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Abstract

The vaginal microbiota has great significance in maintaining vaginal health and protecting the host 

from disease. Recent advances in molecular techniques and informatics allow researchers to 

explore microbial composition in detail and to compare the structure of vaginal microbial 

communities with behavior and health outcomes, particularly acquisition and transmission of 

sexually transmitted diseases (STDs) and poor birth outcomes. Vaginal flora have been found to 

cluster into a limited number of communities, although community structure is dynamic. Certain 

community types are more associated with poor reproductive outcomes and STDs; communities 

dominated by Lactobacillus species, particularly Lactobacillus crispatus, are most associated with 

vaginal health. Modifiable and nonmodifiable factors are strongly associated with community 

composition, including behavior, race or ethnicity, and hygiene. In this review, we describe the 

state of the science on the vaginal microbiome and its relationship to behavior, sexual health, and 

STDs, including determinants of the microbiome that go beyond an individual level.

Human beings are amalgams of our own cells and the cells of our resident microbes. The 

relatively small number of human genetic protein-coding genes found by the Human 

Genome Project—approximately 20,000, similar to the number of genes of the flatworm 

Caenorhabditis elegans—does not account for the genomes of the mutualistic microbes that 

inhabit us and that are estimated to outnumber our own 10 to 1.1,2 Specific and complex 

microbial communities, termed the microbiota, and their collective genetic material, termed 

the micro biome, differ greatly between body sites as well as between individuals.3 There is 

a growing body of evidence demonstrating the enormous effect of the micro biome on host 

metabolism and susceptibility to disease, enabled by use of laboratory and statistical 

methods that use high-throughput DNA and RNA sequencing technology, rather than 

culture-dependent methods, to identify communities of microorganisms.1,4
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The bacteria inhabiting the human vagina are thought to be the first line of defense against 

vaginal infection as a result of both the competitive exclusion5 and direct killing6–8 of other, 

pathogenic microbes. Disruptions of normal vaginal flora have long been linked to pelvic 

inflammatory disease,9 miscarriages,10 and prematurity.11 There has been enormous recent 

growth in the understanding of the vaginal ecosystem, although the interactions among host, 

the external environment, and bacterial communities are very complex.12 The objective of 

this review is to describe the current state of the science related to the vaginal microbiome, 

sexual health, and sexually transmitted diseases (STDs).

References for this review were identified through searches performed between January 

2015 and October 2016 of all articles published in English in Google Scholar, EMBASE, 

and PubMed using search terms such as “vaginal microbiome,” “dysbiosis,” “bacterial 

vaginosis,” and “microbiome STI.” Pertinent original peer-reviewed articles and reviews 

were included. The publication dates were not limited to fully review the literature available 

regarding STDs, behavior, and the vaginal microbiome. Ancestry searches using the 

references from selected articles were also performed. For the purposes of this review, the 

term “bacterial vaginosis” or “BV” is used when discussing research into bacterial vaginosis 

as diagnosed by Amsel’s or Nugent’s criteria. “Vaginal dysbiosis” refers to any state in 

which the vaginal flora is disrupted, whether or not it is symptomatic or defined as bacterial 

vaginosis.“Community-state type” or “CST” is used when discussing molecular research 

that classifies vaginal organisms into these clustered microbiomes.

VAGINAL BACTERIAL COMMUNITIES CLUSTER INTO TYPES BUT ARE 

DYNAMIC

Vaginal ecology depends on the interactions of the vaginal environment and relatively 

limited types of flora, particularly Lactobacillus spp. Cultivation-independent methods have 

shown that vaginal bacterial communities cluster into anywhere from three to nine discrete 

groups, most of which are dominated by lactobacilli.12–14 A widely used method of 

classifying sequencing data was described by Ravel et al,15 who used next-generation 

molecular sequencing techniques to characterize the vaginal microbiota of 396 

asymptomatic North American women from four ethnic groups. The authors found that the 

vaginal communities in these women clustered into five core vaginal microbiomes, which 

they termed community-state types. Four of these community-state types, found in 73% of 

the women tested, were dominated by different species of Lactobacillus (Lactobacillus 
crispatus, CST I; Lactobacillus gasseri, CST II; Lactobacillus iners, CST III; and 

Lactobacillus jensenii, CST V). The remaining 27% of communities (CST IV) were 

heterogeneous and typified by a higher proportion of obligate anaerobic bacteria, including 

Atopobium, Gardnerella, and Prevotella spp. and others.15 Community-state type IV has 

been further subdivided in some studies into subtypes IV-A and IV-B, both heterogeneous in 

composition but with CST IV-B containing fewer lactobacilli and more anaerobic bacterial 

taxa including Gardnerella, Atopobium, Leptotrichia, and Sneathia spp. and other bacterial 

vaginosis–associated organisms. Many studies have also confirmed the important finding 

that 20–30% of women at any given time have a Lactobacillus poor, diverse microbiome that 

has not historically been considered healthy.5,8,15,16
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Further investigation into the vaginal microbiome using longitudinal study design has shown 

that vaginal communities are dynamic and capable of rapid shifts, although in many women, 

the microbiome is fairly stable.13,17–21 There is evidence that shifts of the vaginal 

microbiome from one community state to another might be preferential; that is, a given 

community-state type tends to transition only to certain others.11,16 Emerging evidence 

appears to show that CST I tends to be most stable and to promote vaginal community 

stability,8,11,13,16 whereas CST IV appears to frequently transition to multiple other states.11

Significant evidence now indicates that a micro biome dominated by Lactobacillus species 

other than Liners is optimal for vaginal health.13,22 Recent studies have shown that the 

presence of vaginal lactobacilli, particularly L crispatus, is strongly correlated with the 

absence of bacterial vaginosis.11,18,21,23 Lactic acid has been shown to inhibit the growth of 

pathogenic bacteria in the vagina17,22; additionally, lactobacilli important to vaginal health, 

elaborate the disinfectant H2O2, antimicrobial molecules, and bacteriocins. These 

bacteriocins can kill urogenital pathogens in vitro under various conditions,24 and lactic acid 

may act as an antimicrobial agent beyond maintaining highly acidic pH by disrupting 

bacterial cell membranes and stimulating host immunity in the presence of bacterial 

lipopolysaccharide.22 Interestingly, the healthy yet diverse vaginal microbial communities 

seen in a minority of women are dominated by taxa that also produce lactic acid25;the 

conservation of lactic acid production across all healthy vaginal communities may indicate 

that its presence is key to maintaining healthy vaginal function.8

The different isomers of lactic acid may also have unique roles in the human vagina: L-lactic 

acid, which is produced by both bacteria and vaginal epithelial cells, activates certain 

immune cells and can induce vaginal epithelial cells to release proinflammatory cytokines.26 

The role of D-lactic acid (produced almost exclusively by bacteria) is less well-known; 

however, the ratio of L- to D-lactic acid may modulate the expression of host signaling 

molecules and affect the risk of infection-related preterm birth.26

DETERMINANTS OF THE VAGINAL MICROBIOME

It has been known for more than a century that disrupting vaginal Lactobacillus species can 

result in bacterial vaginosis, an often symptomatic condition in which vaginal lactobacilli are 

lost and anaerobic bacteria are concomitantly increased.13 Differences in vaginal microbiota 

composition, including temporal shifts within a given individual, are almost certainly caused 

by a complicated interaction among host characteristics, environment, and behavior that is 

incompletely understood (Fig. 1). However, a number of modifiable and nonmodifiable 

factors have been shown to affect the vaginal microbiome.

Race–Ethnicity

Bacterial vaginosis prevalence varies by ethnic group in essentially all of the populations 

studied to date.27 Acquisition of bacterial vaginosis in the United States has long been 

associated with black race27–30; this association has been shown to persist even after 

adjustment for sexual practices and other confounders.28–31 Bacterial vaginosis prevalence 

in the United Kingdom and Canada was higher in Afro-Caribbeans and aboriginal 

populations, respectively, whereas in Spain and China, Gypsy and Tibetan ethnicity had 
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higher prevalence, respectively.27 Interestingly, all of these groups represent a minority 

population within the country studied.

More recent studies of the vaginal microbiome of U.S.-born black and white women show a 

significant difference in microbiota between the two groups, with black women having more 

microbial diversity and less likelihood of colonization with lactobacilli than white women.
15,31 Multiple studies performed in several sub-Saharan African countries have shown a far 

lower proportion of women with vaginal communities dominated by L crispatus when 

compared with women of European or Asian ancestry.15,31,32 Rather, the communities of the 

African women were dominated by Liners and a variable mix of facultative anaerobic 

bacteria.32–34 Microbiome composition was significantly associated with ethnic origin in a 

Dutch study with women of African descent having the highest prevalence of clusters 

dominated by Gardnerella vaginalis or dysbiosis (Borgdorff H. The vaginal microbiome of 

women residing in Amsterdam: association with ethnicity. World HIV/STI Congress, 

Brisbane, Australia, 2015). Differences by race or ethnicity persisted after adjustment in 

some of these studies as well.28,31

There is evidence that host genetic variation, which may at times correlate with race or 

ethnicity, can affect microbiome composition: one large study using Human Microbiome 

Project metagenomic data has found multiple associations between key host genes related to 

immunity and the abundance of specific microbial taxa across four different body sites, 

although the vagina was not included.35

Sex Hormones and Hormonal Contraception

The effects of sex hormones on the vaginal microbiota are not entirely known; however, 

estrogen seems to play an important role in promoting the growth of lactobacilli by 

stimulating the accumulation of glycogen in the vaginal mucosa.36,37 High levels of estrogen 

are thought to contribute to the increased Lactobacillus spp. predominance and stability of 

the microbiota that is seen in healthy pregnant women.20 Conversely, postmenopausal 

women not on hormonal therapy have been found to have significantly lower free glycogen 

levels and lower levels and diversity of Lactobacillus spp. compared with those who use 

hormone therapy.38 Menstruation can be associated with significant disruption of the 

microbiota, although this may depend on community type.16,21

Importantly, certain types of hormonal contraceptives can alter the vaginal microbiota. There 

is a consistent association between oral contraceptive use and a decrease in prevalent 

bacterial vaginosis.29,39,40 Some studies have shown a decrease in prevalent bacterial 

vaginosis in women using depot medroxyprogesterone acetate injection or 

implant40;however, depot medroxyprogesterone acetate has also been found to decrease 

vaginal lactobacilli39,41 and is associated in some studies with an increased risk of human 

immunodeficiency virus (HIV) acquisition and transmission, possibly in part mediated by 

the effects of the microbiota on cervicovaginal inflammation.42 However, a recent 

systematic review and meta-analysis demonstrated a robust negative association between any 

hormonal contraception regardless of type (excluding intrauterine devices) and prevalent, 

incident, or recurrent bacterial vaginosis.43
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Sexual Behavior

There has been debate about whether bacterial vaginosis can be classified as an STD as 

opposed to a sexually associated condition; however, the preponderance of evidence 

demonstrates that bacterial vaginosis can be sexually transmitted from women to male and 

female partners.44,45 Epidemiologic studies have consistently associated bacterial vaginosis 

with risk factors associated with STD.44,46 More frequent vaginal intercourse is associated 

with increased risk of bacterial vaginosis.30 Multiple, new, or increased number of male 

partners are strongly associated with bacterial vaginosis in multiple studies.34,44 Recent 

unprotected sex as evidenced by the presence of prostate-specific antigen in vaginal fluid has 

been associated with a more than twofold increased risk of bacterial vaginosis47 and 

recurrent bacterial vaginosis48 and is negatively associated with the presence and 

concentration of healthy Lactobacillus species.34 Additionally, there is a significant 

association between bacterial vaginosis and female sex partners,29 because women who have 

sex with women appear to be at increased risk when compared with women who have sex 

with men only.29,46 There is a strong inverse association between bacterial vaginosis and 

condom use.44 In one study, bacterial vaginosis–associated bacteria were detected more 

commonly in the urine and coronal sulcus of men with asymptomatic STDs than in healthy 

men.49 Finally, both bacterial vaginosis by Nugent scoring50 and detection of bacterial 

vaginosis–associated anaerobes29 are far less frequent in sexually inexperienced than in 

sexually experienced women.

Data on the influence of specific sexual practices on bacterial vaginosis are relatively few: in 

one study, vaginal intercourse immediately after receptive anal intercourse was associated 

with bacterial vaginosis30;other studies demonstrated an association between receptive oral 

sex and bacterial vaginosis.46 The increased detection and gene copies of G vaginalis in the 

oral cavity among women who have sex with women with bacterial vaginosis adds some 

biological plausibility to this association51; however, several other studies have not 

demonstrated an association with receptive oral sex.46 One study has found an association 

between bacterial vaginosis and receptive oral or anal sex, whereas several others did 

not46;receptive digital sex (either vaginal or anal) does not seem to be associated with 

bacterial vaginosis.46 One well-designed longitudinal study found that recurrent bacterial 

vaginosis was nearly twice as likely in women who had the same sex partner before and after 

treatment, regardless of coital frequency.52

Male circumcision may play a role in male-to-female transmission of bacterial vaginosis as 

it does in other STDs.44 Circumcision has been shown to significantly decrease the load of 

anaerobic bacteria (including bacterial vaginosis–associated species) on the coronal sulcus,
53 and other studies have correlated circumcision with a decrease in bacterial vaginosis 

among female partners.30,54 A recent study showed that uncircumcised men with a higher 

prevalence of bacterial vaginosis–associated anaerobes in their penile microbiota were 

significantly more likely to have a partner with a high Nugent score; moreover, this type of 

microbiota was significantly associated with having two or more extramarital partners.55

Lewis et al. Page 5

Obstet Gynecol. Author manuscript; available in PMC 2019 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Intravaginal Practices

Vaginal douching has long been associated with the acquisition of bacterial vaginosis and 

longitudinal data suggest that those who douche are at increased risk of incident bacterial 

vaginosis.56 The effects of other intravaginal practices are not well-studied, although some 

have been shown to kill vaginal bacteria and may be more associated with bacterial 

vaginosis than others.57,58

Studies of the effect of intravaginal practices are likely to be confounded by ethnicity and 

may be of limited statistical power as a result of heterogeneity of the practices.31,32,34 

Because use of intravaginal products and practices is widespread in many cultures, more 

investigation is needed.

Smoking

Cigarette smoking has been strongly associated with increased prevalence of bacterial 

vaginosis in multiple epidemiologic studies, sometimes in a dose-dependent manner.30,59 

Several compounds from cigarette smoking are detectable in the cervical mucus of smokers, 

one of which has been associated with the induction of bacteriophages in lactobacilli.59 

Recent data using sequence analysis have shown a correlation between smoking and 

dysbiosis even after adjusting for other factors.31 A 2014 study found that the vaginal 

microbiota of smokers was significantly more likely to be in a low-lactobacillus state and 

that there was a significant trend in increasing amounts of smoking metabolites with a high 

Nugent score.59

Diet

Research into the gut microbiome has consistently demonstrated the striking effect of diet on 

bacterial community composition and function, which seems to have a profound influence 

on human health, including obesity and metabolic disorders, inflammatory bowel disease, 

and cancer.60 The proinflammatory effects of disrupted gut microbiota on distal body 

systems is increasingly recognized60; moreover, the gut may serve as an extravaginal 

reservoir for both lactobacilli and bacterial vaginosis–associated bacteria.51 Subclinical 

deficiencies of iron and vitamin D in pregnancy have been associated with increased risk of 

bacterial vaginosis,61,62 although a large longitudinal study found no association between 

vitamin D and bacterial vaginosis using the proxy variable of season.63 Other analyses 

performed on subsets of women from this study demonstrated an association among 

increased dietary fat, higher glycemic load, and lower nutritional density64,65 with bacterial 

vaginosis and an inverse association between bacterial vaginosis and an increased intake of 

folate, vitamin E, and calcium.64 Additionally, glycemic load was significantly associated 

with bacterial vaginosis progression and persistence.65 Bacterial vaginosis has also been 

epidemiologically associated with obesity.29

Network-Level Risk Factors: Built Environment, Poverty, and Likelihood of Partnerships 
Based on Ethnicity

Limited research suggests that social determinants often associated with STD such as sexual 

and social milieu may be associated with the composition of the microbiome. Families, 

particularly sexual partners in a household, have been demonstrated to have shared 
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microbiota in the fecal and oral compartments.66 Animal studies have demonstrated that 

social group membership and frequent physical contact and social interaction among 

individuals correlate with shared gut microbiome.67 Emerging research shows that the 

influence of the built environment has an effect on the composition of human microbiota,68 

as might the influence of stress.69,70 A combination of unhealthy neighborhood, diet, social 

conditions, stress, and other factors such as is seen in poverty may contribute to a less 

healthy vaginal microbiome in multiple ways; the association of neighborhood with STD71 

and low birth weight72 is intriguing when viewed in this light.

Population-level parameters affect the prevalence of STD,73 and the structure of social and 

sexual networks may be important in explaining the difference in prevalence of bacterial 

vaginosis among different ethnic groups.27,74 Although research is limited, there is a strong 

ecologic-level association between the prevalence of concurrency among men and bacterial 

vaginosis prevalence.74 Bacterial vaginosis prevalence is higher in minority populations of 

different ethnicities in multiple different countries; additionally, the populations with more 

bacterial vaginosis also had markers of higher risk sexual behaviors than those of majority 

ethnicity.27,75 Another study performed with historical data from Uganda, the United States, 

and Thailand demonstrated that HIV prevalence differentials aligned perfectly with 

differences in prevalence, duration, and coital exposure of concurrent partnerships among 

males.76

CONSEQUENCES OF DYSBIOSIS

An unhealthy vaginal microbiome, in addition to its significant psychosocial effect on 

symptomatic women,77 is an important risk factor for acquisition of STDs and adverse 

reproductive and obstetric sequelae.78 Increasingly diverse vaginal microbiota seem to 

demonstrate increasingly less resilience to disturbance and more susceptibility to 

disease8,11,33(Fig. 2).

Bacterial Vaginosis and Herpes Simplex Virus

Bacterial vaginosis and herpes simplex virus (HSV) have been epidemiologically linked in 

multiple cross sectional and prospective studies. On a population level, Nugent scores of 4 or 

higher were significantly associated with a 32% increase in concurrent HSV-2 and an 8% 

increase in HSV-1.79 In a meta-analysis of 16 cross-sectional studies, the authors found that 

the pooled odds of prevalent bacterial vaginosis were 60% greater among HSV-2-positive 

women when compared with HSV-2-negative women.80 Cherpes et al81 followed 670 

women for 1 year and found that a diagnosis of bacterial vaginosis was associated with a 

twofold risk of HSV-2 seroconversion. This association may be bidirectional: HSV-2 

infection was associated with an increased risk of bacterial vaginosis episodes in female sex 

workers in Burkina Faso82 and this meta-analysis also demonstrated a relative risk of 1.55 

for incident bacterial vaginosis in HSV-2-infected women.80 A recent study found that 

antibiotic-induced vaginal dysbiosis in mice resulted in severe impairment of antiviral 

protection against HSV-2 infection.83
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Bacterial Vaginosis and Human Papillomavirus

The literature exploring the relationship between bacterial vaginosis and human 

papillomavirus (HPV) is consistent. Longitudinal studies have shown an increased 

association of prevalent and incident HPV in women with both intermediate flora and 

bacterial vagionsis,84 a small but significant increase in risk for prevalent HPV, an increase 

in odds of incident HPV, and delayed clearance of HPV in women with Nugent scores 7 or 

greater.85 Two more recent molecular analyses found that women who were HPV-positive 

had a lower proportion of protective vaginal Lactobacillus spp. when compared with HPV-

negative women86,87; furthermore, women with microbiota dominated by L gasseri seemed 

to have increased rates of HPV clearance.86 Other studies have demonstrated that severity of 

cervical intraepithelial dysplasia was significantly associated with increasing vaginal 

microbial diversity, regardless of HPV status (demonstrated that community-state type was 

significantly associated with prevalent HPV and CST IV-B was associated with HPV 

positivity [although not at a significant level], that severity of cervical intraepithelial 

dysplasia was significantly associated with increasing vaginal microbial diversity, regardless 

of HPV status,88 and that severity of cervical intraepithelial dysplasia was significantly 

associated with increasing vaginal microbial diversity, regardless of HPV status.88

Bacterial Vaginosis and Human Immunodeficiency Virus

There is considerable evidence associating vaginal dysbiosis with increased risk of 

acquisition and transmission of HIV-1. A meta-analysis of 23 studies showed that bacterial 

vaginosis was associated with a 60% increase in risk of acquiring HIV-1; this included four 

longitudinal studies that examined incident HIV-1 infection.89 A vaginal mucosal model 

demonstrated that lactobacilli, particularly L crispatus, suppressed HIV-1 replication.90 

Cervicovaginal mucus with high levels of D-lactic acid and an L crispatus–dominated 

microbiome effectively trapped HIV-1 significantly better than did mucus dominated by 

other microbes,91 and lactic acid at concentrations found in the vagina can inactivate HIV far 

more potently in vitro than can other acids.92 Importantly, a recent study among Rwandan 

sex workers showed that those with L crispatus–dominant microbiota had the lowest 

prevalence of both HIV and sexually transmitted infections, and that dysbiosis increased the 

risk of acquiring HIV and STD in a dose–response relationship; moreover, significantly 

fewer of the HIV-positive women with Lactobacillus spp.–dominant microbiota had 

detectable cervicovaginal levels of HIV-1.33

Bacterial Vaginosis and Bacterial Sexually Transmitted Disease

Epidemiologic studies have associated bacterial vaginosis with increased risk of both 

gonorrhea and chlamydia infection.78 Vaginal lactobacilli in vitro inhibit growth of Neisseria 
gonorrhoeae93,94 as well as other bacterial pathogens.95 One cross-sectional study found that 

Nugent scores higher than 3 were associated with a fourfold increase in risk for gonorrhea 

and a threefold increase in risk for chlamydia infection.96 Well-designed longitudinal studies 

have also demonstrated the association with the largest study showing an increased risk for 

incident chlamydia and gonorrhea in women with Nugent scores higher than 3.97 A 

randomized trial showed that the treatment of asymptomatic bacterial vaginosis with 

intravaginal metronidazole was significantly associated with a more than a threefold 
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decrease in incident chlamydia98; however, more recent data from a prospective randomized 

trial showed that home screening and treatment for bacterial vaginosis did not decrease 

incidence of either chlamydia or gonorrhea.99

Bacterial Vaginosis and Trichomonas

Trichomonas vaginalis infection has been strongly associated with bacterial vaginosis.97 In 

the 2001–2004 National Health and Examination Survey, cooccurrence occurred in 

approximately half of women infected with T vaginalis.100 T vaginalis alters vaginal pH, has 

been associated with lower levels of healthy vaginal lactobacilli, and has been positively 

associated with increased Nugent score.101 In vitro evidence indicates thatT vaginalis 
presence reduces epithelial-associated lactobacilli but not bacterial vaginosis–associated 

species.102 Recent longitudinal analyses have demonstrated that a Nugent score higher than 

3 was associated with a significantly increased risk of acquiring T vaginalis.103 Studies of T 
vaginalis and the microbiome using sequencing techniques are few; however, one study 

found that CST-IV was significantly associated with T vaginalis detection.104 Furthermore, 

T vaginalis and bacterial vaginosis are independently associated with increased vaginal 

shedding of HIV-1, and their cooccurrence has been associated with greatly increased odds 

of vaginal shedding.105

Bacterial Vaginosis and Pelvic Inflammatory Disease

There is some question whether bacterial vaginosis can cause pelvic inflammatory disease 

(PID) or whether the epidemiologic association between them is the result of the increased 

attributable risk of bacterial vaginosis to STD acquisition.9 Although it is typically 

associated with gonorrhea and chlamydia infection, PID has been shown to frequently occur 

in the absence of known STD and can be of multimicrobial etiology.106–108 The anaerobic 

organisms found in many cases of acute salpingitis and endometritis are often bacterial 

vaginosis–associated organisms.108 One large longitudinal cohort study found that vaginal 

carriage of bacterial vaginosis–associated organisms was associated with a twofold increase 

in incident PID risk.109 Another study did not demonstrate an association between incident 

PID and bacterial vaginosis carriage in the prior 6 months; however, dense growth of 

anaerobic, pigmented Gram-negative rods was significantly associated with PID.9 Detection 

of similar organisms was associated in another study with a more than fourfold increase in 

PID risk; other anaerobes or Nugent scores of 7–10 were also significantly associated with 

PID.108 A small molecular study of patients with and without found DNA of bacterial 

vaginosis–associated bacteria and un-characterized species in most viable case samples but 

none in control patients; moreover, only one case sample was positive for bacterial STD.

Bacterial colonization of the upper cervix and uterus may be physiological110; however, one 

study demonstrated that at least one bacterial species was found 95% of the time in the 

upper cervix and uterus of women without endometritis undergoing hysterectomy for benign 

conditions, and bacterial composition varied significantly by race.111 Whether this reflects 

vaginal contamination or true upper tract commensal organisms is not yet known.111
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Bacterial Vaginosis and Preterm Birth

Bacterial vaginosis has long been associated with adverse birth outcomes, although the 

mechanism by which dysbiosis affects pregnancy remains unclear112 and certain organisms 

may affect pregnancy outcomes differently at different gestational ages.10 Molecular studies 

have consistently shown pregnancy to be associated with decreased microbial diversity, 

Lactobacillus spp. dominance, and more stability of vaginal communities.11,20,113 Preterm 

labor has been associated with diverse vaginal communities in other studies11,114; moreover, 

no women with term deliveries had CST IV-B in one longitudinal study.20 In a large cohort 

of pregnant women with intermediate vaginal flora, the absence of lactobacilli was 

significantly associated with preterm delivery.115

GAPS AND RESEARCH PRIORITIES

Vaginal microbial communities are instrumental in vaginal health. Progress in this field is 

extremely rapid; however, important research gaps remain. One of the more important may 

be the influence of network and community-level risk factors on the vaginal microbiome. 

Given the centrality of the structure of sexual networks to transmission and prevalence of 

STDs,116 it is likely these factors are equally important to vaginal microbiota composition 

and transmission and prevalence of bacterial vaginosis. In particular, more detailed 

longitudinal studies on the effect of overlap and duration of concurrent partnerships on 

vaginal microbiota would be important. Given different patterns of formation and 

maintenance of sexual partnerships in different populations and cultures,27,117 such studies 

might go a long way in explaining the racial differences consistently seen in the vaginal 

microbiota. Additionally, further investigation into the effect of the order of sexual acts and 

coital frequency on the composition of the microbiota could provide practical risk reduction 

advice for women.

More effective treatments for bacterial vaginosis are necessary, because current cure rates 

range from 50–80% after metronidazole treatment and recurrence is very common.118 The 

role of biofilm disruption119 and probiotic administration120 in achieving a better cure and 

preventing recurrent infection should be further explored, although the efficacy of different 

combinations or strains of probiotic species on restoring the vaginal flora is an area of active 

research.22 Treating the sex partners of women with recurrent bacterial vaginosis has not 

decreased recurrence in several randomized controlled trials; however, this may be the result 

of study design limitations and ineffective treatment.55 More research into the efficacy of 

treating sex partners is needed.22

Given that cesarean deliveries have been shown to significantly affect the composition of the 

gut microbiome,121 investigation on the effect of mode of birth on establishment and 

maintenance of a healthy vaginal microbiome may be important. If female neonates 

delivered by cesarean are at risk for unhealthy sexual or reproductive outcomes as a result of 

unhealthy or inadequate colonization of the neonatal vagina, strategies could be devised to 

replenish necessary vaginal flora to improve health outcomes. This has recently been 

explored in a study of the neonatal gut microbiome of neonates delivered by cesarean.122
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Finally, although the microbes that inhabit the vagina have been fairly well-characterized, it 

is important to better understand their metabolic interactions. Several studies have begun to 

elucidate the functionality of the microbiome123; further assessment of protein transcription 

of both microbes and host will help address gaps in knowledge about the pathogenesis of 

dysbiosis, microbial, and host interactions that lead to adverse clinical outcomes and the 

evaluation of interventions that aim to maintain or restore a healthy vaginal milieu.
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Fig. 1. 
Socioecologic framework for determinants of the vaginal micro-biome. Individual and 

relational determinants associated with differences in the microbiome have been well-

studied, and emerging research may show that community-level factors may shape the 

composition of the microbiome as well. Societal factors that are posited to influence 

prevalence of sexually transmitted disease (STD) such as segregation, racism, and other 

societal-level policies may also be determinants of the microbiome. Research that addresses 

the role of higher level spheres of influence on the microbiome may identify modifiable risk 

factors that can be addressed. Modified from Scribner R, Theall KP, Simonsen N, Robinson 

W; National Institute on Alcohol Abuse and Alcoholism. HIV risk and the alcohol 

environment. Available at: https://pubs.niaaa.nih.gov/publications/arh333/179-183.htm. 

Retrieved January 4, 2017.
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Fig. 2. 
Vaginal communities and risk of sexually transmitted diseases (STDs). Risk of STD 

acquisition and transmission increases with increasing diversity of vaginal flora and is 

lowest with Lactobacillus crispatus–dominant communities. Higher levels of lactic acid have 

been strongly associated with vaginal health, and production of lactic acid is conserved 

across healthy vaginal communities. L- and D-lactic acid isomers may have different 

functions within the vaginal microenvironment, and their ratio may influence expression of 

host genes and immune response. CST, community-state types; HIV, human 

immunodeficiency virus; HSV, herpes simplex virus; HPV, human papillomavirus. *Data 

from references 10 and 19. †Data from reference 10 and the following: Witkin SS, Mendes-

Soares H, Linhares IM, Jayaram A, Ledger WJ, Forney LJ. Influence of vaginal bacteria and 

D- and L-lactic acid isomers on vaginal extracellular matrix metalloproteinase inducer: 

implications for protection against upper genital tract infections. MBio 2013 Aug 6;4. pii: 

e00460–13. DOI: 10.1128/mBio.00460-13.

Lewis et al. Page 19

Obstet Gynecol. Author manuscript; available in PMC 2019 September 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	VAGINAL BACTERIAL COMMUNITIES CLUSTER INTO TYPES BUT ARE DYNAMIC
	DETERMINANTS OF THE VAGINAL MICROBIOME
	Race–Ethnicity
	Sex Hormones and Hormonal Contraception
	Sexual Behavior
	Intravaginal Practices
	Smoking
	Diet
	Network-Level Risk Factors: Built Environment, Poverty, and Likelihood of Partnerships Based on Ethnicity

	CONSEQUENCES OF DYSBIOSIS
	Bacterial Vaginosis and Herpes Simplex Virus
	Bacterial Vaginosis and Human Papillomavirus
	Bacterial Vaginosis and Human Immunodeficiency Virus
	Bacterial Vaginosis and Bacterial Sexually Transmitted Disease
	Bacterial Vaginosis and Trichomonas
	Bacterial Vaginosis and Pelvic Inflammatory Disease
	Bacterial Vaginosis and Preterm Birth

	GAPS AND RESEARCH PRIORITIES
	References
	Fig. 1.
	Fig. 2.

