highly concordant
among female sex partners, and rarely occurs before sexual debut, patterns that invoke the
epidemiology of a typical sexually transmitted infection (STI). 4-67, 8 Limited data also
suggest that male condoms and circumcision may prevent BV and its recurrence. 9-1112

Other risks for BV acquisition include douching for hygiene, 6 which likely acts to promote
loss of hydrogen peroxide-producing lactobacilli, use of an intrauterine device for
contraception, 11, 13 and black race. 14

BV is associated with serious sequelae related to the upper genital tract, increasing the risk
of preterm delivery, 15-18 first trimester miscarriage in women undergoing in vitro
fertilization, 19 amniotic fluid infections, 20 chorioamnionitis, 21 postpartum and postabortal
endometritis, 22 and postabortal PID. 23 In non-pregnant women, 24 BV increases risk of
post-hysterectomy infections 25, 26 and PID 17, 27, and risk of acquiring N.
gonorrhoeae 4, 28, 29. BV itself may cause endocervical inflammation that manifests as
mucopurulent cervicitis. 30, 31 Among HIV-infected women, the quantity of HIV shed in
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vaginal secretions from those with BV was increased nearly 6-fold increase relative to those
without BV. 3233 BV probably enhances women’s likelihood of sexual acquisition of
HIV 28, 34-36, possibly through inducing reversible changes in the cervical or other mucosal
immune environment.37 The exact means by which BV effects adverse reproductive tract
sequelae is not clear. Possible explanations include loss of antimicrobial compounds
produced by lactobacilli (lactic acid, H2O2); destruction of mucin gel coating the vaginal/
cervical epithelium via inhibition of glycosidase-producing anaerobes; degradation of
secretory leukocyte protease inhibitor (SLPI); induction of a cervical pro-inflammatory
environment; and alteration in the immune cell environment of the cervix.

Available approaches to diagnosing BV are underutilized, and may not reflect the
complexity of BV-associated microbiota as assessed by molecular methodology

In clinical practice, BV is typically diagnosed using the Amsel criteria, which include the
presence of at least three of four findings: vaginal pH greater than 4.5, homogeneous vaginal
discharge on examination, detection of fishy odor on addition of potassium hydroxide to
vaginal fluid (positive “whiff test”), and presence of significant clue cells 38 (defined as
>20% of the total vaginal epithelial cells seen on 100x magnification on saline microscopy).
Other point-of-care diagnostic tests take advantage of immediate methods of detecting either
high concentrations of G. vaginalis, a variety of the amines that are prominent, including
sialidase, trimethylamine, and prolineaminopeptidase, or some combination of amines and
abnormal pH. 39 Despite the ease of use of these tests, clinicians unfortunately do not
regularly pursue a specific diagnosis of vulvovaginal complaints, and rely (usually
inappropriately) on syndromic management to direct treatment. Moreover, accuracy of the
Amsel criteria in clinical practice is likely limited by clinicians’ lack of or limited skill in
using microscopy to detect clue cells and rule out other important findings, including
trichomonads and yeast forms.

BV may also be diagnosed using a score applied to Gram stains of vaginal fluid, the Nugent
criteria, which quantifies the number of lactobacilli relative to BV-associated bacterial
morphotypes to create a scale of flora abnormality ranging from normal (score = 0-3)
through intermediate (score = 4-6) to frank BV (score = 7-10).40 The Nugent score is widely
regarded as the gold standard for the diagnosis of BV in research studies. Most recently,
targeted qualitative and quantitative polymerase chain reaction (PCR) assays for detection of
various BV-associated bacteria have been studied; this approach may offer some utility in
the future, but has not been widely validated for diagnosis of BV in large, diverse
populations of women and is costly.41, 42 Moreover, quantitative PCR has not yet been well
studied for its ability to differentiate between women who have intermediate flora vs. frank
BV as determined by the Nugent score; women with intermediate flora by Nugent score may
have relatively high quantities of the BV-associated bacteria G. vaginalis and A. vaginae as
determined by qPCR.42 The single commercially available panel using PCR offers detection
of G. vaginalis, Bacteroides fragilis, Mobiluncus mulieris, and Mobilincus curtisii, and thus
detects only a small proportion of the bacterial species that characterize BV. The optimal
molecular methodology or criteria, both qualitatively and quantitatively, to serve as the next
generation diagnostic modality has not been determined. Thus the current commercial tests
require additional validation.

While oral or intravaginal antibiotic treatment usually relieves symptoms of BV in the short
term, relapse is very common, and can be ameliorated by suppressive antibiotic treatment

Antimicrobial compounds with broad activity against most anaerobic bacteria are effective
in relieving symptoms of BV. Metronidazole and clindamycin are the mainstays of therapy.
The published studies have consistently reported resolution of BV in 71% to 89% or more of
women one month after administration of these regimens.3 Intravaginal therapies have had
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efficacy similar to that of oral metronidazole regimens with fewer side-effects. One
prospective study indicated that detection of any of several BV-associated bacteria at the
onset of treatment with intravaginal metronidazole predicted treatment failure at 30 days.43

Clindamycin-resistant bacteria have been reported among women treated with vaginal
clindamycin, although this was not associated with reduced cure rates.44 Tinidazole, a
nitroimidazole with antiprotozoal and antibacterial activity, is approved for the treatment of
BV in two oral dosing regimens (2 gram daily for 2 days or 1 gram given for 5 days).

Interpreting the results of treatment trials for BV requires an understanding of the current
guidance—still in draft form—from the US Food and Drug Administration, which
recommends that clinical cure be defined as the resolution of all four clinical signs (Amsel
criteria) of BV.45 If this definition of cure is used, cure rates for all of the available
therapies, whether administered orally or intravaginally, are usually about 50%. Using
criteria that are more likely to reflect improvement in women’s vaginal symptoms (absence
of BV by Amsel or Nugent criteria), most trials indicate that over 85% of women respond
initially to currently recommended regimens. More perplexing is the high rate of early
recurrence (30% at three months, 50% at six months) reflecting early relapse and more
likely late reinfection, for which successful management has not been forthcoming.
Although each symptomatic episode usually responds rapidly to conventional antibiotic
treatment, rapid recurrence is frequently inevitable.

BV can be suppressed with ongoing antibiotic therapy. In a prospective study, women with
current BV and at least two prior episodes of BV in the previous year were initially treated
with 10 days of vaginal metronidazole gel then, if cured, randomly assigned to receive twice
weekly metronidazole vaginal gel or placebo for 16 weeks.46 They were subsequently
followed off therapy for 12 weeks. Probability for remaining cured during the 16-week
treatment phase was 70% for metronidazole compared with 39% on placebo, which declined
to 34% and 18%, respectively, by 28 weeks follow-up. Adverse effects were uncommon;
however, secondary vaginal candidiasis occurred significantly more often in metronidazole-
treated women (P = .02).

Several placebo-controlled trials have demonstrated that treatment of the male partner(s)
does not improve the clinical outcome of treatment of BV, or reduce recurrence.3 The
discrepancy between data suggesting sexual acquisition of BV, and the lack of benefit of
treating the male partner, remains puzzling, but does not rule out a role for sexual
transmission. Part of the issue may be that the selection or dosing of the antibiotics used in
the trials done to date was not appropriate or adequate for eradicating a potential reservoir
for BV-associated bacteria in men.

The role of vaginal repletion using Lactobacillus therapies remains unproven
Even though certain lactobacilli may play an important role in maintaining the normal
vaginal flora, it remains to be determined whether the application of such lactobacilli is
sufficient to restore the vaginal microflora. At least one human-derived strain of
Lactobacillus crispatus (CTV-05) is currently under study as treatment for BV, but is not yet
commercially available.47, 48 In a randomized, placebo-controlled trial of this product
administered with oral metronidazole as treatment for BV, women randomized to the
CTV-05 group were less likely to be colonized by endogenous strains of lactobacilli one
month after treatment, suggesting that the L. crispatus contained in the CTV-05 disrupted
vaginal colonization by endogenous lactobacilli, suggesting that probiotic strains of
lactobacilli may disrupt colonization by endogenous strains of lactobacilli through
competitive inhibition.49 However, a recent study of orally administered lactobacilli
reported a high level of effectiveness among African women.50
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The microbiota of BV is complex, and is characterized by a high degree of species
richness and diversity, which includes many fastidious bacteria that are either
uncultivated or have only recently been cultivated

New tools in molecular biology have greatly expanded our understanding of microbial
diversity in the human vagina, particularly by identifying fastidious or cultivation-resistant
bacteria (Figure 1) 51-54. However, every technology has its strengths and limitations, and no
method is free from bias51. A variety of molecular and cultivation methods can be used to
build a model of the vaginal microbial ecosystem, allowing us to better understand how
microbes interact with each other and the human host to promote health or facilitate disease.

Molecular vs. Cultivation Methods—Molecular methods have been widely adopted to
study microbial populations because cultivation-based approaches do not detect or identify a
large percentage of microbes present in most niches, including those associated with
humans. Nevertheless, cultivation technology has some important advantages over
molecular methods when detecting an organism that is capable of laboratory propagation.
For example, cultivation methods can detect a single bacterium in a large volume of tissue
or body fluid, offering unrivaled detection thresholds. For example, Escherichia coli and
enterococci are not commonly detected in vaginal samples using molecular methods, but are
commonly detected using cultivation approaches7, 55. This observation reflects the fact that
some bacteria are easily propagated in the laboratory on selective media but are not the
dominant bacteria based on cell concentration or bacterial DNA content. In addition,
cultivation approaches are relatively inexpensive, have moderate throughput, and require
less technical skill than molecular approaches making cultivation technology more
accessible. Furthermore, cultivated isolates are valuable for studying microbial virulence
factors, assessing metabolic capabilities of microbes, developing diagnostic tests, and
assessing antibiotic susceptibility. Unfortunately, cultivation offers an incomplete view of
microbial diversity because only those organisms capable of independent growth under the
relatively artificial conditions found in the laboratory emerge to be counted. Even if
propagated in pure culture, some novel microbes are not accurately identified using
conventional phenotypic identification algorithms. In conclusion, cultivation is a very useful
tool for the detection of cultivable microbes, but fails to detect many microbes such as
several fastidious vaginal bacteria found in women with BV.

A Primer on Molecular Methods—A major advantage of molecular microbiological
approaches is the ability to detect and identify microbes without cultivation, thereby
overcoming cultivation bias. These strategies use genomic information to classify microbes,
and there are several phylogenetically informative genes for this purpose including those
coding for ribosomal RNA, heat shock proteins, RNA polymerase, and elongation factors.
The sequences of these genes serve as molecular bar codes to identify microbes. For
instance, the presence of unique Lactobacillus crispatus gene sequences in a vaginal fluid
sample can be used to infer the presence of this bacterium without ever cultivating the
organism. Several different molecular approaches have been used to characterize microbial
communities, including:

Broad-Range PCR: Broad-range or consensus sequence PCR of ribosomal RNA genes is
most commonly used to characterize the census of microbial communities. For example,
primers that anneal with highly conserved regions of the bacterial 16S rRNA gene can be
employed in a PCR to amplify segments of the gene from most bacterial species, and these
amplification products typically contain intervening regions of sequence that are highly
variable (or species/taxon specific) allowing for the identification of bacteria. Mixed
bacterial communities yield mixed PCR products, and the sequences must be sorted in some
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way to distinguish between individual taxa. There are several widely used approaches for
achieving this separation of PCR products for microbial classification, including:

1. Denaturing gradient gel electrophoresis (DGGE) with separation of PCR products
into bands on a gel under denaturing conditions, with different PCR products
(containing different sequences) having different mobility profiles in the gel56.
Bands from the gel may be excised and sequenced to identify bacteria.

2. Terminal restriction fragment length polymorphism (T-RFLP) analysis wherein
PCR primers are fluorescently labeled and used to generate PCR products. The
amplification products are cut with restriction enzymes and the sizes of the terminal
fluorescently labeled PCR product fragments are determined on a gel using a
fluorescence scanner and fluorescently labeled size standards run concurrently57.
Amplification products with different sequences are cleaved into different size
fragments with each unique bacterium tending to have a different size terminal
fluorescent product. A database of terminal restriction fragment lengths from
known bacteria is used to identify bacteria in the vaginal sample.

3. Cloning and sequencing, wherein broad-range PCR products are ligated into
plasmids and each plasmid with a single 16S rRNA gene sequence is used to
transform E. coli, turning each bacterium into a plasmid factory53. Individual
colonies of E. coli are picked and the plasmid insert containing the 16S rRNA gene
fragment is sequenced. The 16S rRNA gene sequence is compared to known
bacterial sequences to identify the bacterium (in the case of a complete match), or
to infer phylogenetic relationships (for an incomplete match). See Figure 1.

4. Cloning with amplified ribosomal DNA restriction analysis (ARDRA), wherein
cloned 16S rRNA gene PCR products (plasmids or plasmid inserts) are cleaved
with restriction enzymes and the fragments are analyzed by gel electrophoresis55.
Different bacteria tend to have different ARDRA band patterns that can be linked
to specific organisms by sequencing the full insert for selected clones. The ARDRA
approach reduces the sequencing burden, but is no longer cost effective in the era
of high throughput and low-cost sequencing.

5. Pyrosequencing using the 454 sequencing system. Although there are several high-
throughput sequencing platforms that are commercially available and could be used
to analyze PCR products, most produce short reads that are not optimal for
phylogenetic analysis of complex microbial communities. In contrast, the Roche
454 platform generates read lengths (>250 bp) that are sufficiently long for
meaningful phylogenetic analysis and identification of microbes58, 59. In this
approach 16S rRNA gene PCR products are typically generated using fusion primer
sequences that allow attachment of single sequences to microscopic beads.
Emulsion PCR is performed on the beads, creating a molecular clone of a single
sequence type on each bead.60 The emulsion is then broken and the beads are
floated into wells on a picotiter plate where sequencing by synthesis occurs in each
well. Photons of light corresponding to nucleotide incorporation events are
recorded to produce a sequence read for each PCR product. Sequences are
compared to known bacterial 16S rRNA gene sequences to identify organisms.

The advantage of broad-range PCR is the ability to assess microbial diversity without having
an a priori hypothesis about the composition of the microbiota (in contrast, see taxon-
directed PCR). Importantly, broad range PCR primers are not free from bias as not all
species are amplified using so called “universal” primers, and not all taxa are amplified with
the same amplification efficiency. Nevertheless, broad range PCR is capable of detecting
greater bacterial diversity than cultivation methods. Broad range PCR with analysis of
amplification products is also not very quantitative. The proportion of clones in a clone
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library provides a rough idea about the relative concentrations of 16S rRNA genes, which is
roughly correlated with the number of bacteria, but does not provide data on the absolute
concentrations of bacteria in a sample. Furthermore, a bacterium may be present in a vaginal
sample but not detected in a broad range PCR clone library, DGGE gel, or T-RFLP analysis
because it is a minority species. For example, a minority bacterium’s 16S rRNA gene
sequence may be present in only 1 of 1000 clones, so analysis of 100 clones will likely fail
to detect this bacterium in the community. The large number of “clones” or sequence reads
produced by 454 pyrosequencing can mitigate this problem, though broad range PCR
methods are still not as sensitive as directed PCR assays. Table 2 compares these broad-
range PCR approaches.

Taxon-Directed PCR: An alternative molecular approach to broad range PCR is taxon-
directed PCR wherein one designs primers to PCR amplify a specific microbe or microbial
group41. Fluorescently labeled probes may also be used in a real time PCR format to
increase the specificity of the assay and to generate quantitative data61. Design of the
primers and probes can be used to tune the assay to target more selected or more inclusive
taxonomic groups. For example, one could design a qPCR assays that detects all species in
the Mobiluncus genus, or one could design an assay that is specific for Mobiluncus curtisii.
The presence of the intended PCR products needs to be confirmed by sequencing or by
probe hybridization—the mere presence of a PCR product of the expected size noted on gel
electrophoresis is not sufficient evidence to establish identity. The advantage of taxon-
directed PCR over broad-range PCR is the ability to detect low levels of bacterial DNA in a
sample and assess for the presence of minority species. An optimized taxon-directed PCR
assay is not affected by the presence of other bacteria and this allows one to determine if a
specific bacterium is present or absent in a sample, at least down to the limit of detection of
the assay. The disadvantage of this approach is the limited number of bacteria that can be
practically assayed. If one runs 20 taxon-directed PCR assays on a vaginal sample and all
assays are negative, it does not mean that the sample is free of bacteria, only that the bacteria
assayed are not represented. Thus, this taxon-directed PCR approach provides a narrower
view of microbial populations, but can detect lower levels of bacteria and can do this in a
quantitative fashion with qPCR.

Fluorescence in situ hybridization (FISH): Fluorescently labeled oligonucleotide or
peptide nucleic acid probes targeting bacterial ribosomes can be hybridized with fixed
bacteria in tissues or body fluids to detect and identify bacteria by microscopy. The standard
approach uses a panel of probes, including some that target all bacteria, and others that
target specific taxonomic groups including species55. Bacteria have thousands of ribosomes
per cell, and therefore bacteria have many binding sites for the probes that can lead to a
strong fluorescence signal for visualization using fluorescence or confocal microscopy. For
example, a FITC-labeled (green) probe targeting members of the Prevotella and
Porphyromonas genera was hybridized with vaginal fluid from a subject with BV. After
fixation of cells on a slide and hybridization of probe, unbound probe was washed away and
bacteria were visualized by epifluorescence microscopy (Figure 2). FISH provides data on
bacterial morphology and physical location in tissues that is not obtained using other
molecular methods such as PCR. FISH also provides quantitative data by allowing for direct
bacterial counts in tissues or body fluids. Limitations of FISH include high levels of
background autofluorescence in some tissues after fixation, and the potential for
hybridization of probes with non-target species or taxa leading to incorrect identification of
bacteria. FISH is complementary to broad-range 16S rRNA gene PCR methods because the
16S rRNA gene sequences generated by PCR can be used to design FISH probes targeting
bacterial ribosomes, thereby providing an independent method to confirm PCR results.
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Phyloarrays: Microarray platforms using either solid supports (glass slides) or beads can be
employed to characterize microbial communities without cultivation62. A typical phyloarray
contains thousands of target 16S rRNA gene sequences at defined locations. The query
sample (bacterial rRNA or rDNA) is labeled with a fluorescent reporter and this probe mix
is hybridized to the array to determine if sequences in the sample are complementary to
specific targets as reflected by fluorescence signal. Microarrays can be used to identify
bacterial sequences generated by broad-range 16S rRNA gene PCR, or can be used to
identify rRNA sequences directly isolated from clinical samples without PCR amplification.
The advantages of phyloarrays include their ability to detect thousands of different microbial
taxa in a single sample using a moderate throughput format at a reasonable cost. The
disadvantages of phyloarrays include their failure to identify truly novel species (since these
are not represented on the chip), the potential for cross-hybridization events that lead to
misidentification of closely related taxa, and the higher detection thresholds compared to
qPCR (i.e. worse analytical sensitivity).

In conclusion, cultivation-independent molecular methods have been extremely useful in
understanding the diversity of bacteria associated with BV and these methods complement
cultivation-based studies. Broad range PCR with cloning and Sanger sequencing provides
the most complete assessment of bacterial phylogeny based on analysis of large regions of
the 16S rRNA gene. High-throughput pyrosequencing allows for deep sampling of the
microbial community and the detection of minority species. DGGE and T-RFLP are
methods that provide rapid assessment of multiple samples at low cost to assess the
dominant species. Quantitative PCR provides data on concentrations of particular species
and how they change over time and under different influences. FISH provides information
on bacterial morphology and localization in tissues. Phyloarrays allow for the detection of
thousands of known bacteria by probe hybridization in a single sample. Each of these
methods is useful, but all are subject to practical and scientific limitations; all methods have
well-documented biases.

Deliberations of the Workshop Working Groups (Table 3)
Diagnosis and Clinical Management Working Group

As summarized in Table 3, the goals of this working group included a discussion of two
main related areas. The first was to work towards consensus definitions for clinical and
laboratory outcomes that are pivotal to the study of BV’s natural history, including
therapeutic trials. The second area was the current diagnostic standards for BV, particularly
as they relate to inclusion criteria for clinical trials that aim to follow women’s risks for or
response to treatment of BV throughout the lifespan, and how molecular approaches to
defining BV might best be studied and validated.

Optimizing definitions and clinical endpoints—In reviewing the BV literature, it
became clear that across studies there was often a lack of standardization and consistency in
reporting on several key areas, including timing of sampling in prospective studies, lack of
adequate characterization of the women enrolled (particularly for status of vaginal
symptoms associated with BV), and participants’ recent use of products that might alter the
vaginal microbiota, including vaginal products and systemic antibiotics. The group agreed
that several features could be used to encourage inclusion of appropriate target participants
and to improve the generalizability and reliability of vaginal findings. These included: (1) a
clear statement of whether sampling was being performed at baseline and, if women were
followed prospectively, what interval time periods were used; (2) participants’ report of
vaginal symptoms (see below for discussion of potential definition), in addition to report of
the objective sign of vaginal discharge compatible with BV; (3) enrollment of reproductive
age women as a priority, recognizing the need to expand study into pre-pubertal and peri-/
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post-menopausal women; (4) use of Nugent score as a gold standard, despite limitations
discussed below; (5) use of modified Amsel criteria (including all but the KOH (“whiff”)
test, whose subjectivity was emphasized; (6) encouragement of vaginal specimen collection
in ideal situations, including lack of prior antibiotic (30 days) and any intravaginal product
in the previous 24 hours; and (7) collection of vaginal fluid using swabs applied to a
standard anatomic site (lateral vaginal wall). Discussion of specific questions is reviewed
below.

Which criteria should be used in research studies to define BV and normal
vaginal microbiota, and should asymptomatic subjects be considered
“normal” regardless of their vaginal microbiota?—The group proposed a
framework for defining the vaginal microbiota as described below.

○ BV is present when Nugent score ≥7 and modified Amsel criteria are positive,
regardless of symptoms. However, whether symptoms are present should be clearly
conveyed. A definition of abnormal symptoms was proposed to include, at a minimum,
participant report of increased, malodorous vaginal discharge.

○ Vaginal microbiota is normal when Lactobacillus is the predominant species, as
defined by Nugent score <4.

○ Vaginal microbiota is intermediate when sampling reveals no days of normal
microbiota, and no days of BV, as defined above.

How should cure of BV be defined? How should we distinguish between BV
persistence, relapse, and recurrence?—Therapeutic studies of BV have used
different schedules to define outcomes post-therapy. The group discussed several schemes
for sequential sampling to detect BV using the above criteria, with the consensus being that
at least two samples should be obtained after the initiation of treatment; these should reflect
that while some clinical features of BV improve rapidly with treatment (for example, loss of
abundant clue cells), others take considerably longer (for example, normalization of vaginal
pH). Ideally, the timeframe over which these two samples are collected should span at least
one menstrual cycle if relevant. The first assessment should be undertaken at 7-10 days post-
initiation of treatment, and would afford an estimate of early treatment efficacy (cure). At
this assessment, cure should be defined by the absence of significant number of clue cells
(<20% of all epithelial cells on saline microscopy at 100X magnification) and attainment of
Nugent score ≤6; improvement of symptoms should be included, but would constitute a
separate component of treatment response. The second assessment should occur 35-40 days
post-initiation of treatment, and would afford an estimate of three possible outcomes,
depending on the result of the assessment at 7-10 days: long-term efficacy, persistence, or
relapse (Figure 3). At this point, cure should be defined as absence of significant number of
clue cells, normalization of pH (≤4.5), and Nugent score ≤3 (normal flora).

Of critical importance is the collection and report of participant’s subjective symptoms at
follow up; questions regarding abnormal symptoms should be standard and should include
status of abnormal vaginal discharge and odor. By this standard, women with a Nugent score
of >3 would be categorized as treatment failures, whether or not their Nugent score is
determined to be in the intermediate or BV range. Moreover, utilization of the Nugent score
for this purpose does not rely on speciation of the Lactobacillus involved, a procedure that is
well beyond the capacity of the majority of laboratories involved in clinical trials related to
BV.

Recognizing the dynamic nature of vaginal microbiota, the value of daily, prospective
collection (including self-collection) of vaginal samples for characterization of the

Marrazzo et al. Page 9

Sex Transm Dis. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



microbiota, following women who began with BV, with normal microbiota, and with
intermediate microbiota, was emphasized; this approach should constitute a research effort
in itself, apart from therapeutic clinical trials.

The role of cultivation or molecular microbiological criteria in the diagnosis of
BV—The group agreed that normal vaginal microbiota could be characterized by the
presence or absence of specific bacteria, but that further work was needed to define the
performance characteristics of assays that would do this. For example, different BV-
associated bacteria are likely to have different predictive values for detection of BV, and
combining some of these bacteria might enhance these values. Gardnerella vaginalis, which
appears to be ubiquitous in women with BV and characterizes the BV-associated biofilm in
studies that have specifically looked for this bacterium, is also present in the vagina of up to
70% of women with normal microbiota.41 Other BV-associated bacteria, including
Atopobium vaginae, BVAB-1, BVAB-3, and Megasphaera type-2, are highly specific for
BV, each with a negative predictive value for BV >92% when used as a single assay and, in
the case of BVAB-2 and Megasphaera type-2, >95% when used in combination. However,
the group acknowledged that approaches using bacterium-specific assays to diagnose BV
require validation in larger and more diverse groups of women, as the studies to date have
been small or have focused on epidemiologically distinct groups with limited data collected
on subjects. An additional objective of such studies should be to consider whether
quantitative thresholds of BV-associated bacteria—for example, with quantitative PCR—
might offer additional enhancements to diagnostic performance. Finally, while species-
specific PCR assays for the Lactobacillus species most predictive of vaginal health (namely,
L. crispatus and L. jensenii) might be useful markers for resolution of BV, the group
determined that validation of this approach, particularly as it relates to the standard use of
Nugent criteria, was required.

Additional priorities for BV-related research—Group members emphatically noted
the need for research in several additional areas. First, recognizing the limited rates of long
term cure afforded by current treatment regimens, development of alternative treatment
approaches should be emphasized. Second, given the role of unprotected sex in subsets of
women with BV and the observation that male circumcision has been associated with
reduced incidence of BV,12 the role of male sex partners, particularly as a reservoir for BV-
associated bacteria, in BV pathogenesis and response to treatment should be clarified. Third,
the contribution of host immunogenetics to BV is not understood and needs to be studied.
Fourth, the natural history of vaginal Lactobacillus acquisition (apart from their involvement
in the natural history of BV) is not understood, and should be clarified through prospective
studies of women throughout the life span. The group noted that organized establishment of
specimen repositories across institutions could advance work towards these goals by
providing access to collections of samples from diverse groups of women with clearly
defined demographic, clinical, and microbiologic characteristics.

Critically, the group agreed that a key outcome of the workshop should be the
communication of these discussions with FDA and a dialogue initiated on the current draft
guidance (which date from 1998) for definition of clinical trial endpoints,45 and because the
definition of new terms (recurrence, persistence) could provide clarity and critical
information on new aspects of therapeutic outcomes.

Working Group on Molecular Methods in BV
What is the state of knowledge in the field?—Members of the Molecular Working
Group have used a wide variety of methods to characterize the vaginal microbiota in women
with and without BV, and conclude that most major vaginal bacterial species have likely
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been detected using these methods, though it is possible that low abundance species remain
to be discovered. The relevance and role of minority species (the “rare biosphere”) in the
vaginal microbial ecosystem remains to be determined. Approaches for detecting these rare
species include use of:

1. Taxon-limited PCR primers with sequence analysis of the PCR products, such as
with broad range Prevotella genus primers.

2. Blocking primers to suppress amplification of known dominant bacterial species in
order to enrich for novel or low abundance species in broad range PCR.

3. Deep 454 pyrosequencing methods to detect rare broad range PCR products.

4. Phyloarrays (microarrays) that can simultaneously detect thousands of microbes
including those present at relatively low abundance.

It is also possible that some populations of women have novel bacterial communities yet to
be discovered; this question can only be resolved by analyzing culturally and geographically
diverse populations of women.

Is there value in harmonizing or standardizing molecular approaches across
groups?—Different research groups have formed slightly different conclusions about the
composition of the vaginal microbiota. Many factors can influence results of molecular
surveys, including the precise site of sampling, the collection method (swab, scrape, lavage),
the DNA extraction method, the primers used in PCR and subsequent conditions (e.g.
annealing temperature), and the method used to characterize the amplicons. Do differences
in studies reflect true differences related to variation in the human vaginal microbiota, or
methodological biases due to use of different methods? For instance, should all groups use
the same DNA extraction methods and broad range 16S rRNA gene PCR primers to achieve
better consensus? Members of the group concurred that achieving consensus on methods is
unlikely. Furthermore, some felt that there was an advantage to using multiple approaches to
characterize the vaginal microbiota as this strategy would help compensate for the biases of
individual methods and lead to a more accurate assessment of the true microbial ecology of
the human vagina. On the other hand, there was universal agreement in the value of sample
repositories. Access to aliquoted samples such as cervicovaginal fluid or vaginal swabs from
well-characterized individuals would allow different labs to compare results and distinguish
between methodological and biological differences. Furthermore, banked samples would
allow investigators to apply new technologies to these samples in the future. The group
concurred that creation of a sample repository would have great scientific value for the
research community, but declined to suggest any guidelines for standardizing molecular
methods.

The nomenclature problem: how should bacteria be named when one only
has a 16S rRNA gene sequence and there are no close phylogenetic affinities
for the organism?—The challenges associated with naming uncultivated bacteria are not
unique to the vaginal niche. A formal genus and species designation cannot be minted for a
newly described bacterium without having a cultivated isolate, though a provisional
Candidatus status is allowed when in situ hydridization images demonstrate the microbe in
its natural state.63 The problem with the Candidatus status is that phenotypic data
(metabolism, spore formation, Gram stain characteristics) discovered during cultivation may
significantly change what is known about the organism and hence its most appropriate
taxonomic placement. Although there was wide agreement that having multiple names for
the same organism would lead to confusion, there was no consensus on how to avoid this
problem. The Working Group suggested engaging the NIH Human Microbiome Project
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Working Groups, the American Society for Microbiology, and taxonomists to help create
standards for naming bacteria detected in molecular surveys.

What are the optimal targets for the molecular diagnosis of BV?—A few groups
have investigated the use of bacterium-specific PCR assays for the diagnosis of BV 41, 42, 64.
Although several bacterial targets appear promising, the optimal targets remain to be defined
and additional studies are needed. In particular, the Molecular Working Group highlighted
the importance of studies that compare PCR assay results to both Amsel and Nugent criteria
for the diagnosis of BV, as well as comparing PCR to point-of-care diagnostic tests for BV.
An important unresolved issue is how to handle Gram stain results with Nugent scores of
4-6 indicating intermediate flora. Some investigators have tended to ignore this group,
focusing on subjects with Nugent scores of 0-3 indicating normal flora and 7-10 indicating
BV, thereby artificially increasing reported diagnostic test performance42. Unfortunately this
is not a tenable approach to analysis when all subjects must be considered when evaluating a
diagnostic test. Another unresolved question is what to do with a positive molecular
diagnostic test for BV in a pregnant woman. There is ongoing debate about when BV should
be treated to reduce the incidence of preterm birth, or whether there is any value to treatment
of BV in pregnancy. There is even less information about which vaginal bacterial species
may impart elevated risks of preterm birth.65 Ongoing studies should help resolve some of
these questions.

What are the current research gaps in the field?—There are several outstanding
questions that warrant further investigation. The most basic question is, what is normal for
the human vagina? Normality can be assessed on several levels. What is normal clinically,
microbiologically, and immunologically? A separate but related question is, what is healthy
for the human vagina? A condition may be considered normal, or within the normal range,
yet not be optimal in reference to health outcomes. Which bacteria or bacterial community
types are associated with BV, and what accounts for the heterogeneity in microbiology
found in BV? A major limitation of several studies of the vaginal microbiota is their failure
to use any objective method such as Amsel or Nugent criteria to assess for BV. Since about
half of women with BV are asymptomatic, assessing for symptoms is not a reliable approach
for excluding subjects with BV. How does the vaginal microbiota change with menstruation,
sex, age, hygiene practices, and antibiotics? Do particular vaginal bacteria or bacterial
communities impart a higher risk of preterm birth, HIV infection, pelvic inflammatory
disease, or post-surgical infection?

The importance of longitudinal studies—There was wide agreement that the data
collected from well-designed longitudinal studies will be critical for answering some of the
unresolved questions stated above. Ideally, studies will collect vaginal samples, such as
swabs, on a daily basis from hundreds of women to determine how the vaginal microbiota
changes on short time scales in response to hormonal and behavioral factors. Women with
diverse ages, races, sexual orientations, sexual practices, geographic representation, and
underlying health status should be enrolled. For instance, there is a paucity of data on pre-
adolescent women. Twin studies would help illuminate the role of genetics in vaginal
bacterial colonization. Metadata should be collected along with the vaginal swabs, including
data on sexual practices, vaginal pH, antibiotic use, and periodic Gram stains of vaginal
fluid. These studies will shed light on the changes in vaginal microbiota that correlate with
BV and the dynamic microbial ecology of the human vagina. Are there keystone species in
BV that form the initial wave of bacteria that facilitate colonization with other species, or
does the entire community of BV-associated bacteria become established simultaneously?
What changes in the vaginal environment precede the development of BV?
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Experimental controls for molecular studies, or when should you believe PCR
results?—PCR is the workhorse of molecular studies, but this powerful technique is
subject to some common problems, including false positive and false negative results.
Interpreting PCR studies therefore requires the use of appropriate experimental controls. No-
template controls (NTC) consisting of all necessary PCR reagents but lacking template DNA
are used to monitor for false positive results at the PCR assembly stage. False positive NTCs
may result from microbial contamination of PCR reagents or carry-over contamination from
previously amplified PCR products. DNA extraction (or digest) controls are used to monitor
for false positive results arising during the DNA extraction procedure and should be
included with every assay. False negative results can be assessed using several types of
assays. For instance, self-collected vaginal swabs are occasionally mislabeled or not actually
used to collect vaginal fluid. Use of a human gene PCR assay, such as one targeting the 18S
rRNA or beta-globin gene, or use of a common bacterial target (broad range 16S rRNA gene
PCR) can be used to determine if the swab was used to collect vaginal fluid. Swabs without
human DNA have not contacted a human surface or have degraded material. It is also
important to assess for PCR inhibitors in the extracted DNA from vaginal samples. Use of
an internal amplification control PCR using exogenously added template at known
concentration, along with primers and probe, is the most direct approach for monitoring
PCR inhibition as this second PCR takes place in the same tube as the bacterial PCR assay.
Failure or delay in amplification of the exogenous template (e.g. jellyfish aequorin gene)
provides evidence that a PCR inhibitor is present leading to false negative results.66

Molecular studies should rigorously test for false positive and false negative results using
appropriate assays so that results are interpreted with the most accuracy.

Conclusions—Molecular microbiological methods have been extremely useful in
describing the true extent of microbial diversity found in the human vagina and the complex
microbiology of BV. Different molecular approaches provide slightly different perspectives
that are best interpreted by understanding the strengths and limitations of each method.
Molecular and cultivation-based methods are complementary, and data from all approaches
should be synthesized to create the most accurate models of the vaginal microbial
ecosystem. The use of shared definitions, sample repositories, and appropriate experimental
controls will help create scientific consensus and advance the field.

Working Group on Complications of BV
BV as defined by Amsel and/ or Nugent criteria is associated with significant morbidity in
women including poor pregnancy outcomes, PID, HIV acquisition, other sexually
transmitted infections and post gynecologic surgery wound infections.3 However, failure of
antibiotic treatment to prevent some of these complications67 and an observed lack of
association of BV with PID in one prospective study68 have raised doubt about the causal
role of the syndrome in these conditions.68 The BV Complications Workgroup agreed that
while the Nugent and Amsel criteria have been useful research tools over the last several
decades, further advances of our understanding of how vaginal bacteria affect women’s
health will be dependent upon current research focused on the vaginal microbiome. This
research has the potential to provide more precise classification of genitourinary tract
microbiota into distinct categories. With this categorization, future studies of BV
complications can determine if specific combinations of organisms are more pathogenic than
others, and causally associated with different morbid events. Determination of causality will
be dependent not only on more precise categorization of the vaginal microbiota, but also on
variations in the host environment that may be associated with changes in bacterial
communities over time. 69-71 Continued development of the transcriptomic and metabolomic
technology will be of critical importance to the success of these endeavors.
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The group also recognized that vaginal microbiota varies significantly over time. Natural
history studies of the vaginal microenvironment as facilitated by the human microbiome
project will be important in designing future studies of BV complications, as it seems likely
that only persistent vaginal bacterial community types will predict disease. Natural history
studies should focus on understanding what drives shifts in the vaginal microbiota. Such
studies will be important in designing future prevention strategies. Specific points related to
the major complications of BV are addressed below.

Abnormal pregnancy outcome—One of the problems contributing to the difficulty of
establishing a direct link between BV and preterm delivery (PTD) and preterm premature
rupture of membranes (PPROM) is the fact that most studies have focused on late term
events. The later the onset of these events, the greater the number of potential etiologies that
may confound associations between specific changes in the vaginal microbiota and poor
pregnancy outcome.67 The group agreed that such studies should be initiated earlier in
pregnancy and that sequential specimens should be collected at relatively short intervals in
order to clearly establish that putative pathogenic microbial communities are persistent. As
early PTD and PPROM are less common than that later events, cases control study designs
will be necessary in order to limit the number of patients that must be prospectively
followed for the development of these relatively rare events. Otherwise the cost of such
studies will be prohibitive. As noted above, a key to such studies is a better understanding of
the extent of variation in vaginal bacterial communities so that women can be selected for
inclusion in research protocols. In this context, focusing on women with prior PTD may be
the best initial approach. PTD has also been associated with gingivitis,72 and it may be
important to determine if there are links between the microbiota of the mouth and the
vagina. Finally, previous studies of the effect of BV treatment on pregnancy outcome were
hampered by the relatively poor sustained efficacy of current BV treatment. Within a few
months following treatment with any currently recommended treatment, nearly 50% of
women have a recurrence of symptomatic or asymptomatic BV.73, 74 Therefore, the
advisability of future treatment studies of BV in pregnancy heavily depends on the
availability of more effective therapy.

Association between BV and HIV infection—The association of BV and HIV
infection has been well established.75 Moreover, studies have demonstrated that incident
HIV infection is associated with BV.75, 76 If better BV treatment strategies can be devised
and these can be shown to lower the risk of HIV acquisition, the public health benefits
would be enormous. However, as in the case of pregnancy outcomes, it may be critical to
improve upon current treatment approaches before design of such studies can be optimized.
It may be that longer duration treatment or intermittent suppressive treatment will be
necessary unless new, more effective antimicrobials become available. Additionally, as
noted above, better data are needed on the differences in microbial communities and on how
the vaginal microbiota influence the local host immune milieu, especially with regard to the
recruitment to the vaginal tissues of target cells for HIV infection. Subjects enrolled into the
placebo arms of ongoing or planned trials of topical microbicides could be used to evaluate
the effect of the vaginal microbiota on the host immune system, as these studies include
assessment of many if not all of the host response pathways affected by BV. The importance
of this issue is such that, once more effective therapeutic approaches have been identified,
this research should be initiated as soon as possible. Specimens can be collected and stored
while the fine points of vaginal microbiota variations and the host response are being
worked out.

Pelvic inflammatory disease—PID is difficult to study as the disease is relatively
uncommon, and the clinical diagnosis is highly non-specific. Achieving adequate case
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numbers usually requires a multicenter approach or a long study duration. Laparoscopy for
diagnosis is no longer the standard of care so it is difficult to justify direct fallopian tube
sampling in order to determine which vaginal microorganisms are present at the infection
site where the greatest damage is done. Endometrial biopsies are possible and have been
used in a number of relatively recent PID studies. 77-79 Simultaneous sampling of the vagina
and endometrium in adequate numbers of patients should inform us as to which
microorganisms at least have the capability of ascending into the upper genital tract as well
as establishing the relationship to histological endometritis. Quantitative NAAT assays may
be particularly important in this setting as it is difficult to avoid some degree of
contamination of the biopsy instrument as it is passed through the endocervix into the
uterine cavity.

Post procedure infections—BV has been associated with post partum endometritis80,
vaginal cuff cellulitis following abdominal hysterectomy26, 81, and post abortion PID82.
Assessment of preoperative vaginal microflora in conjunction with post operative molecular
assessment of wound infection sites will be important to understanding more clearly the role
of specific organisms in these infections. Preoperative treatment may be necessary in only a
subset of patients. The possible effects of vaginal microbiota thought to be “high risk” on
the host immune response also should be investigated. These studies could be nested within
treatment studies, though better treatment options will be needed before such studies are
undertaken. As emphasized by the Diagnosis and Clinical Management Working Group,
careful case and outcome definitions are needed for these studies.

The most important conclusion of this working group was that a great deal of groundwork is
necessary before undertaking further studies of the role of vaginal microbiota in health and
disease in the female genitourinary tract. Better diagnostic methods and more efficacious
treatment strategies are needed before large scale trials are undertaken to evaluate
prevention of complications of BV such as preterm birth.

Conclusions & Future Directions
Despite considerable research effort and recent advances, BV remains an enigmatic
condition. Efforts to link BV to a single cultivated bacterial pathogen, such as Gardnerella
vaginalis, have been unconvincing. Molecular tools have revealed the complex
microbiology of BV, but again have not found a credible single causal pathogen. BV is most
likely a heterogeneous syndrome caused by different communities of vaginal bacteria, as has
been described for the syndrome of periodontitis linked to changes in oral microbial
communities 83. If this view is correct, BV can be considered a dysbiotic condition caused
not by a single pathogen but by a change in microbial composition and community structure.
A woman’s individual risk for a acquiring a particular etiologic vaginal bacterial community
might depend on specific practices, such as unprotected sex or douching. Although the
Nugent and Amsel criteria have been useful research tools, research focused on the vaginal
microbiome may provide more precise classification of vaginal microbiota into distinct
categories. Future studies of BV and its associated adverse outcomes should determine if
specific combinations of organisms are more pathogenic than others, and causally associated
with different adverse events. Moreover, determination of causality will depend not only on
more precise categorization of the vaginal microbiota, but also on variations in the host
environment that may be associated with changes in bacterial communities over time. In this
report, we offer suggestions and recommendations that we hope will facilitate conduct of
consistent approaches to collaborative efforts towards advancing our understanding of the
vaginal microbiota and its impact on human health.
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Figure 1.
Molecular methods such as broad range 16S rRNA gene PCR with cloning and sequencing
have demonstrated that the microbiology of BV is complex and different subjects may have
very different vaginal bacterial communities as evidenced by these two subjects. The eight
most abundant phylotypes (species level operational taxonomic units) are displayed for each
subject.
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Figure 2.
Fluorescence micrograph showing a vaginal epithelial cell coated with bacteria from a
subject with BV. A FITC labeled probe (green) targets Prevotella/Porphyromonas species
and a Cy3 labeled probe (red) targets Atopobium/Eggerthella species. DAPI stains cell
nuclei blue in this overlay image.
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Figure 3.
Proposed timeline and terminology for describing response to treatment of bacterial
vaginosis
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Table 1

Unanswered research questions in the field of BV

- Causation & Pathophysiology:

○ What is the role of the host, pathogen, and/or the biofilm?

▪ Is BV a polymicrobial disease?

▪ What is required to prove causation?

○ What is the role of extravaginal reservoirs and/or sexual transmission?

▪ What is the role of the gut microbiota in establishing and maintaining vaginal microbiota?

▪ What is the role of male colonization by BV-associated bacteria?

○ Are there specific bacteria that account for increased symptoms, or are more likely to be associated with adverse reproductive
health sequelae?

○ Are there specific virulence determinants shared among different bacteria that account for disease?

- Management:

○ Do we need new drugs, new delivery systems, or both?

○ Could normalization of the vaginal microbiots reduce susceptibility to STI’s, PID and pregnancy complications?

▪ If so, how can we accomplish this?

▪ Is there really a way to cure BV?

▪ Why don’t antibiotic therapies provide more durable and complete relief?
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Table 3

Goals and questions for the Working Groups

A. Working Group on Molecular Methods

1. Is there value in harmonizing molecular approaches?

a. Are different results between research groups more likely related to demographic differences among
study populations or methodological differences in study design and implementation?

b. What are the downsides to harmonization? (e.g. selection of specific primers)

2. What experimental controls are necessary to interpret molecular studies?

3. Are there conventions that could be adopted for naming uncultivated bacteria?

4. Would the categorization of vaginal microbial communities into subtypes facilitate clinical research, and if so, what
criteria could be used?

5. What do metagenomic studies offer scientifically, and what are their limitations?

6. How will knowledge of the human vaginal microbiome impact BV research and create new opportunities?

7. Sample collection: Are there methods which optimize the collecting, storing, and accessing clinical samples for research
studies?

8. What conventions could be adopted for the development and application of taxon-directed PCR assays for the detection
of vaginal bacteria, including real time quantitative PCR assays?

a. Defining assay sensitivity: detection thresholds and units of measure

b. Defining assay specificity using near neighbor organisms

c. Experimental controls: extraction and amplification controls

d. Determining total bacterial load with broad range qPCR to assess relative abundance of bacteria with
taxon directed assays

B. Working Group on Diagnosis and Clinical Definitions

1. Optimizing definitions and clinical endpoints

a. What criteria should be used in research studies to define bacterial vaginosis and “normal” vaginal
microflora?

i. Should asymptomatic subjects be considered “normal”?

b. How should cure of bacterial vaginosis be defined?

i. Is re-colonization with Lactobacillus crispatus or Lactobacillus jensenii
required for cure?

c. How should we distinguish between persistence of bacterial vaginosis, relapse, and recurrence?

i. Could we adopt standard definitions for comparing clinical studies? If so,
what standards do you propose?

2. What is the role of cultivation or molecular microbiological criteria in the diagnosis of BV?

C. Working Group on Complications of BV

1. What approaches or methods should be used to investigate the role of vaginal bacteria in adverse health events linked to
BV?

a. Pre-term birth

b. Pelvic Inflammatory Disease

c. HIV acquisition

2. How should intervention studies be designed and implemented?

3. What are the scientific barriers to closing these research gaps?
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