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3 Women’s Health Concerns

1. Bacterial Vaginosis

2. Yeast Infections

3. Urinary Tract Infections



1. Bacterial Vaginosis (BV)
Defined as a disruption in normal vaginal flora

Poorly understood – how does it spread? How do we prevent it?

About 30% of women in the U.S. have had bacterial vaginosis (CDC, 2002)

84% of women with bacterial vaginosis reported no symptoms
This is problematic because BV can cause:
• Strongly increased risk of other pregnancy and post-partum complications
• Increased risk of Sexually Transmitted Infections (STIs)



1. Bacterial Vaginosis (BV)

Often confused with yeast infections or other conditions

Misdiagnosis and treatment with antifungals can worsen the dysbiosis

Many women would rather not address their discomfort as it can be 
distressing and embarrassing



2. Yeast Infections

75% of women will have a yeast infection in 
their lifetime (CDC)

138 million women worldwide suffer from recurrent yeast infections
• expected to grow to 158 million women by 2030 (Denning et al, 2018)

Caused by the fungus Candida

Candida albicans



3. Urinary Tract Infections (UTIs)

• 50-60% of women will develop UTIs in their lifetimes

• 25% will have repeat infections

• Occur up to 30 times more often in women than in men

• Most UTIs are caused by uropathogenic E. coli

• These E. coli colonies can adhere to and invade vaginal cells



3 Women’s Health Concernsx
1. Bacterial Vaginosis
2. Yeast Infections
3. Urinary Tract Infections

• commonly affect women 
• impact quality of life
• have high chances of recurrence
• cause unnecessary stigma and worry
• are often poorly understood
• are frequently misdiagnosed
• are often embarrassing



If We Do Nothing

• UTIs are increasing – 60.40% from 1990 – 2019 in the U.S.

• Overuse of antibiotics is causing more multi-drug resistant bacteria 

involved in UTIs and other infections

• Yeast infections expected to increase by 15% worldwide by the year 2030



What If We Do Something



What is the microbiome?

• Bacteria

• Fungi

• Protists

• Viruses



Where do we Find Microbiomes?



Human Microbiome

Belizario, Joe & Napolitano, Mauro. (2015). Human microbiomes and their roles in dysbiosis, common 
diseases, and novel therapeutic approaches. Frontiers in microbiology. 6. 1050. 10.3389/fmicb.2015.01050. 



Tree of Life



Tree of Life



You Host Many Microbes

3.3 pounds



Using microscopes, growth media, 
phenotypical observation

• Rod shaped

• Gram negative

• Non-sporulating

• 2.0 um long

• Have flagella

Classic Microbiology – E. coli 



Metagenomics – E. coli

Using DNA sequencing

• Do not need to know what you’re looking for

• Can sequence the DNA of the entire organism

• Look at specific genes

• Evaluate very small (single base) differences between 
the strain you sequence and other strains

• Can look at all of the other microbes in the sample



Bacterial vs Human Genome

E. coli

~5 Million Bases

plasmid

Human

3.2 Billion Bases
Dynamic Static



DNA Sequencing



DNA Sequencing – Then & Now

13 Years to Sequence One Human Genome
1990-2003

40 hours to Sequence 48 Human Genomes at Once
2022 



Sample To Sequencing

Vaginal Swab Extract DNA Sequence the DNA



Microbiome Analysis

Reference Library of Known Microbes DNA From Sample



Our Microbiomes Are Connected

Oral Microbiome Gut Microbiome Vaginal Microbiome



The Bacteria in our Gut:
Involved in digestion and the extraction of nutrients we 
need from food.

Affect how your body metabolizes drugs like Tylenol

Synthesize vitamins such as Vitamin K and water-soluble 
B Vitamins

Produce Short Chain Fatty Acids like Butyrate



The Gut Microbiome: More Is More (beneficial)

Alpha Diversity: How many different species are in my microbiome?



The Vaginal Microbiome: Less is More

A healthy vaginal microbiome has:

High abundance of Lactobacillus (often 90% or higher)

Low abundance of non-Lactobacillus microorganisms

Low diversity



Lactobacillus: Not All Heroes Wear Capes
Ferments Glucose to Lactic Acid

Lactic Acid affects pH, making its environment more acidic and less hospitable for 
pathogens

Produces Hydrogen Peroxide

Lactobacillus is used in the production of:

• Wine
• Yogurt
• Cheese
• Sauerkraut
• Pickles
• Beer
• Sourdough

Lactobacillus is critically important in the vaginal microbiome



Community State Types
Community State Types were defined in a pivotal paper in 2011 by Ravel, et al. “Vaginal Microbiome of 
Reproductive-Age Women”

CST I: Lactobacillus crispatus dominant (most stable type and considered healthy)

CST II: Lactobacillus gasseri dominant (considered healthy)

CST III: Lactobacillus iners dominant (associated with both health and dysbiosis)

CST IV: Non-Lactobacillus dominant, diverse group of microbes. May contain low amounts of 
Lactobacillus and high amounts of Gardnerella, Megasphaera, Atopobium, Dialister, Prevotella, and 
others

CST V: Lactobacillus jensenii dominant (considered healthy)



Community State Types in Action

CST I L. crispatus

CST III L. iners

non-CST L. acidophilus

CST V  L. jensenii

Atopobium

CST II L. gasseri

Bifidobacterium longum

Gardnerella
Alloscarodovia

CST IV Gardnerella vaginalis



Alpha Diversity vs Beta Diversity

Alpha Diversity: How many different species are 
in my microbiome?

Beta Diversity: How different is the composition 
between samples?



Geographical Differences

Beta-Diversity PCoA of cohorts from the US, Sweden, and China



Geographical Differences

CHAO1 Alpha Diversity of cohorts from the US, Sweden, and China

US Sweden China



Key Species and Strains



Key Species and Strains



Reporting Community State Type
Community State Type I

Lactobacillus crispatus dominant. CST I is considered a healthy
microbiome. Not associated with disease or infection, this is the most 
stable Community State Type. L. crispatus contributes to low vaginal pH 
(this is considered to be good), and it produces D- and L-lactic acid.

Community State Type II

Lactobacillus gasseri dominant. CST II is considered a healthy 
microbiome. L. gasseri produces D- and L-lactic acid, can inhibit STI 
adherence, and contributes to low vaginal pH.

Community State Type III

Lactobacillus iners dominant. CST III has been associated with both health 
and dysbiosis. L. iners only produces L-lactic acid, which may be less 
protective than D-lactic acid and may not contribute to a lower vaginal pH 
as much as other Lactobacillus species. L. iners has also been associated 
with preterm birth and pro-inflammatory responses.

Community State Type IV

Non-Lactobacillus dominant. This community state type is not dominated 
by Lactobacillus and often has more diversity than other community state 
types. This less stable environment is associated with dysbiosis and 
bacterial vaginosis. While this community state type is worth noting, it 
also can be normal for many women, especially if post-menopausal as 
decreases in estrogen are associated with decreases in Lactobacilli. This 
community state type may be associated with a higher risk for UTIs, STIs, 
and bacterial vaginosis.

Community State Type V

Lactobacillus jensenii dominant. CST V is considered a healthy
microbiome. This community state type is stable and protective against 
STIs and bacterial vaginosis and is associated with a low risk for infertility 
and pelvic inflammation. L. jensenii produces D-lactic acid.

Non-State Type Dominant

Lactobacillus dominant but does not match a state type, instead you have 
(Lactobacillus_u_s or other Lactobacillus species).



Vaginal Microbiome By Age

CST I, II, III, IV, V

Pregnancy:  High 
Lactobacillus

Menstruation: increasing 
Lactobacillus

CST II or IV CST IV



Our Microbiomes Are Connected

https://www.nature.com/articles/s41392-022-00974-4/figures/1



When Things are Off Balance

Bacterial Vaginosis

Yeast Infections

Increased Risk of UTIs, especially if E. coli is present



Gut, Vaginal, Bladder Axis

• Recurrent Urinary Tract Infections can be 
triggered by vaginal bacteria

• Gardnerella can be a covert pathogen that 
activates E. coli

• E. Coli, which causes most UTIs, can bind to 
vaginal cells and establish vaginal 
intracellular communities

https://www.nature.com/articles/s41467-020-16627-5



Vaginal Microbiome Testing

Baseline test when feeling good
Remove guesswork for practitioners - look at what is in there
Help avoid non-symptomatic BV that could lead to:
• Increased risk of STIs
• Pregnancy complications
• Ongoing discomfort

Microbiome kits can be done discretely at home
Help push research forward
Monitor Community State Type over time
Take advantage of the advances in DNA based technology



Limitations

Not a diagnostic / for research use only

Not recommended for STI testing

Can be expensive

Requires some help in interpretation



The Future of the Vaginal Microbiome

Probiotics to Restore Balance or for Maintenance of Lactobacilli
• oral
• food based (like fermented foods)
• vaginal suppository
• vaginal lube

Dietary changes to improve gut microbiome = improved vaginal microbiome

Research:
• Vaginal Phage Therapy
• Pregnancy-microbiome associations
• Seeding of infant microbiome
• Microbiome associated with infertility
• Ovarian, endometrial, cervical, and other cancers association with the microbiome
• Inflammation and the Microbiome



Summary

By understanding and evaluating the vaginal 
microbiome, we can:

• Improve the lives of women affected by vaginal 

microbiome dysbiosis

• Remove guesswork, embarrassment, discomfort

• Empower women to better understand:

• Their bodies

• How their microbes are connected
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