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Vaginal microbial niche is a dynamic ecosystem, composed by more than 200 bacterial species which are influenced by genes, ethnic background and environmental-behavioral factors. Several lines of evidence have well documented that vaginal microbiome constantly changes over the course of woman’s life, so to exert an important impact on woman quality of life, from newborn to post-menopausal ages. This review aims at analyzing the role of vaginal microbiome in the maintenance of woman’s homeostasis and at tracking critical changes that commonly occur across woman’s lifetime. The role of hormone replacement therapy in the modulation of vaginal microbiome composition and in the improvement of vaginal wellness in postmenopausal women with decreasing levels of circulating estrogen is discussed.
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Introduction

The vaginal microbiome is a complex ecological system including commensal, symbiotic and pathogenic organisms that inhabit the vaginal surfaces and its cavity, while maintaining its own homeostasis through mutualistic relationships with the host (Sobel, 1999). This habitat is normally dominated by a limited number of species of lactic acid bacteria (LAB) variously represented in the different reproductive-aged women, which act collectively against various diseases, such as infectious, urogenital, and metabolic diseases (Ravel et al., 2011).

The habitat is strongly interconnected to subject race or ethnicity as well as personal and social behaviors, such as dietary habits, use of probiotics, hygiene and sexual practices, or use of lubricants (Durán et al., 2020).

Recent efforts of culture-independent metagenomics approaches have identified the microbial communities populating the vagina (Relman, 2015). Particularly, species of Lactobacillus spp. are dominant in most women, playing a crucial role in both vaginal health and gynecologic wellness (Redondo-Lopez et al., 1990; Witkin et al., 2007; Martin, 2012). LAB are able to generate hydrogen peroxide and lactic acid, to create an acidic microenvironment in response to estrogen levels variations in the bloodstream, to closely adhere onto specialized epithelium, while through competitive exclusion restraining the growth of most pathogens, widely implicated in various gynecological disorders (Redondo-Lopez et al., 1990; Witkin et al., 2007; Martin, 2012). When LAB levels are decreased, the anaerobic bacteria can occur and often determine bacterial vaginosis. In the culture-independent assessment of human vaginal microbiome, Prevotella was found as one of the dominant genera (Diop et al., 2019). Prevotella are among the most prevalent bacteria in the human microbiome, and their diversity and potential roles have been recently evaluated (De Filippis et al., 2019). In particular, P. bivia is linked to epithelial cytokine production, identified in infected biological samples during pregnancy complications. In the vagina, some examples of synergistic relationships occur, such as the case of P. bivia and Gardnerella vaginalis (Randis and Ratner, 2019).

The vaginal microenvironment is exposed to substantial modifications throughout women life. Several stressors, such as hormones and habits, can dramatically change vaginal microbiome composition, resulting for example in the depletion of LAB, reduction of microbial diversity and occurrence of dysbiosis, often leading to bacterial vaginosis, yeast infections, sexually transmitted diseases, urinary tract infections and poor fertility (Pybus and Onderdonk, 1999; Donders et al., 2000; Marrazzo, 2006). Dietary intake has been shown to play a role in influencing the composition of vaginal microenvironment in women of childbearing age, since a lower concentration of some essential nutrients, such as vitamins A, C and E, b-carotene deficiency and an altered iron status may contribute to the risk of bacterial vaginosis and Candida colonization. At a similar extent, increased plasma glucose levels and dietary fat, as well as obesity, are associated with poorer vaginal health and dysbiosis state (Durán et al., 2020). Nevertheless, a recent prospective cohort study investigating the link between BMI and incident bacterial vaginosis has suggested that obese women had a lower risk of bacterial vaginosis compared to women with normal BMI (Lokken et al., 2010). Similarly, smoking habits have been found associated with bacterial vaginosis, due to a lower Lactobacilli count and higher Nugent scores (Durán et al., 2020).

A better understanding of vaginal microbiome composition, functions and changes may be pivotal in gaining new pathophysiological insights in women’s diseases that could be used to implement strategies of prevention.

Here we provide a survey of the vaginal microbiome composition throughout the entire woman life, considering that its changes from birth, throughout puberty, reproductive age and menopause. In addition, we highlight how changes in microbiome composition may critically impact woman health.



From Newborn to Menarche

Several bacteria species constitute the vaginal microbiome in early childhood (Figure 1), including anaerobes, Diphtheroids (particularly Corynebacterium spp.) coagulase-negative Staphylococci, E. coli and Mycoplasma spp (Hammerschlag et al., 1978a; Hammerschlag et al., 1978b). Conversely, upon estrogen/progestin exposure with puberty (Figure 1), the vaginal microbial niche shifts towards other predominant colonies, as Lactobacillus spp., Atopobium, and Streptococcus spp (Durán et al., 2020).




Figure 1 | Changes in the composition of vaginal microbiome throughout women life. In childhood (left panel), Corynebacterium spp., coagulase-negative Staphylococcus spp., Escherichia coli and Mycoplasma spp., form the vaginal microbiome. At puberty, upon estrogen/progestin exposure the vaginal microbial niche shifts towards other predominant colonies, mainly including Lactobacillus spp., Atopobium, and Streptococcus spp. During reproductive age (middle panel), vaginal microbiome houses a range of bacterial communities, mainly including lactobacilli (L. crispatus, L. gasseri, L. jensenii and L. iners) along with anaerobic bacteria. Menopause (right panel) induces further changes in the composition of vaginal microbiome, mainly composed by Gardnerella vaginalis, Ureaplasma urealyticum, Candida albicans and Prevotella spp., together with a progressive decrease in species of Lactobacillus. Created with BioRender.com.



Historically, it has been thought that the fetus develops in a sterile environment during pregnancy (Tamburini et al., 2016). However, recent next-generation sequencing studies from placental and fetal samples have challenged the hypothesis of a sterile womb, as microbial DNA fragments have been found in the uterine environment (Blaser et al., 2021). These intriguing results have raised the questions of whether the presence of an indigenous resident and growing microbial community in utero should be postulated, or whether it results from a systemic trafficking of bacterial metabolites during pregnancy and at delivery, and what are potential functional consequences on fetal development (Blaser et al., 2021).

To date, scientific evidence does not truly support an in utero microbial colonization, and the vast majority of human studies confirm the hypothesis of a sterile womb but contemplate the possibility of a transient exposure during gestation and at the time of delivery (Blaser et al., 2021).

Furthermore, recent studies have established an higher stability of vaginal microbial composition, mostly represented by Lactobacillus spp. earlier in pregnancy. On the other side, the occurrence of vaginal infections during pregnancy may induce a more diverse and lesser stable vaginal microbiome, to alter uterine environment. Several studies have shown that about 25% of preterm infants were born from mothers with intrauterine infections, which might have eventually contributed to the onset of preterm labor, suggesting a possible direct link between vaginal microbiome composition and early life outcomes (Goldenberg et al., 2008; Aagaard et al., 2014; Romero et al., 2014; Tamburini et al., 2016; Freitas et al., 2018). For instance, the presence of common vaginal residents such as Burkholderia and Lactobacillus iners has been found associated with preterm delivery (Aagaard et al., 2014), whereas the presence of A. vaginae and Leptotrichia spp. is commonly linked with dysbiotic state (Romero et al., 2014). However, these results deserve further and more accurate investigations, due to the methodological and technical concerns of the research works taken into account.

While different factors, including delivery mode, environmental exposures, antibiotics, breast feeding, probiotics and prebiotics intake, and genetic aspects, have been associated with gut microbiome changes in early life, very little is known about the role of these determinants on the vaginal microbial composition (Tamburini et al., 2016).

In newborns vaginal microbiome is mainly influenced by the presence of transplacental estrogens for glycogen supply, which is normally metabolized by human α-amylase in maltose and maltotriose used by LAB as metabolic substrate to produce lactic acid (Durán et al., 2020). Therefore, the sudden cessation of transplacental estrogens has been reported to reduce vaginal glycogen content, so that the resulting vaginal pH is neutralized or alkalized (Miller et al., 2016).

In childhood and pre-pubescent stages, vaginal pH remains neutral or alkaline, and is influenced by the constant presence of aerobic, strictly anaerobic and enteric species of bacteria (Donders et al., 2000; Marrazzo, 2006; Romero et al., 2014) whereas LAB are only sporadically found (Hammerschlag et al., 1978a; Hammerschlag et al., 1978b; Thoma et al., 2011). Later on, puberty onset induces a rise in estrogens and progesterone levels with a re-shaping of the vaginal microbiome, thereby favoring LAB colonization throughout the reproductive age of women. A comprehensive study by Eschenbach et al. (2000) has demonstrated that vaginal microbiome changes also with hormonal fluctuations commonly happening during the menstruum. Particularly, in healthy women without bacterial vaginosis, it was found that Lactobacillus spp. predominantly increased while Prevotella sp. decreased from day 1 to day 24 of the menstrual cycle (Eschenbach et al., 2000).

Whether the maternal microbiome environment might influence health status after birth and during childhood is yet to be fully elucidated. The importance of maternal-newborn sharing of essential microbes to support early life stages opens to the usage of probiotics supplementation in newborns (Braegger et al., 2011); in this regard, Lactobacillus and Bifidobacterium-enriched supplements have been proven effective in the treatment of atopic dermatitis (Panduru et al., 2015) and infantile colitis (Savino et al., 2010), presumably because of their ability to remodel the gut microbiome; however, no evidence of functional effects on vaginal microbiome have been ever reported. Thus, based on these preliminary observations, it would be highly intriguing to understand whether and how probiotics may influence the vaginal microbiome (beyond the gut system) and also protect against various diseases of the newborn.



Reproductive-Aged Women

In reproductive-aged women, the vaginal microbiome houses a range of bacterial communities, including at most species of the genus Lactobacillus (L. crispatus, L. gasseri, L. jensenii and L. iners) (Vasquez et al., 2002; Fredricks et al., 2005), anaerobic bacteria and variably variable amounts other less common bacteria (e.g. Atopobium, Prevotella, Parvimonas, Sneathia, Gardnerella, Mobiluncus and Peptoniphilus), which are more frequently observed in bacterial vaginosis (Coolen et al., 2005; Marrazzo, 2011).

Across reproductive age, the vaginal microbiome is exposed to estrogens and progestin, and some crucial changes may happen, such as a lowering of local pH (<4.5) due to glycogen metabolization, which in turn may restrict the growth of many pathogens and even induce structural modifications of the vaginal epithelium (Farage and Maibach, 2006). In fact, as soon as reproductive age begins the rise in estrogens promotes the vaginal mucosal epithelium hyperplasia and increases cellular glycogen content (Amabebe and Anumba, 2018). Glycogen is catabolized by human α-amylase to maltose, maltotriose and α-dextrines, then further metabolized to lactic acid by Lactobacillus species (Amabebe and Anumba, 2018). Consequently vaginal pH reaches 3.5-4.5, which is suitable for the adhesion, colonization and survival of Lactobacillus and other bacterial species (Amabebe and Anumba, 2018). Therefore, estrogens play an important role on both vaginal microbiome composition and vaginal epithelium: the progressive increase in estrogen levels from puberty to reproductive age triggers the transition from low glycogen levels, high microbial diversity, high vaginal pH and thin vaginal epithelium during puberty, to high glycogen deposits in the epithelial cells and free glycogen available for Lactobacillus spp., which then predominates the healthy vaginal microbiome, and thickening of vaginal epithelium (Amabebe and Anumba, 2018).

An imbalance in the composition of vaginal microbiome across this age, as it commonly occurs in dysbiosis, may result in bacterial vaginosis, an infectious process that is clinically defined when three out of four Amsel’s criteria are fulfilled (Amsel et al., 1983): i) excessive white vaginal discharge; ii) fishy malodor; iii) vaginal pH secretion > 4.5; iv) “clue” cells in wet preparations. A laboratory scoring system, namely Nugent score (Nugent et al., 1991), based on the quantitative assessment of Lactobacillus and other microroganisms (Gardenerella vaginalis, Prevotella spp., Mobiluncus) on Gram-stained vaginal smear, allows a more sensitive detection of bacterial vaginosis as compared to clinical criteria only (Amsel et al., 1983). Indeed, high LAB levels are associated with a healthy state, whereas their depletion along with the prevalence of other morphotypes are more likely observed in bacterial vaginosis (Nugent et al., 1991). For a long time, high levels of Lactobacillus at vaginal level in reproductive-aged women has been thought to be healthy, whereas a low or absent concentration has been recognized as non-optimal state (Priestley et al., 1997). The assumption that LAB cooperatively work for the maintenance of a healthy vaginal environment mainly relies on in vitro bacteria cultures studies which, albeit limited by techniques-dependent variables, have advanced the scientific knowledge on vaginal microbiome composition over the years (Hay et al., 1997; Keane et al., 1997; Schwebke et al., 1999).

However, the advent of culture-independent methods, such as 16S rRNA gene sequencing (Stackebrandt and Goebel, 1994), has led to comprehensively capture resident bacteria taxa in the vagina (Bakken, 1985; Ravel et al., 2011; Pasolli et al., 2020). Indeed, by performing means of 16S rRNA gene sequencing, a pioneering study by Ravel et al. (2011), performed on a cohort of 396 asymptomatic and sexually active women of four different ethnicities, has found a myriad of resident bacteria species, and has proposed to classify five main vaginal microbial subtypes, namely community state types (CSTs). Based on the 282 taxa identified, patients were grouped into 5 distinct community clusters. CSTs I, II, III and V, commonly associated with a healthy vagina, found in 73% of women, were dominated by different species of Lactobacilli (L. iners, L. crispatus, L. gasseri, or L. jenseni), and, more likely, were mainly represented among Asian and White communities (Ravel et al., 2011). A recent large-scale analysis of LAB genomes from food and human microbiomes indicated that L. crispatus, L. gasseri and L. jenseni are indeed the most prevalent in vagina samples (Turnbaugh et al., 2007). CST IV, further subclassified as IVA and IVB, characterized by a lower amount of LAB but higher proportions of strictly anaerobic organisms (Gardnerella, Atopobium, Mobiluncus, Prevotella and Leptotrichia), clustered more within Hispanics and Blacks, and were linked to a dysbiosis state, high Nugent score and an asymptomatic un-healthy state (Ravel et al., 2011). These findings, later confirmed in other investigations (Gajer et al., 2012), have demonstrated that LAB may have a crucial role in the maintenance of a healthy vaginal microbiome. Moreover, these results have also shown that interindividual variability does exist and most likely relies on complex interactions between microbial species and vaginal environment. In both studies (Turnbaugh et al., 2007; Ravel et al., 2011) each community cluster has been reported to be relatively stable over time in some cases, whereas, in other cases, a shift among CSTs has been observed and associated with a high microbial turnover. However, women shifting their CST otherwise had a good acidic vaginal environment, performed well on Nugent (low score) and kept a healthy vaginal state (Ravel et al., 2011; Gajer et al., 2012). Among Lactobacillus species, L. iners is reported to have a controversial role in maintaining vaginal ecosystem. Its genome encodes proteins involved in the optimal adaptation to the vaginal niche, such as iron-sulfur proteins and unique σ-factors. However, L. iners has also been isolated from vaginal microbiota of bacterial vaginosis, suggesting that this species can easily adapt to the fluctuating vaginal niche or lead to a symbiotic or parasitic lifestyle. L. iners-dominated bacterial vaginosis may be also associated with higher risk of preterm labor, endometritis or other reproductive tract infections (Petrova et al., 2017).

Adding complexity on vaginal microbiome heterogeneity, several studies have also included woman race as a confounding variable and have thus reported contrasting results on CST-race specificity. In fact, each distinct CST could be easily found across some human races (Japanese, White and Black North American women), and, as a result, vaginal microbiome composition might be influenced by genetic/immunological cues more likely than social/behavior habits (Zhou et al., 2007). Moreover, a given CST could associate with a given race (Zhou et al., 2007), as for instance women of European Ancestry more easily carry a Lactobacilli-dominated microbiome, whereas Hispanic and African American women do not (Fettweis et al., 2014).

Altogether these findings suggest that the rise in sexual hormones, both estrogens and progestin, after menarche and during reproductive age induces crucial changes in the composition of vaginal microbiome, which contributes to the maintenance of a healthy vaginal environment. In this respect, LAB play a crucial role for vaginal homeostasis, and the imbalance toward other microbial species may prompt the development of un-healthy states. However, vaginal microbiome composition is very heterogeneous among individuals, as it is influenced by genetic and immunological factors as well as ethnicity, besides social habits and hormone levels.

Vaginal microbiome reportedly plays a crucial role also in human papillomavirus (HPV) infections, known to be associated with cervical carcinoma progression. Vaginal microbiota diversity may be involved in regulating HPV persistence and cervical intraepithelial neoplasia (CIN) disease severity (Mitra et al., 2015). Particularly, low grade squamous intra-epithelial lesions (LSIL) samples have shown a significant over-representation of Lactobacillus jensenii and Lactobacillus coleohominis; high grade squamous intra-epithelial lesions (HSIL) samples were found to have significantly higher levels of Peptostreptococcus anaerobius, Anaerococcus tetradius and a significant over-representation of Fusobacteria and Sneathia sanguinegens. Increasing disease severity was also associated with decreasing relative abundance of Lactobacillus spp (Mitra et al., 2015). Vaginal samples exhibiting a low relative abundance of Lactobacillus spp. (as in CST IV) or dominated by L. iners (CST III) had the major proportion of HPV-positive samples, suggesting an increasing risk of HPV acquisition and/or persistence in these two states (Brotman et al., 2014). Conversely, women with vaginal microbiota dominated by L. gasseri (CST II) had a faster HPV remission rate (Brotman et al., 2014). A Korean study has identified a diversity of vaginal microbiota among monozygotic twin women depending on the presence or absence of HPV. A lower presence of Lactobacilli spp. has been found in HPV-positive women, denoting the presence of Sneathia spp as risk factor for HPV infection (Lee et al., 2013). Consistently, CST IV seems to be associated with HPV infection, being characterized by a greater diversity of species than other CSTs, with a lower presence of Lactobacilli spp. in favor of anaerobes such as Gardnerella, Megasphera, Sneathia and Prevotella (Romero et al., 2014). The increased growth of these anerobic species determines bacterial vaginosis, a condition that has been associated with the infection and persistence of HPV and the consequent development of CIN (Guo et al., 2012).

Therefore, at vaginal level, unlike other districts of the body, microbial variability is associated with a disease state and not with healthy state. The ability to maintain an acidic environment and to produce bacteriocin explains the importance of the predominance of Lactobacillus spp. at the vaginal level. Vaginal mucosa is thus intact and protected from the invasion of other microorganisms such as HPV. In fact, in a population of 9165 premenopausal women a 10-20% significant increase in the incidence of HPV infection has been found associated to a pH greater than 5 at the vaginal level (King et al., 2011). Furthermore, the production of bactericidal molecules makes Lactobacillus spp. a worthy protector of the vaginal environment. In fact, L. gasseri, as well as L. crispatus and L. reuteri are capable of producing Gasserin which acts on both Gram positive and Gram negative bacteria (Clarke et al., 2012).

However, the most common bacterial sexually transmitted infection worldwide is represented by Chlamydia trachomatis (CT), a Gram-negative obligate intracellular bacterial pathogen able to cause simple urogenital tract infections, including asymptomatic urogenital infections such as urethritis and cervicitis, potentially evolving in more serious problems if not promptly treated, such as pelvic inflammatory disease, ectopic pregnancy and infertility (Mitra et al., 2016; WHO, 2018).

Vaginal ecosystem changes during common infections of the female genital tract has been recently investigated by analyzing vaginal microbiome and metabolome in 79 reproductive aged women, by means of next generation sequencing and proton based-nuclear magnetic resonance spectroscopy (Ceccarani et al., 2019). Patients were classified as vulvovaginal candidiasis (VVC, no.18), Chlamydia trachomatis infection (CT, no.20), bacterial vaginosis (BV, no.20) and healthy controls (HC, no.21) (Ceccarani et al., 2019). Lactobacillus genus was profoundly reduced in all genital infections; species-level analysis revealed that healthy vaginal microbiome was dominated by L. crispatus, whereas the shift from HC to CT, VVC, and BV induced the progressive replacement from L. crispatus to L. iners (Ceccarani et al., 2019). VVC, CT and BV have been reported to be characterized by anaerobe genera, including. Gardnerella, Prevotella, Megasphaera, Roseburia and Atopobium (Ceccarani et al., 2019). These bacterial communities changes during the genital infections resulted in the significant decrease of lactate and the pathological alteration in the vaginal metabolites composition (Ceccarani et al., 2019). These findings reinforce the evidence that the vaginal microbiome is an important first line defense for several types of infections and its modifications can favor the invasion by microorganisms. In healthy women microbiome abounds in L. crispatus that has been shown to be a protective factor for CT adhesion, unlike L. iners (Ceccarani et al., 2019). The former has a greater capacity to produce lactic acid both L and D dimers and H2O2, allowing a more acidic environment that can counteract the action of CT by destruction of the surface molecule(s), destruction of the membrane, and disruption of the internal metabolism (Boskey et al., 1999; Nardini et al., 2016). Indeed a case control study has shown that L. iners-dominated community is a risk factor for CT infection (Houdt et al., 2018). Another microorganism connected with CT infection is Prevotella, as it is a source of tryptophan, an amino acid essential for CT growth (Ziklo et al., 2016). Conversely, Lactobacillus concentration was found not significantly changed during VVC, resulting from the excessive growth of Candida species normally colonizing the vaginal environment (Underhill, 2013). In fact, during VVC vaginal pH is reported normal (Workowski and Berman, 2010), and a Lactobacilli dominant microbiota has been found in patients with VVC (Wu et al., 2017). These data are confirmed in other studies, reporting no difference in vaginal microbiome composition between healthy woman and those with severe VVC (Zhou et al., 2009; Vylkova et al., 2011), and no typical pattern of microbiota during VVC has been identified (Liu et al., 2013).

Whether the use of probiotics might be effective for treatment of dysbiosis in reproductive aged women is still under investigation. Some studies have proposed an emerging role for prebiotics and probiotics in the remodeling of the vaginal microenvironment in women of childbearing age (Huang et al., 2014; Xie et al., 2017). In this respect, a recent Cochrane metanalysis (Table 1, Xie et al., 2017) analyzed the role of probiotics supplements in a large patient cohort of 1656 non-pregnant women affected by vulvo-vaginal candidiasis. This comprehensive study revealed that the combination of probiotics with antifungals may represent an effective strategy against this infectious disease, compared to the only administration of conventional therapeutics with antifungal drugs (Xie et al., 2017); in addition, combined treatment with antifungals and probiotics supplements, taken by oral and vaginal routes, could improve short-term clinical and mycological cure rates without influencing long-term outcomes and decrease the rate of relapse at 1 month follow-up. Similarly, a large metanalysis including 12 randomized controlled trials for a total of 1,304 participants has demonstrated some satisfactory results of probiotics against bacterial vaginosis with a significant improvement of cure rate after 21 and 30 days of treatment (Table 2, Huang et al., 2014). However, these results deserve further and more accurate investigations, due to the overall low-quality evidence of the research works taken into account.


Table 1 | Effects of probiotics supplementation in non-pregnant women affected by vulvo-vaginal candidiasis.




Table 2 | Effects of probiotics supplementation in non-pregnant women affected by bacterial vaginosis.



Similarly to the successful use of fecal microbiota transplantation in intestinal infections, recently the potential role of vaginal microbiome transplantation (VMT) from healthy donors has been investigated as a therapeutic alternative for patients with symptomatic and recurrent bacterial vaginosis (Lev-Sagie et al., 2019). Four out of five treated patients had a full long-term remission up to last follow-up at 5-21 months after VMT, associated with the reconstitution of a Lactobacillus-dominated vaginal microbiome (Lev-Sagie et al., 2019).



Menopause

A wide range of vaginal microbiome composition has been shown in menopausal age, and relative abundance of microbial species in the vagina largely varies among women (Srinivasan et al., 2010; Brotman et al., 2014). Moreover, vaginal microbiome has been reported to play a crucial role in postmenopausal women mainly because it may exert profound effects on the development of vulvovaginal atrophy, vaginal dryness and impaired sexual health (Muhleisen and Herbst-Kralovetz, 2016).

Generally, the decrease in LAB levels in postmenopausal women is considered a physiologic change (Muhleisen and Herbst-Kralovetz, 2016). In 1997 Hillier et al. investigated vaginal microflora in 73 postmenopausal women, who had not received hormonal replacement therapy (HRT) (Hillier and Lau, 1997). Lactobacilli were detected in 49% of women, whereas Gardnerella vaginalis was found in 27%, Ureaplasma urealyticum in 13%, Candida albicans in 1%, and Prevotella bivia in 33% of women (Fettweis et al., 2014). This study concluded that species of Lactobacillus and other vaginosis-associated bacteria were less common in postmenopausal woman than those found in women at fertile age (Hillier and Lau, 1997). Similarly, the prevalence of bacterial vaginosis has been reported overall lower in postmenopausal women (6.0%) than in fertile (9,8%) and perimenopausal (11%) woman (Cauci et al., 2002). Particularly, 6.3% of postmenopausal women not receiving HRT and 5.4% of those treated with HRT have been found positive for bacterial vaginosis (Cauci et al., 2002). Therefore, the reversion of LAB microbial diversity to premenopausal levels following HRT has been shown not to increase the prevalence of bacterial vaginosis in postmenopausal women (Cauci et al., 2002).

The composition of the vaginal microbiome has been investigated in a cohort of 87 women, including 30 premenopausal, 29 perimenopausal, and 28 postmenopausal women (Brotman et al., 2018). Bacterial communities were grouped into six state types (CST), including Lactobacillus crispatus in CST I, Lactobacillus gasseri in CST II, Lactobacillus iners in CST III, Lactobacillus jensenii in CST V, Streptococcus and Prevotella in CST IV-A, and Atopobium in CST IV-B (Liu et al., 2013). A significant association was found between CSTs and menopause stage, as well as between CSTs and vulvovaginal atrophy (Brotman et al., 2018).

A recent study by Cohen et al. (2020) has suggested that the administration of Lactobacillus crispatus strain CTV-05 could colonized women and reduce bacterial vaginosis, when given as s vaginal dose.

In 2015 an American study has analyzed the difference between vaginal glycogen content and Lactobacillus species levels in cervicovaginal lavage samples of 11 premenopausal and 12 postmenopausal women (Mirmonsef et al., 2015). Postmenopausal women have been found to display significantly lower levels of free glycogen than premenopausal women, which in turn had higher Lactobacillus levels and lower vaginal pH (median pH= 4) than postmenopausal women (median pH= 4.6) (Lee et al., 2013). In all samples, a positive correlation between L. iners and glycogen levels has been shown in samples from both premenopausal and postmenopausal women. Similarly, L. jensenii levels were significantly associated with free glycogen in all samples. L. iners levels were found higher in samples from premenopausal women, whereas L. crispatus and L. jensenii levels were not significantly different between two groups (Mirmonsef et al., 2015).

However, the most common type of vaginitis in postmenopausal women is aerobic vaginitis (AV), characterized by Streptococcus spp as the dominant bacteria. AV induces severe depression of lactate production with clinical features notably different from those of bacterial vaginosis. In fact, AV elicits an important host response with cytokines production and vaginal leucocytes presence (Donders et al., 2002). Usually the color of the discharge in bacterial vaginosis is whitish or gray and of a watery consistency, whereas in AV it is yellow to green and rather thick mucus. Worth to note, severe AV may induce dyspareunia, which is generally not present in women with bacterial vaginosis (Donders et al., 2017).

These findings support that vaginal microbiome composition physiologically changes in postmenopausal women. The fall in estrogen levels results in the decrease of LAB levels, which in turn influences the occurrence of genitourinary menopausal symptoms, mainly including vulvovaginal atrophy, vaginal dryness and impaired sexual health.

The impact of the vaginal microbiome composition on genitourinary menopausal symptoms, serum estrogen, and vaginal glycogen has been investigated in 88 postmenopausal women (Mitchell et al., 2017). Among them, 66% had any Lactobacillus species detected and 38% had a Lactobacillus-dominant vaginal microbiome (Mitchell et al., 2017). Specifically, 24% of women had both L. crispatus and L. iners, 9% had L. crispatus only, 32% had L. iners only, 34% had neither species detected (Mitchell et al., 2017). Genitourinary menopausal symptoms were found not associated with the presence of specific Lactobacillus species (Mitchell et al., 2017). Noteworthy, women with Lactobacillus-dominant communities were demonstrated to have higher unconjugated serum estrone, but no difference in vaginal glycogen levels as compared to those with non-Lactobacillus-dominant communities (Mitchell et al., 2017). However, higher serum estradiol and estrone were not associated with either higher vaginal glycogen (Mitchell et al., 2017).

Whether the use of probiotics might be effective for treatment of postmenopausal symptoms is still under investigation. Lactobacilli have been shown to improve vaginal microbiome of menopausal women (Petricevic et al., 2008). Indeed, 72 postmenopausal women with Nugent scores between 4 and 6 were randomized into two groups: 35 women were assigned to the intervention group and received probiotic capsules containing 2.5 109 CFU each of lyophilized L. rhamnosus GR-1 and L. reuteri RC-14, and 37 women were randomized in the control group and received an oral placebo once daily for 14 days. The median difference in Nugent scores between baseline and the end of the study was 3 in the intervention group and 0 in the control group (Petricevic et al., 2008), thus leading to the substantial improvement in the vaginal flora of postmenopausal women and providing evidence for the use of oral probiotics as a potential alternative approach to restore the normal vaginal flora (Petricevic et al., 2008).

The effect of ultra-low dose vaginal tablets estriol (0.03 mg) and Lactobacillus acidophilus compared to placebo have been investigated in 87 postmenopausal women. The instillation of lactobacilli and ultra-low dose estriol was found to significantly improve the vulvovaginal symptoms in such women (Jaisamrarn et al., 2013).

A clinical trial on 60 postmenopausal women (aged 40 to 60 years), randomly assigned to receive oral isoflavone (150 mg dry extract of glycine max) alone, or isoflavone plus probiotic (L. acidophilus, L. casei, Lactococcus lactis, Bifidobacterium bifidum, and Bifidobacterium lactis), or hormonal therapy (1 mg estradiol and 0.5 mg norethisterone acetate) has demonstrated that after 16 weeks the hormonal therapy group showed an increased number of lactobacilli in the vagina, similar to that seen in premenopausal state, and a decrease vaginal PH; conversely no change in pH value was found in the isoflavone group and isoflavone plus probiotic group (Ribeiro et al., 2018). A recent study by Cohen et al. (2020) conducted on 228 premenopausal suggested that daily administration of vaginal dose of Lactobacillus crispatus,after treatment with vaginal metronidazole, can reduce recurrence of bacterial vaginosis after 12 weeks.
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OEBPS/Images/table1.jpg
List of research studies included in the Cochrane metanalysis on the usage of probiotics added to antifungals for the treatment of vulvo-vaginal candidiasis
(patient cohort = 1656 women)

Study

Zhang 2005
(Turnbaugh
et al., 2007)

Han 2006 (Gajer
et al., 2012)

Mai 2007
(Petrova et al.,
2017)

Hua 2008 (Zhou
et al., 2007)

Yang 2009
(Fettweis et al.,
2014)

Ma 2007 (Mitra
et al,, 2015)

Lin 2006
(Brotman et al.,
2014)

Martinez 2009
(Lee et al., 2013)
Nouraei 2012
(Romero et al.,
2014)
Kovachev 2015
(Guoetal.,
2012)

Therapeutic regimen

L. delbrueckii subsp. Lactis DM8909 + Miconazole

L. delbrueckii subsp. Lactis DM8909 + Clotrimazole

L. delbrueckii subsp. Lactis DM8909 + Clotrimazole

L. delbrueckii subsp. Lactis DM8909 + Miconazole

L. delbrueckii subsp. Lactis DM8909 + Clotrimazole

Streptococcus faecalis + Miconazole

Streptococcus faecalis + Clotrimazole

L. rhamnosus GR-1 and L. reuteri RC-14 + Fluconazole

L. casei, L. rhamnosus, S. thermophilus, Bifidobacterium breve,
L. acidophilus, Bifidobacterium longum and L. bulgaricus +
Fluconazole

L. acidophilus, L. rhamnosus, S. thermophilus and L.
delbrueckii subsp. Bulgaricus + Fluconazole plus Fenticonazole

Route of probiotics
administration

Vaginal

Vaginal

Vaginal

Vaginal

Vaginal

Vaginal

Vaginal

Oral
Oral
Fluconazole: oral

Fenticonazole: vaginal
Probiotics: vaginal

Endpoints

Long-term clinical and mycological cure rates
(assessed at 1 and 3 months after completion of
the treatment);

Rate of adverse events.

Short-term clinical and mycological cure rates
(assessed at 7-10 days after completion of
treatment);

First relapse after treatment (1 month after
completion of treatment);

Rate of adverse events.

Short-term mycological cure rate (7 days after
completion of treatment);

Rate of adverse events.

Short-term clinical and mycological cure rate (5-7
days after completion of treatment);

First relapse after treatment (33-37 days after
completion of treatment)

Short-term clinical and mycological cure rate (7-
10 days after completion of treatment);

First relapse after treatment (1 month after
completion of treatment);

Rate of adverse events.

Short-term clinical and mycological cure rate (7
days after completion of treatment);

Rate of adverse events.

Short-term mycological cure rate (7 days after
completion of treatment);

Rate of adverse events.

Long-term mycological cure rate (28 days after
beginning of treatment).

Short-term clinical cure rate;

Short-term mycological cure rate.

Long-term mycological cure rate (28 days after
beginning of treatment)

Adapted from reference (Pasolli et al., 2020).
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List of research studies included in the Huang metanalysis on the usage of probiotics alone or as adjuvants against bacterial vaginosis (patient cohort =

1304 women)

Study

Hallen 1992 (King et al.,
2011)

Parent 1996 (Clarke et al.,
2012)

Eriksson 2005 (Mitra et al.,
2016)

Anukam 2006 (WHO,
2018)

Petricevic 2008 (Ceccarani
et al., 2019)

Marcone 2008 (Nardini

et al.,, 2016)

Larsson 2008 (Boskey

et al., 1999)

Mastromarino 2009 (Houdt
et al., 2018)

Martinez 2009 (Ziklo et al.,
2016)

Ya 2010 (Underhill, 2013)

Marcone 2010 (Workowski
and Berman, 2010)
Bradshaw 2012 (Wu et al.,
2017)

Therapeutic regimen

L. acidophilus

Hydrogen peroxide-producing strain of L.
acidophilus + Estriol

L. gasseri, L. casei rhamnosus, L. fermentum +
Clindamycin

L. rhamnosus gR-1 and L. reuteri RC-14 +
Metronidazole

L. casei rhamnosus (Lcr35), lactose, and
magnesium stearate + antibiotic treatment
Freeze-dried L. rhamnosus + Metronidazole

Freeze-dried lactobacilli + Clindamycin cream

L. brevis CD2, L. salivarius FV2, and L.
plantarum FV9

L. rhamnosus GR-1 and L. reuteri RC +
Tinidazole

Lactobacillus rhamnosus, L acidophilus, and
Streptococcus thermophilus

L. rhamnosus + Metronidazole

L. acidophilus KS400, Estriol + Metronidazole

Adapted from reference (Bakken, 1985).

Route of probiotics
administration

Vaginal
Vaginal
Vaginal
Oral

Vaginal
Vaginal
Vaginal
Vaginal
Vaginal
Vaginal
Vaginal

Vaginal

Risk Ratio [95% confidence interval (Cl)] of the proposed
therapeutic regimen compared to placebo

34.14 [2.15, 543.06]

3.50

0.90

219

2.32

1.09

0.95

1.47, 8.34]

0.71, 1.14]

1.59, 3.03

1.75, 3.09]

0.91, 1.31

1.00, 2.06]

1.13, 56,41

1.21, 2.53]

1.19, 1.98

0.94, 1.62

1

0.82, 1.1

Total risk ratio (RR) = 1.53; 95% confidence interval (Cl) 1.19-

1.97
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