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Epidemiologic studies of vaginal microbiota and incidence of STIs
How do we measure the microbiota (biomarkers)
How does the vaginal microbiota provide protection?
What is a disrupted vaginal environment? Are there optimal states?
How do we study this topic in observational research?

“Why do you
want to study
BV?????”
2000-present

Longitudinal studies of vaginal microbiota and
incident STIs using Amsel/culture/Gram stain
criteria

•

BV states have also been shown to increase viral replication and vaginal shedding
of HIV-1 and HSV-2.

Cu-Uvin 2001; Sha 2005; Coleman 2007; Mitchell 2013; Cherpes 2005; Cohen CR 2012

STI exposure does not
always result in infection
• In 2003, Wiesenfeld et al. utilized cultivation methods to
demonstrate that female STD contacts with a Lactobacillusdominated vaginal microbiota were less likely to be infected with
GC or CT.
• In Wiesenfeld’s study and others, the estimated rate of
transmission to a woman after contact with a partner infected by
CT was estimated to be 25-40%, and to range from 64-80% for GC.
• Does STI acquisition vary in part by the vaginal microbiome that a
woman has?
•
•
•
•
•
•

Wiesenfeld et al., CID 2003
Katz Chlamydial infections. Cambridge University Press; 1990
Quinn et al., JAMA 1996
Lycke et al., Sex Transm Dis 1980
Katz et al., Stat Med 1992
Saigh et al., Infection and immunity 1978

In brief:
Current thinking about how the vaginal
microenvironment can protect against STIs
‣ Lactobacillus spp. are considered keystone bacteria because of their ability to
produce lactic acid through the fermentation of glycogen.
‣ Mechanisms at work:
– Resistance to co-colonization
– Lactic acid production
– Result in lower vaginal pH
– Lactic acid isomers may operate differentially
– Bacteriocins (bacteriocidal proteins)
– Biosurfactants (peptides alter surface tension and bacterial adhesion)
– Adhere to mucus, which form barriers against pathogens
– ie/ lactobacilli influence the ability of T. vaginalis to adhere to host cells
– Disrupt biofilms
– Biogenic amines- enhance growth rates of various pathogens and shield them
from host innate immunological defenses

Clinical trials addressing whether
treatment of BV prevents STIs?
•

•

•

Treatment of BV with metronidazole
gel followed by twice-weekly gel
prophylaxis reduced the incidence of
CT (Schwebke AJOG 2007)
Secondary analysis from a trial of
periodic presumptive treatment (PPT)
intra-vaginal metronidazole and
miconazole showed a trend toward
lower incidence of CT and GC in the
treatment arm compared with placebo
(Balkus JID 2015)
Treatment of asymptomatic BV with
oral metronidazole (500 mg twice daily
for 7 days) did not affect the incidence
of GC/CT (Schwebke CID 2016)
– Lack of adherence to a treatment
regimen?
– Need longer duration of
treatment?

State of BV
• Prior studies of BV and STI risk have been based on
clinical criteria for BV, Gram stain analysis or cultivation
of bacteria.
– The overwhelming majority of microbial species (>99%)
resist cultivation in the laboratory.

• Different communities of vaginal bacteria are likely to
differ in terms of ability to protect the lower genital
tract.
• The genus Lactobacillus is thought to be protective,
however we need more strain-specific data. (L. iners?)
• How can molecular approaches inform us?

Do specific species of Lactobacillus
alter risk to HIV?
• Cervicovaginal mucus (CVM) can provide a barrier that precludes
HIV and other sexually transmitted virions from reaching target cells
in the vaginal epithelium
• The barrier properties of CVM among populations of women are
not well understood
• Using high resolution particle tracking of fluorescent HIV-1
pseudoviruses, Nunn et al. found that pH, Nugent score, and total
lactic acid levels were not associated with virus trapping
– HIV-1 was generally trapped in CVM with relatively high
concentrations of D-lactic acid and a Lactobacillus crispatusdominant microbiota.
– A substantial fraction of HIV-1 virions diffused rapidly through CVM
with low concentrations of D-lactic acid that had a Lactobacillus
iners-dominant microbiota (also G. vaginalis abundant)

Nunn et al. mBio 2015

Difficulty in assessing composition by Gram’s stain
Light microscopy image (600x) of Gram stains from six vaginal
strains.
(a) L. crispatus ATCC 33820

(d) L. iners DSMZ 13335

(b) L. gasseri ATCC 9857

(e) Atopobium vaginae BAA55

Slide borrowed from Larry Forney, University of Idaho

(c) L. jensenii ATCC 25258

(f) Gardnerella vaginalis
ATCC 14018

Molecular Microbial Communities Analyses
Several levels of analyses:
Who is there?
• Survey of the microbial species composition and abundance in samples by sequencing
taxonomic marker genes (16S rRNA gene)
What can they do?
• Metagenomics - Determine the microbial community gene content by sequencing
genomic DNA
What are they doing?
• Metatranscriptomics determine the suite of gene expressed by the microbial
community
• Metabolomics evaluate the chemical output of a community and its host (performed
by NMR or Mass Spectrometry/Gas spectrometry)
• Metaproteomics is the analysis of the set of proteins produced by the community and
functionally represents the community.

The vaginal microbiome of
reproductive-age women in the
U.S. (n=394)
• Assessment by 16S rRNA
gene analysis
• The clustering of CSTs was
done with hierarchical
clustering based on the
Jensen-Shannon distances
between all pairs of
community states and Ward
linkage
• 27% of women were in the
low-Lactobacillus CST-IV
• >50% of high pH in CST-IV
Ravel, et al. (2011) PNAS

Longitudinal dynamics
of vaginal microbiota

Gajer and Brotman et al., Sci Trans Med 2012

“Fluctuations of limited clinical
significance” ???
• Are there periods of higher risk?
• If so, what are their duration? Days? Hours?
• What affects a woman to persist or fluctuate
to an at-risk state?
• Analysis of time-varying variables in
observational studies

T. vaginalis and vaginal microbiota

Brotman et al, STD 2012

An example of a highly dynamic community of vaginal microbiota and varying HPV detections

Profiles of HPV and
CST detection for 32
women over a 16week period. Samples
collected every 3
days. Each time point
is represented by a
HPV symbol and
color-coded CST
indicator.

Brotman et al, JID 2014

Is there an optimal state?
• At any given time, >25% of women are in a
low-Lactobacillus state.
• These women are often asymptomatic.
• Challenge of epidemiology is to conduct welldesigned studies and synthesize data to find
an actionable intervention.
• Data reduction in microbiome research.

Newly funded study:
nested case-control design

N=44 cases, 45 controls
• Low-Lactobacillus
state is more
prominent among
the STI cases
compared to the
controls.
• Other Lacto CSTs in
controls.
• L. iners equal among
cases and controls?

Oligotyping: evaluating individual nucleotide positions using Shannon
entropy to identify the most information-rich nucleotide positions
--very subtle variations among 16S rRNA gene sequences

L. iners AA (197A-367A)

• Range of pH similar to L.
crispatus-dominated
communities
• When L. iners AA was
present, those
communities were >80%
combo of AA and GA
• No other lactic acid
producers were
significant part of the
community.
• L. iners AA is associated
with lower pH.
• Sub-strain resolution
requires more testing to
figure out why.

Johanna Holm, PhD
Post-doc
**p < 0.01

L. crispatus

**p < 0.01

L. gasseri
L. iners

BV-like

L. jensenii

Biogenic Amines are Increased in CST IV Smokers
Putrescine

Cadaverine

Key
Non-smoker

0.1

1

10

100

1000

Joanna Borgogna
PhD student

Smoker

Log Relative Concentration of Vaginal Metabolites +/- SE
• Biosynthesis of BAs can allow various bacteria to survive in low pH
environments.
• BAs have also been shown to enhance growth rates of various
pathogenic bacteria, and shield them from host innate immunological
defenses.
• Women who smoke, and particularly smokers with BV, may have
increased susceptibilities to STIs.
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Summary
• An appreciation of the variations in microbiome
composition is expanding our understanding of
the vaginal microenvironment.
• Difficulties in analyzing a dynamic and complex
microenvironment with human behaviors that
also change over time.
• Active research going on in basic sciences to
understand how the microbiome can provide
more optimal protection.
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