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3rd Women and their microbes 
External influences on the female microbiomes  

 

On June 2th, 2017, academics, clinicians and industry interested in women’s health gathered in 

Amsterdam for ‘Women and their microbes’, the 3rd international conference to promote knowledge 

about the essential role of microbes in women’s health. This year’s meeting zoomed in on 8 unique 

female microbiomes, including the oral cavity, skin, breast, bladder, vagina, estrobiome, and the 

elusive male factor, the penile microbiome. Specific emphasis was given on how external factors 

affect the stability of these niches, its implication for health, and practical strategies to enhance 

health and reduce risk.   

 

The female oral microbiome  

The oral microbiome, once established, remains remarkably stable. It withstands daily 

perturbations such as tooth brushing, food and fluctuations in temperature and pH and even 

antibiotics have been shown to have little impact. Nonetheless, research has shown that there is 

no such thing as one oral microbiome, with large differences in microbiota composition between 

niches such as the tooth, cheek and tongue. In addition, the saliva microbiota also differs between 

males and females, with 65 bacterial species that were found to significantly differ between males 

and females (1). Factors responsible for these differences most likely include differences in dietary 

intake and physiological influences such as hormones, although little is known about the underlying 

mechanisms. Males are generally more susceptible to periodontal disease, while females are more 

prone to dental decay (2).  

Increasing our knowledge about the oral microbiome and the factors influencing it could 

lead to new strategies such as a probiotic mouth wash to alter the microbiome, and may improve 

not only oral health but systemic health as well. Such interventions may even impact pregnancy 

and its outcomes. Oral conditions are commonly observed among pregnant women, including 

gingivitis, periodontal disease and bleeding gums. While some oral conditions are associated with 

an increased risk of adverse pregnancy outcome, bleeding gums may surprisingly have a positive 

influence. By opening up the vascular bed, oral bacteria from the mother may enter the 

bloodstream and gain access to the placenta. Research has shown that the placenta harbours a 

microbiome similar to the oral cavity, and it is expected that the placental microbiome has a 

biological function (3). This could be the ‘training’ of the foetal immune system in recognizing 

‘friend or foe’ as prof. dr. Egija Zaura pointed out. In the prenatal period, fetal immune cells interact 

with the mother’s microbial agents and return to fetal peripheral lymphoid organs, where high 

proportions of immune cells with immunosuppressive activity are found. As a result, the foetus 

develops early tolerance to the mothers commensal oral bacterial species (4). Thus, foetal 

tolerance towards commensal microbiota might already be trained during pregnancy, and the oral 

microbiota of the mother might be responsible for this.  

 

Gender based differences in skin microbiota  

Early studies on the human skin microbiota already identified key differences between males and 

females, including an increased diversity and unique composition of female skin microbiota 

compared to males (5). Physiologically, women and men’s skin differ in many ways, and these 

factors are likely involved in the establishment of a female specific skin microbiota. Environmental 

factors such as hygiene and cosmetics also underlie unique traits of the female microbiota. For 

both men and women, environmental exposure increases overall diversity, which is most likely due 

to ‘picking’ up species as you walk around. This idea led to the ‘rewilding hypothesis’, which state 

that the loss of microbial diversity is due to a decrease in environmental exposure. This may 

impact immune dysfunction and could lead to loss of competitor species.  
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Further investigating both the physiological and environmental mechanisms that influence 

the skin microbiota is important, as they are most likely involved in the development of skin 

diseases. Indeed, several skin diseases have been associated with alterations in the skin 

microbiota (dysbiosis), such as atopic dermatitis, psoriasis and acne vulgaris. Increasing our 

knowledge on the mechanisms that drive alterations are critical in improving and developing novel 

skin disease treatments. This may include probiotics to treat or prevent skin diseases, for example 

in the form of probiotic skin care products and probiotic make-up to restore or maintain a healthy 

(female) skin microbiota.   

 

The breast microbiome and its role in breastfeeding  

Human milk has been traditionally considered sterile, but recent studies have now identified more 

than 200 bacterial species. Even more, they are considered as one of the benefits associated with 

breastfeeding because of their key contribution to the infant gastrointestinal tract and associations 

with decreased incidence of infections such as necrotizing enterocolitis and otitis. Unfortunately, 

some mothers experience problems with breastfeeding and between 3% and 33% of lactating 

mothers suffer from mastitis, an inflammation of the mammary gland and the main medical cause 

of premature weaning. Mastitis is associated with a less diverse microbiota with a higher total 

number of bacteria, mainly belonging to Staphylococcus. Many of the Staphylococcus species are 

resistant to antibiotics and thus alternative strategies are required to treat mastitis. An alternative 

treatment may be the use of probiotics, in particular bacteria isolated from breast milk. Clinical 

trials with isolated breast milk bacteria have already showed that these probiotic bacteria are an 

effective alternative for the treatment of infectious mastitis during lactation (6, 7). In addition, a 

recent study by the group of Dr. Leonides Fernandez showed that probiotics can be used as a 

prophylactic tool to reduce the incidence of mastitis (8).  

 

The microbiome-estrogen axis in female health  

Several interaction between sex hormones and the gut microbiota have been reported (9). Among 

others, the gut microbiota has been shown to affect systemic estrogen levels and a strong 

association was found between the diversity of the gut microbiota and systemic estrogens (10). 

Estrogen levels change day to day during each menstrual cycle, during pregnancy, as well as 

during menopause and post menopausal years. After menopause, systemic estrogen levels are 

significantly decreased, causing an increased risk of osteoporosis. Hormone replacement therapy 

with estrogen can prevent or reverse these changes, but high levels of systemic estrogen are 

shown to contribute to breast cancer risk for postmenopausal women (10). By affecting systemic 

estrogen levels, the gut microbiota might be involved in these processes. Indeed, the microbiota 

was found to differ between postmenopausal women with breast cancer compared with similar 

women without breast cancer, thereby implying that the gut microbiota may indeed affect breast 

cancer risk, as Prof. Dr. James Goedert pointed out. However, more research is needed to further 

establish the relationship between (systemic) estrogen levels, the gut microbiota, and breast 

cancer risk. This may lead to novel targets for interventions, such as altering the microbiota or 

specific microbial functions to reduce the disease risk.   

 

Diversity and dynamics of the human vaginal microbiota  

The vaginal microbiota plays a key role in preventing a number of urogenital diseases, such as 

bacterial vaginosis, yeast infections, sexually transmitted infections, urinary tract infections and HIV 

infection (11). Several intrinsic factors such as ethnicity, age, time in the menstrual cycle, 

menstruation and pregnancy, and extrinsic stimuli such as sexual intercourse and smoking have 

been shown to influence both the composition and dynamics of the vaginal microbiome.  
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Studies in healthy asymptomatic non-pregnant women of reproductive age suggest that the 

vaginal microbiome clusters into a limited number of communities that differ in bacterial 

composition and abundance and are referred to as community state types (CST)  (12) . However, 

literature has not yet agreed on how to define community states across different samples. 

Nonetheless, CSTs have proven to be useful in reducing the complexity of data and allowing 

epidemiological investigations. Such studies have shown that the distribution of community types 

varies among women from different ethnic backgrounds (12). In addition, some women have a 

community that is rather dynamic with changes over short periods of time, while others have a 

highly stable vaginal microbiota.  Certain community types are more associated with poor 

reproductive outcomes and STDS, while the presence of Lactobacillus species is associated with a 

healthy state and is thought to protect reproductive age women from non-indigenous pathogens 

(11). However, Lactobacillus iners dominated communities’ show less protective properties. Thus, 

differences in for example the presence of different Lactobacillus species may provide different 

levels of protection against disease infection. 

Although the microbes that inhabit the vagina have been fairly well characterized, it is 

important to improve understanding of the roles of these species and the factors that can affect 

and control the vaginal microbiome dynamics. This may lead to the identification of key microbial 

biomarkers which can be leveraged to develop targeted, personalized therapies such as probiotics 

to maintain or restore a healthy vaginal microbiome and thereby contribute to women’s 

(reproductive) health.  

 

The male factor in women’s health  

Another important effector of the vaginal microbiota is the penile microbiome. The penis itself 

provides distinct anatomical environments in the urethra and the coronal sulcus. These different 

sites support stable and distinct bacterial communities with large inter-individual differences in 

penile microbiome composition (13). In addition, striking differences have been reported between 

the urine microbiomes of sexually transmitted disease positive and negative men as well as 

circumcised and uncircumcised men (13, 14).  

A wide spectrum of microorganisms are also found in semen and semen quality appears to be 

highly associated with seminal bacterial communities (15). It was shown that most normal semen 

samples were clustered in Lactobacillus predominant group, whereas Prevotella and 

Aggregatibacter were relative abundant and significantly present in the case samples (15). Another 

study on male seminal microbial communities showed that male virgins had a lower bacterial 

concentration and lower number of different bacteria in their semen than sexually experienced 

men, suggesting that the vaginal microbiome influences the penile microbiome, and vice versa 

(16). 

The impact of male genital tract microbiota on the female one is observed in most of the 

studies conducted, although some opposite results have been obtained as well. As of yet, there 

are very few studies conducted on the couples’ genital tract microbiota, but adverse effect of male 

genital tract bacteria on in vitro fertilization and pregnancy outcome have been reported and thus 

more studies are warranted. This may lead to the development of probiotics for both men and 

women that can alter the genital microbiomes to improve fertilization and fertility.   

 

The role and restoration of the microbiome in urology  

The urinary system above the lower urogenital tract has long been assumed sterile, with bacteria 

only being considered for their role in infectious disease such as urinary tract infection. However, it 

is now being recognized that there is an unique urinary microbiome (17). Although the numbers of 

studies are limited, differences are found between female and male urinary tract microbiomes. In 

addition, studies are uncovering a wide range of bacteria in many patients with various urological 
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dysfunctions (17). For example, significant differences are found in the frequency and abundance 

of bacteria present between women with and without urgency urinary incontinence, suggesting that 

the urinary microbiome plays a role in female urinary health (18). However, the field of urinary 

microbiome is still developing and  more studies are needed to further characterize the urinary 

microbiota in health and disease. In addition, different methods are used to collect and analyse 

urinary samples which likely impact the microbiome profiles found and thus uniform methods are 

warranted.  

 While the paradigm of a sterile urinary tract is slowly shifting with the identification of 

bacteria in the urinary tract of the urethra and the bladder, bacteria might be even present in the 

upper tract and kidneys, but are not typically thought to be in the kidney during health (19). 

Nonetheless, other microbiomes might play a role in urology, such as those in the intestinal tract 

whose byproducts pass through the kidneys and urinary system (20). Indeed, research has shown 

that bacteria from the gut might be involved in kidney stones, where the colonization of the gut 

bacteria O. formigenes was associated with a 70% reduction in the risk for being a recurrent 

calcium oxalate stone former (21).  

The exact role of the urinary microbiome needs to be elucidated, but could be the 

production of neurotransmitters that interact with the nervous system, outcompeting pathogens, 

and degrading harmful compounds, among others. More studies are needed to identify species 

associated with superior health, to assess the relationship between the urinary microbiota and 

urological diseases and to determine the role of the urinary microbiome. This could then lead to the 

use of probiotic therapy to help out-compete pathogenic bacteria and restore homeostasis.   

 

 

 

This year’s Women & their Microbes gave a detailed research overview of the female-related 

microbiomes, which has never been presented this way at an international scientific meeting 

before. The seven international microbiome experts highlighted the fact that the female microbiome 

is diverse from head to toe, within and between women. Both intrinsic and extrinsic factors have 

been identified that can influence the microbial composition of these niches.  Improving our 

understanding of the women microbiome and its extra-microbial and external influences is 

necessary to move this field foreword and impact women’s health. As initiating partner, Winclove 

was honoured to contribute to this effort and stated that this will most definitely not be the last 

edition of Women & their Microbes.  
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