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Microbiome research has expanded rapidly over the past 15 years; however, the primary focus has been on the gut microbiome. Although understudied, the vaginal microbiome holds significant potential to improve women’s health. In this paper, we describe the current clinical diagnostic techniques utilised in women’s health and examine their drawbacks and limitations. We also discuss emerging diagnostic technologies based on microbiome analysis that could enable greater precision in diagnosis and personalised treatment. We additionally emphasise the need for standardisation in microbiome analysis and strengthening the knowledge base to enable advancements in accurate diagnosis, ultimately improving patient outcomes. This article aims to highlight opportunities in the field that can transform women’s health outcomes and outline the necessary actions to realise these opportunities, thereby enhancing women’s lives.
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1 Introduction

The vaginal microbiome is a complex and dynamic ecosystem of microorganisms that plays a crucial role in maintaining vaginal health. Its composition is influenced by hormonal fluctuations occurring during different stages of a woman’s life, such as prepuberty, the reproductive years, and postmenopause (Hickey et al., 2012; Chen et al., 2021). During the reproductive years, cyclical hormonal fluctuations associated with the menstrual cycle drive shifts in the vaginal microbiome (Hickey et al., 2012). The vaginal microbiome’s ability to adapt and return to a state of homeostasis is essential for protecting against infections and maintaining overall vaginal health (Chee et al., 2020). Disruption of this delicate balance can lead to dysbiosis, which may adversely affect reproductive health and contribute to conditions such as infertility, miscarriage, gynaecological cancers, premature birth, and disease (Merone et al., 2022).

Despite advances in research, our understanding of the vaginal microbiome and its interactions with the host remains limited. Historically, medical studies have excluded female participants and research data have been collected from men and subsequently generalised to women (Merone et al., 2022). Geller et al. analysed 86 randomised controlled trials across nine journals and found female representation to be just 37% (Geller et al., 2011). The underrepresentation of women in clinical trials limits understanding of gender differences in drug treatments, potentially leading to harmful outcomes. This bias can result in less effective treatments for women and overlooked side effects due to factors such as hormonal fluctuations, pregnancy, and menopause. Without adequate representation, safety profiles may be misunderstood, and women may not receive the correct diagnosis or treatment. A report conducted by the Global Health Alliances in 2014 suggested that neglect in medical research and funding is directly responsible for delayed diagnosis, severe disease progression, and premature death in women (It’s about time to focus on women’s health, 2023). Fewer studies focusing on women’s health issues will lead to slower development of diagnostics and treatments specifically designed to address women’s specific health needs. This can hinder progress in areas such as reproductive health, menopause, and certain cancers, including breast, cervical and ovarian cancer. Numerous microbiome studies highlight the need for personalised healthcare approaches that account for individual variations (Kashyap et al., 2017; Ratiner et al., 2024). Vaginal microbiome diagnostics show promise in various applications, including early detection of infections, more accurate diagnosis of gynaecological conditions, and improved reproductive health outcomes by assessing fertility, pregnancy, and cancer risks. Personalised treatment plans can also be tailored based on these diagnostics. In this review, we evaluate the potential of different rapid diagnostic tools, current advancements in vaginal microbiome diagnostics, and their prospects.




2 Vaginal microbiome diagnostics for vaginal infections

The dominant bacteria in the vaginal microbiome are Lactobacillus species, which produce lactic acid, helping to maintain a healthy acidic pH ranging from approximately 3.5 to 4.5 (Ravel et al., 2011). This acidic environment is essential for inhibiting the growth of pathogenic organisms and supporting overall vaginal health (Witkin and Linhares, 2017). In contrast, higher, more alkaline pH levels are associated with disruptions in microbial balance and an increased risk of vaginal infections (Chee et al., 2020). Alterations in vaginal pH, often resulting from decreased lactate production, are linked to vaginal dysbiosis and have been observed in patients with conditions such as bacterial vaginosis, chlamydia, and vulvovaginal candidiasis (Ceccarani et al., 2019).



2.1 Bacterial vaginosis

Bacterial vaginosis (BV) is the most common form of vaginitis in women of reproductive age, with a global prevalence ranging from 23% to 29% (Bacterial vaginosis; Peebles et al., 2019). It is characterised by a reduction in lactic acid-producing Lactobacillus species and an overgrowth of other bacterial species, such as Gardnerella vaginalis, Atopobium vaginae, and various anaerobes (Eschenbach, 1993; Srinivasan et al., 2012; Muzny et al., 2018). This shift in microbial composition leads to an increased vaginal pH, creating a more alkaline environment that promotes the overgrowth of opportunistic pathogens (Witkin and Linhares, 2017). Current diagnostic methods for BV include clinical approaches such as the Amsel criteria and Nugent score (Amsel et al., 1983; Nugent et al., 1991), as well as molecular tests like PCR that detect specific bacterial DNA (Cartwright et al., 2012). Future advancements in BV diagnostics, particularly the integration of technologies like Next-Generation Sequencing (NGS), will enable more precise identification of specific bacterial species and strains, along with their relative abundances (Srinivasan et al., 2012; Yeoman et al., 2013; Wang et al., 2015; Ferreira et al., 2018). In practice, a vaginal swab specimen would be collected and subjected to DNA extraction followed by NGS to profile the vaginal microbiota. The resulting microbial composition would be analysed to detect the presence and relative abundance of bacterial species associated with BV. This enhanced level of detailed characterisation of the microbes involved will enable clinicians to distinguish between different classifications of dysbiosis and guide targeted treatment approaches, which will not only improve patient outcomes but also contribute to antimicrobial resistance (AMR) stewardship. The value of clinical metagenomics for bacterial infection diagnosis has been extensively discussed (d’Humières et al., 2021; Hassall et al., 2024); however, its potential for BV diagnosis is often overlooked.




2.2 Sexually transmitted infections

The World Health Organisation (WHO) estimated that in 2020, there were 374 million new cases of sexually transmitted infections (STIs) globally among individuals aged 15 to 49. This included 129 million cases of chlamydia, 82 million cases of gonorrhoea, 7.1 million cases of syphilis, and 156 million cases of trichomoniasis (Sexually transmitted infections (STIs)). While many STIs are treatable with a short course of antibiotics, they pose significant health risks for women, including infertility, cervical cancer, preterm labour, and pelvic inflammatory disease (McCormack and Koons, 2019). Human papillomavirus (HPV) is of particular concern, as persistent infections with high-risk HPV types are the leading cause of cervical, vulval, and vaginal cancers (Okunade, 2020). Numerous studies have shown that disruption of the vaginal microbiota, particularly a low abundance of Lactobacillus species, is associated with an increased incidence of STIs (Peipert et al., 2008; Van De Wijgert et al., 2009; Gosmann et al., 2017; McClelland et al., 2018). Specific alterations in the vaginal microbiome may serve as early biomarkers for detecting vaginal infections, potentially before symptoms manifest. In practice, a vaginal swab specimen would be collected and processed for DNA extraction followed by NGS to characterise the microbial community. The relative abundance of Lactobacillus species will be compared to that of bacterial species associated with dysbiosis, enabling assessment of microbiome composition and its potential link to increased susceptibility to STIs. Early detection could play a central role in preventing adverse outcomes of STIs, such as pelvic inflammatory disease, infertility, and cancers (Peipert et al., 2008; Van De Wijgert et al., 2009; Gosmann et al., 2017; McClelland et al., 2018). In addition, regular assessments of the vaginal microbiome can help monitor treatment effectiveness and manage recurrent infections by tracking microbial diversity and guiding timely interventions. While metagenomic approaches hold promise for becoming part of routine clinical STI diagnosis, several additional factors must be addressed. These include developing suitable laboratory protocols and standards to prevent contamination and ensure accurate result interpretation, reducing the cost and turnaround time of instrumentation, and establishing effective bioinformatic analysis pipelines (Caruso et al., 2021).

Incorporating microbiome analysis into vaginal infection diagnostics could offer several advantages, including improved pathogen detection, enhanced understanding of disease progression, and the potential to develop personalised treatment plans.





3 Vaginal microbiome diagnostics in gynaecology oncology

Gynaecological cancers account for 14.4% of new cancer diagnoses in women globally (Sung et al., 2021), with cervical cancer being the most prevalent and responsible for approximately 350,000 deaths in 2022 (Cervical cancer). This malignancy is primarily caused by persistent infection with high-risk HPV (Yim and Park, 2005), which is more likely in women with dysbiosis of the vaginal microbiota. This is thought to occur through two mechanisms: first, an overgrowth of microbes that characterise dysbiosis, such as Gardnerella vaginalis, which can promote chronic inflammation and increase the risk of DNA damage (Han et al., 2021). Second, a reduced abundance of Lactobacillus leads to a higher vaginal pH, making the environment more susceptible to HPV infections (Wang et al., 2023). In contrast, women exhibiting a vaginal microbiota characterised by low diversity and a high relative abundance of Lactobacillus species tend to show reduced susceptibility to HPV infection. Therefore, women with a diverse, Lactobacillus-depleted microbiome are at a greater risk for cervical intraepithelial neoplasia (CIN) and the development of cervical cancer (Mitra et al., 2015; Brusselaers et al., 2019; Wei et al., 2022). Conversely, women with a vaginal microbiome dominated by Lactobacillus species are more likely to experience natural regression of CIN without treatment (Mitra et al., 2020).

Arguably the incorporation of HPV testing into cervical screening programmes has been an early example of the role of vaginal microbiota diagnostics in clinical healthcare. To advance this field, recent efforts have focused on employing artificial intelligence (AI) to analyse the vaginal microbiota of women with and without cervical cancer, aiming to reveal the microbial mechanisms involved in cancer development (Sekaran et al., 2023). Understanding these interactions could provide deeper insights into cancer pathogenesis and thereby improve treatment options (Sharifian et al., 2023). Furthermore, integrating self-administered or point-of-care vaginal microbiota diagnostics into cervical screening programmes could offer a more patient-friendly alternative to traditional screening methods. This approach may aid in triaging women for further assessment by healthcare providers and enable timely interventions for dysbiosis, ultimately improving overall cervical cancer health outcomes (Casas et al., 2022).

Emerging research suggests a potential link between the microbiome and endometrial cancer, with persistent inflammation leading to increased activation of inflammatory cytokines and subsequent tumorigenesis at the endometrial level (Aquino et al., 2024). However, the evidence remains limited, and further research is required. Some studies indicate that women with endometrial cancer have a distinct vaginal and endometrial microbiome composition compared to healthy women. For example, an increased abundance of Micrococcus has been associated with endometrial cancer and various other cancers, highlighting this genus as a potential diagnostic target (Richard et al., 2018). In principle, point-of-care diagnostic testing could be developed using Micrococcus as a biomarker, where an increased abundance of this genus in endometrial biopsy samples may serve as an early indicator of endometrial cancer or other malignancies. Current diagnostic methods for endometrial cancer include imaging to detect thickening of the endometrial lining, followed by invasive endometrial sampling. The advent of less invasive diagnostic techniques, such as vaginal microbiome analysis for comprehensive profiling of the microbial communities, could improve the ease and acceptability of diagnostic testing. This approach has the potential to reduce the number of invasive procedures, enhance early cancer detection, and improve patient adherence. Ovarian cancer is the eighth most common cancer among women worldwide and the fourth leading cause of cancer-related deaths in women (Ovarian cancer statistics). Due to nonspecific symptoms, ovarian cancer is often diagnosed at advanced stages, leading to a poorer prognosis. Currently, biomarker cancer antigen 125 is used as a diagnostic tool; however, it lacks specificity, as elevated levels can occur in various conditions such as endometriosis, liver disease, leiomyoma, and pelvic inflammatory disease (The CA125 blood test for ovarian cancer has been re-evaluated). This underscores the need for novel tools for ovarian cancer diagnostics. Although evidence linking altered microbiomes with ovarian cancer is limited, some studies have shown associations between ovarian cancer and elevated levels of Prevotella, Bacteroides, and Proteobacteria, alongside reduced levels of Ruminococcus and Actinobacteria (Jacobson et al., 2021; Choi and Choi, 2024). Notably, Prevotella has also been associated with endometrial and cervical cancer and is linked to a proinflammatory state (Ley, 2016; Li et al., 2021). Given its noninvasive nature, exploring the microbiome as a diagnostic tool offers valuable benefits, including higher patient adherence, lower risk of complications, quicker recovery, increased accessibility, and broader diagnostic reach. However, further research is required to strengthen our knowledge base.




4 Vaginal microbiome diagnostics for polycystic ovary syndrome

Polycystic ovary syndrome (PCOS) is an endocrine disorder affecting up to 20% of reproductive-aged women worldwide and is one of the most prevalent gynaecological disorders. While the pathophysiology of this syndrome has been described, the cause is not well understood; however, recent evidence has associated microbial composition with PCOS. It has been hypothesised that, due to the endocrine cause of PCOS and the involvement of microbes in hormonal regulation, microorganisms may play a potential role in PCOS (Geller et al., 2011). Current literature indicates a greater abundance of particular microbes in PCOS patients compared to healthy controls, including Mycoplasma, Prevotella, Actinomyces, Gardnerella, and Streptococcus species (Sola-Leyva et al., 2023). One study reported that Mycoplasma was the most distinguished genus in PCOS, and the women with a relative abundance of more than 0.02% of Mycoplasma in the vaginal microbiome were at high likelihood of having PCOS, indicating its potential as a biomarker for PCOS screening (Hong et al., 2020). Similarly, Actinomyces species were found to be significantly more abundant in non-Lactobacillus-dominated PCOS patients in comparison to Lactobacillus-dominated healthy patients and have been suggested as a potential biomarker (Pereira et al., 2024). These findings identify potential biomarkers that could be implemented in clinical settings as part of a routine point-of-care test for the diagnosis of PCOS, offering faster results, improved accessibility, and the potential for earlier intervention and personalised treatment in clinical settings. However, additional studies are necessary to validate this association and determine whether the increased abundance of these species is specific to PCOS, thereby supporting their potential use as reliable and clinically significant biomarkers. In addition, it is important to note that there is limited research on this topic, and more well-designed studies are needed. Studies with larger sample sizes, appropriate negative and positive controls, control for key confounders, and proper case–control matching would be crucial (Khan et al., 2010; Ser et al., 2023).




5 Vaginal microbiome diagnostics for endometriosis and adenomyosis



5.1 Endometriosis

Endometriosis is a chronic, oestrogen-dependent gynaecological condition affecting approximately 10% of reproductive-age women (Wessels et al., 2021). Currently, the gold standard for diagnosis is laparoscopy. Researchers have found a bidirectional relationship between the microbiome and the development of endometriosis, indicating that any changes in the host’s microbiome can significantly affect the onset and progression of the condition. This highlights the critical need to explore the connection between the microbiome and endometriosis to allow earlier, more accurate diagnosis and the potential for personalised treatment strategies based on individual microbiome profiles (Ser et al., 2023). A study conducted by Ata et al., sampling 14 women with stage 3/4 endometriosis and 14 healthy controls, noted the complete absence of Gemella and Atopobium species in the endometriosis group (Ata et al., 2019). However, due to the small sample size, further studies must be conducted with larger sample sizes to confirm this finding. Further investigation is needed to better understand the condition and its link to the vaginal microbiome.




5.2 Adenomyosis

Adenomyosis is a benign gynaecological condition commonly found in women of reproductive age, with unclear aetiology. Pathological diagnosis after surgery is the most accurate diagnostic tool; however, imaging with ultrasound and MRI can identify features of adenomyosis. Novel, less invasive diagnostic methods, such as microbiome diagnostics, could have a role and may aid in understanding the condition better. A study conducted by Pan et al. (2024) observed differences in the vaginal microbiome between patients with adenomyosis and healthy individuals. At the phylum level, the relative abundance of Firmicutes in the adenomyosis group was higher than in the control group. At the genus level, the relative abundance of Gardnerella in the adenomyosis group was significantly lower than that of the control group. In a separate study (Kunaseth et al., 2022), vaginal microbiota richness was observed to be significantly higher in the adenomyosis group, with differences in bacterial abundance observed for both groups. Megaspehera, Fastidiosipila, Hungateiclostrsidiaceae, and Clostridia were more frequently found in the vaginal microbiota in the control group. Whereas Alloscardovia, Oscillospirales, Ruminococcaceae, UCG_002, Oscillospiraceae, Enhydrobacter, Megamonas, Moraxellaceae, Subdoligranulum, Selenomonadaceae, and Faecalibacterium in the vaginal microbiota were significantly higher in the adenomyosis group compared to the controls. The observed differences in bacterial abundance between the control and adenomyosis groups highlight the potential of specific microbial species to serve as biomarkers for the condition. Vaginal swab samples can be noninvasively used for DNA extraction and sequencing to detect bacterial signatures associated with adenomyosis, assess an individual’s risk of having adenomyosis, and possibly limit their need for surgery. Further research into the vaginal microbiome and adenomyosis will enhance our understanding of the disease and offer valuable insights for the development of noninvasive diagnostic methods and personalised, precision treatments.





6 Vaginal microbiome diagnostics for fertility

Infertility is clinically defined as the inability to conceive after 12 months of appropriately timed, regular, unprotected sexual intercourse (Khan et al., 2010). In 2023, the WHO estimated that infertility affects approximately 12.6% of the adult population at any given time (World Health Organization, 2021). Recent research has increasingly focused on the role of the female reproductive tract microbiota, particularly the vaginal microbiome, in both baseline fertility and fertility treatment outcomes (Koedooder et al., 2019; Gao et al., 2022; Vitale et al., 2022). This growing interest has spurred the development of commercial microbiota testing services marketed to predict fertility outcomes (EMMA; Endometrial Health; Invivo Healthcare), based on evidence that a more diverse vaginal microbiota and a depletion of Lactobacillus species are linked to reduced baseline fertility (Vitale et al., 2022) and lower success rates in assisted reproductive technologies such as in vitro fertilisation (IVF) (Koedooder et al., 2019). However, efforts to modify an “unfavourable” vaginal microbiota profile during fertility treatment have not consistently resulted in sustained changes (Invivo Healthcare; Budding et al., 2010; Jepsen et al., 2022). Consequently, a 2020 expert consensus from European fertility specialists recommends against routine microbiota testing in asymptomatic women, citing insufficient clinical evidence (García-Velasco et al., 2020). While the knowledge base requires further strengthening, emerging research suggests that monitoring the vaginal microbiome may offer benefits in fertility treatment. Tracking microbiome composition could help healthcare providers identify optimal treatment windows, as the vaginal microbiota is constantly shifting and can naturally move toward a more favourable profile (Budding et al., 2010; Jepsen et al., 2022). Additionally, microbiome assessments might detect subclinical dysbiosis that impacts fertility outcomes, further supporting the development of more personalised treatment plans. Although further clinical trials are needed, microbiome diagnostics hold promise for enhancing fertility treatment strategies through noninvasive, targeted approaches.




7 Vaginal microbiome diagnostics for pregnancy-related complications

Improving maternity care has garnered considerable political interest. In 2015, the UK National Maternity Safety Ambition set a goal to halve the rates of stillbirth, neonatal and maternal death, and brain injuries associated with birth by 2025 (Department of Health, 2016). The association between the vaginal microbiota and preterm birth became an early focus of NGS, as approximately 40% of preterm births are believed to be related to infection, with the anatomical proximity of the vagina to the uterine cavity making it a plausible source of infection (Lamont and Sawant, 2005). In this context, “infection” may involve organisms that are typically commensal in nonpregnant women. Notably, women with “low lactobacilli” vaginal microbiota are considered at higher risk of delivering preterm (Gudnadottir et al., 2022; Huang et al., 2023). Interestingly, the vaginal microbiota is a better predictor of early than late preterm birth; this is concordant with historical work showing the infection is implicated more often in early than late preterm birth (Lamont and Sawant, 2005). This has led to interest in developing a clinically applicable near-patient test for the vaginal microbiota of pregnant women at risk of preterm birth. Direct on-swab metabolic profiling by Desorption Electrospray Ionisation Mass Spectrometry (DESI-MS) is a technique that uses specific metabolome signatures to simultaneously predict both the composition of the vaginal microbiome and host inflammatory status (Pruski et al., 2021). It is hoped that, in the future, such a device may be able to identify women at risk of preterm birth with an abnormal microbiota that is amenable to modification, and which could, in turn, increase their chance of a term birth (Bayar et al., 2023).

Women with preterm prelabour rupture of membranes (PPROM) may benefit from well-developed vaginal microbiota diagnostics (Bennett et al., 2020). Ruptured membranes increase susceptibility to ascending infections from the vagina, which can lead to neonatal sepsis and maternal chorioamnionitis. Delaying birth after membrane rupture, particularly before 34 weeks, improves neonatal outcomes by allowing greater foetal maturity. Women with PPROM fall into two groups: those with a lactobacilli-dominant vaginal microbiota before and shortly after PPROM, and those with pre-existing dysbiosis before PPROM (Brown et al., 2019). Prophylactic antibiotics are typically administered after PPROM (erythromycin in UK practice) (Thomson, 2019). In a small observational study, women with PPROM and a lactobacilli-dominant microbiota who received erythromycin experienced alterations in their microbiota, notably depletion of lactobacilli. This depletion was associated with early-onset neonatal sepsis (Brown et al., 2018). Conversely, women with lactobacilli-depleted microbiota of PPROM may have benefited from erythromycin, as it reduced microbial richness and diversity, which was linked to a lower risk of chorioamnionitis. Future use of vaginal microbiota diagnostics could support the characterisation of the vaginal microbiota at the time of PPROM to guide whether prophylactic antibiotics are administered, or not, and thereby either maintain a lactobacilli dominant vaginal microbiota, or alter lactobacilli-depleted microbiota, and in turn reduce chorioamnionitis and neonatal sepsis.

A reduction in vaginal lactobacilli species has been observed in women who later experience first-trimester miscarriage (Al-Memar et al., 2020; Shahid et al., 2022), suggesting that vaginal microbiota diagnostics could help identify a modifiable risk factor. In contrast, associations between vaginal microbiota and other major obstetric syndromes, such as preeclampsia, growth restriction, and stillbirth, are less well established, with research on the role of microbiota diagnostics in these conditions still in its infancy (Ishimwe, 2021; Baud et al., 2023; Holliday et al., 2023). While further research is required, these observations suggest that vaginal microbiome analysis could serve as a valuable adjunct to enhance pregnancy outcomes by identifying at-risk individuals and offering targeted treatments. Furthermore, integrating microbiome profiles into existing pregnancy risk prediction models could prove to be a beneficial addition (Saadaoui et al., 2023). This approach may facilitate timely interventions and preventive strategies, ultimately contributing to improved maternal and foetal health outcomes (Peelen et al., 2019).




8 Vaginal microbiome diagnostics and genitourinary syndrome of menopause

At this time, women will be spending 40% of their lives in the postmenopausal state, with 50%–70% of postmenopausal women reporting symptomatic genitourinary syndrome of menopause (GSM) (Da Silva et al., 2021). GSM is the accepted term used to describe the broad range of signs and symptoms affecting the genitourinary tract, which occur due to the loss of endogenous sex steroids associated with menopause (Portman et al., 2014). It has been observed that, in postmenopausal women, there is a decrease in Lactobacillus species and a higher abundance of genera including Anaerococcus, Peptoniphilus, and Prevotella, which could play a role in the clinical presentation of GSM (Gliniewicz et al., 2019). Consequently, a microbiome-based diagnostic test that monitors the abundance of Anaerococcus, Peptoniphilus, and Prevotella species may offer valuable insights into the pathogenesis and progression of GSM. A Lactobacillus-dominant vaginal microbiome is vital in maintaining an acidic pH and protecting against bacterial pathogens (Taithongchai et al., 2024). Postmenopausal women are noted to have high vaginal pH, which results in the loss of local vaginal defences against harmful microorganisms, predisposing them to infections such as urinary tract infections (UTIs) (Harding et al., 2024). The prevalence of UTIs is 20% in women over 65, compared with 11% in the general population (Chu and Lowder, 2018). While more studies are starting to emerge, there remains a lack of knowledge about the composition of the vaginal microbiota across the stages of menopausal transition, its interactions with hormones such as oestrogen, and its associations with infections. Evaluating changes in the vaginal microbiota across a woman’s lifespan can provide valuable insight for healthcare providers to help better understand menopausal wellness and its associated morbidities.




9 Enabling implementation of microbiome analysis in diagnostics

While the need for improved understanding of how the vaginal microbiome has an impact on women-specific issues such as infertility or gynaecological cancers, a major hurdle in covering this knowledge gap is the variability in microbiome data across studies, as well as the insufficient research in women’s health. This observed variability results from both the clinical trial design and the methodologies used. Current methods used to study the composition of the microbiome introduce biases at different steps of analysis; therefore, the adoption of vaginal microbiome-specific reference reagents (RRs) is essential to enhance the reproducibility and comparability of research findings across studies worldwide. This effort has been initiated by the Medicines and Healthcare Products Regulatory Agency (MHRA) with the development of the WHO gut microbiome-specific International RRs, while WHO-endorsed vaginal-specific microbiome RRs which will support the development, optimisation, and implementation of vaginal microbiome diagnostics and the harmonisation and reproducibility of clinical studies (Sergaki et al., 2022; Anwar et al., 2023). Furthermore, to progress in the field of vaginal microbiome diagnosis, we need to strengthen the knowledge base on the factors associated with changes to the microbiome and ensure that all relevant variables are appropriately captured in clinical studies. Numerous factors, such as age, hormone status (menstrual cycle, birth control pills, menopause, pregnancy), infections, and sexual behaviours, play a significant role in the variability of the vaginal microbiome and the clinical trial observations (White et al., 2011; Huang et al., 2014). A robust clinical trial design with comprehensive metadata will allow for a deeper understanding of how these factors influence the vaginal microbiome and will help to identify the necessary considerations for ensuring an accurate diagnosis.




10 Bringing vaginal microbiome diagnostics into clinical use

The lack of precision in current diagnostic tools for women’s health remains a significant obstacle to timely detection, resulting in delayed diagnoses and suboptimal treatment outcomes. To bridge this gap, a shift is needed to prioritise gender-specific research, refine diagnostic methodologies, and enhance clinician training. The vaginal microbiome represents a promising area in women’s health diagnostics, offering potential biomarkers that could revolutionise early detection and intervention. While further research is needed to strengthen the links between alterations in the vaginal microbiome and specific conditions, as discussed previously, several studies have already demonstrated the clinical value of microbiome-based diagnostics. For example, cervicovaginal fluid (CVF) samples from pregnant women have been analysed to identify bacterial markers predictive of preterm birth, with the potential to develop models that predict preterm birth when integrated with clinical data (Park et al., 2021; Park et al., 2022). The success of HPV vaccination and screening programmes in preventing cervical cancer exemplifies the critical role of pursuing biomarker-driven diagnostics in public health, allowing health concerns to be identified at their earliest stages when treatment can be most effective, and lead to better patient outcomes. To advance this effort, we must address the persistent underrepresentation of women in clinical trials and ensure that ongoing research includes sufficiently large sample sizes. This is crucial for uncovering novel biomarkers and therapeutic targets within the vaginal microbiome, allowing for more effective diagnostic tools and personalised treatments. The incorporation of microbiome diagnostics into clinical workflows represents a critical advancement in women’s health, offering the potential to enhance existing diagnostic tools and support the development of novel POCT strategies. Traditional diagnostic methods, such as Amsel’s criteria or Nugent scoring, commonly used to diagnose BV, are often limited by subjectivity and variability. In contrast, emerging molecular-based assays offer a more accurate and comprehensive analysis of the vaginal microbiota. These approaches provide greater insight into the microbial community, enabling more precise identification of dysbiosis and associated reproductive health risks. To ensure the successful clinical application of microbiome-based diagnostics, rigorous clinical trials must validate microbiome diagnostics and, along with appropriate standardisation, strengthen the knowledge and evidence base for their use in clinical settings, ensuring regulatory compliance of such approaches and optimising their integration into clinical workflows to enhance women’s reproductive health and quality of life.




11 Conclusions

While women’s health, and particularly the vaginal microbiome, are under-researched, the potential of vaginal microbiome diagnostics in improving women’s health is substantial, offering a promising avenue for personalised healthcare through noninvasive, patient-friendly, and POCT options (Figure 1). The future of vaginal microbiome health in clinical practice will leverage emerging technologies for more precise and personalised diagnosis and treatment. As understanding of the vaginal microbiome deepens, treatments tailored to an individual’s unique microbiome profile provide a potential avenue for the development of innovative treatments. Emerging evidence suggests that specific bacterial species may be associated with distinct disease states. However, the lack of standardisation currently limits our ability to reliably identify consistent microbial associations across studies. To advance the diagnostic potential of vaginal microbiome profiling, it is crucial to conduct further research focusing on standardised and optimised protocols to improve data comparability, enhance reproducibility, and support the development of a robust, disease-specific microbial biomarker database. By accurately analysing the composition and diversity of the vaginal microbiome, these diagnostics can enable early detection of conditions such as BV, STIs, and more complex issues such as pre-term birth, infertility and gynaecological cancers. There is a critical need to accelerate the development of improved techniques for providing accurate and early diagnoses of conditions affecting women’s health. The implementation of vaginal microbiome diagnostics into clinical practice holds the potential to transform women’s health, providing more precise, early, effective, and personalised care.

[image: Opportunities in vaginal microbiome diagnostics aim to improve women's health by enhancing detection and treatment of conditions like vaginal infections, gynecology oncology, endometriosis, pregnancy complications, fertility, polycystic ovary syndrome, and menopause. Emphasis is placed on personalized and less-invasive methods. Current study methods may introduce biases, and adopting microbiome-specific reference reagents is seen as crucial for innovation and improved data comparability.]
Figure 1 | Potential of vaginal microbiome diagnostics in advancing women’s health (The icons on the right were obtained using freely available resources from Freepik, and the image on the left was generated with ChatGPT 4.0).
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Current methods for studying the microbiome introduce biases, making the adoption on microbiome-specific
reference reagents crucial to enable innovation by identifying gaps, bringing confidence to microbiome data and
improving reproducibility and comparability across studies.
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