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Introduction: A healthy vaginal microbiota is represented mainly by Lactobacillus spp. and plays a vital role in maintaining the functional balance in the vaginal environment. Scientists have drawn attention to possible correlations between the vaginal microbiome and gynecological neoplasms. Several recent studies have shown a potential link between the vaginal microbiome and the risk of developing cervical cancer from human papillomavirus (HPV) infection. This study aimed to compare the prevalence and abundance of various lactic acid bacteria species (LABs) in vaginal swabs from healthy controls and patients with abnormal Pap smear results.

Methods: The study included 100 women (79 patients with abnormal cervical Pap smear results and 21 controls) from whom vaginal swabs were collected. Real-time quantitative PCR was used to determine seven lactic acid bacteria (LAB) species and their quantities.

Results: Most patients were colonized by two Lactobacillus species, primarily Lactobacillus gasseri (93%) and L. crispatus (83%). Patient age and place of residence were associated with the diversity of LAB in the vaginal microbiota. The abundance of L. delbrueckii in the vaginal microbiota increased, whereas the abundance of L. gasseri abundance decreased, with patient age. Lactobacillus acidophilus and Limosilactobacillus fermentum were significantly more often detected in patients living in rural versus urban areas. Statistical analysis did not show any significant differences in LAB between groups of patients with various changes on smear tests.

Discussion: The degree of dysplastic changes in the endothelium or the presence of a group of atypical cervical stratified epithelial cells was not associated with significant changes in the studied vaginal bacteria.
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1. Introduction

Bacteria, viruses, archaea, yeast, and fungi form the human microbiome (Marchesi and Ravel, 2015; Sender et al., 2016; Requena and Velasco, 2021), which colonizes the skin, genitourinary system, oral cavity, and intestinal tract. The human microbiota establishes a symbiotic relationship with the host and plays a vital role in maintaining the host’s physiological homeostasis (Dominguez-Bello et al., 2019). The composition of the microbiota differs depending on the site of microbial colonization. A healthy vaginal microbiota is represented mainly by Lactobacillus spp. including L. crispatus, L. jensenii, L. gasseri, and L. iners (Requena and Velasco, 2021), whereas Prevotella, Gardnerella, Atopobium, Sneathia, Bifidobacterium, Megasphaera, and Anaerococcus are associated with vaginosis (Moreno and Simon, 2018). The microbiota plays a vital role in maintaining functional balance in the vaginal environment and in preventing colonization by pathogens and the overgrowth of commensal microorganisms. Lactobacillus spp. stabilize the vaginal microbiota by producing antimicrobial components such as hydrogen peroxide, lactic acid, and bacteriocin-like compounds. The ability to adhere and compete with other harmful microorganisms is also crucial (Borges et al., 2014; Tachedjian et al., 2017). In most areas of the human body, a highly species-diverse microbiome is a sign of health (Turnbaugh et al., 2007; Flores et al., 2014). However, for the female reproductive system, a healthy state is more often associated with low microbial diversity and the dominance of one or more Lactobacillus species (Ravel et al., 2011; Liu et al., 2013; MacIntyre et al., 2015). An increasing number of publications indicate a correlation between disturbances of the vaginal microbiota, bacterial vaginosis, and the development of fungal, bacterial, and viral infections (Marchesi and Ravel, 2015; Mitra et al., 2016; Sender et al., 2016; Requena and Velasco, 2021). Some studies have demonstrated a correlation between bacterial vaginosis and increased persistence of human papillomavirus (HPV) infections as well as the development of cervical intraepithelial neoplasia (Gillet et al., 2011; King et al., 2011; Gillet et al., 2012; Guo et al., 2012; Champer et al., 2018). Women with persistent HPV infections have a more species-diverse microbiome, rich in L. gasseri and Gardnerella vaginalis and at the same time with a low abundance of Lactobacilli (Gao et al., 2013; Lee et al., 2013). The rate of resolution of HPV infection and development cervical cancer might also depend on the composition of the vaginal microbiome (Brotman et al., 2014). Apart from vaginal microbiota, also cervical microbiome is important for female’s health. Higher cervical species diversity has been demonstrated in severer cervical intraepithelial neoplasia of reproductive-age women (Wu et al., 2021). More complex composition of cervical microbiota which tends to progress with the aggravation of lesions as well as the prevalence of anaerobic bacteria were found in women with cervical pathology. Disturbed cervical microbial community is associated with cervical intraepithelial neoplasia and cervical cancer (Wang et al., 2022). Lower relative abundance of Lactobacillus as well as presence of Porphyromonas, Prevotella and Campylobacter and Sneathia have been suggested to promote the development of cervical pathology.

Cervical cancer is the fourth most common cancer in the world in terms of both incidence and mortality. In 2018, nearly 570,000 new patients were diagnosed globally, and 311,000 women died from cervical cancer (Arbyn et al., 2020). This cancer can be prevented through early diagnosis and treatment of precancerous states, but it remains the most common cancer in most low and middle-income countries (Arbyn et al., 2020). This study aimed to compare the distribution of 7 various vaginal Lactobacillus spp. between Polish women with abnormal Pap smear results (study group) and healthy individuals (control group) based on quantitative analysis of bacteria in vaginal swabs. We also assessed correlations between the vaginal microbiota and patient age, place of residence (urban vs. rural), HPV status, menopausal status, and history of vaginal infection within the past 3 months.



2. Materials and methods


2.1. Participants

The study included 100 patients (aged 18–72 years) from Ist Department of Gynecological Oncology and Gynecology, Medical University in Lublin, Poland. Inclusion criteria were admission to Gynecology Department and expressed willingness to participate in the project. Exclusion criteria were lack of consent, undergoing surgical procedures in the lower genital area, age below 18, inability to collect accurate data for the project. Patients with abnormal Pap smear results were included in the study group, and healthy individuals were used as a control group. TBS system, which provides a uniform format and standardized lexicon for cervical/vaginal cytology reports was used to classify abnormal Pap smears (Chatterjee et al., 2000). Vaginal swabs were collected from all study participants from October 2014 to November 2017. Considering the size of women population aged 18–72 years in Poland is approximately 9.5 mLn, the margin of error of the measured value at the 95% confidence interval is ±6% when tested 100 women.

This study was approved by the Bioethics Committee of Medical University in Lublin KE – 0254/174/2014 and was conducted in accordance with the fundamental ethical principles described in the Declaration of Helsinki (World Medical Association, 2013). All participants signed informed consent to participate in this study.



2.2. Vaginal swabs for genetic testing

Vaginal swabs were collected from patients using sterile silicone brushes (Genomic Micro AX Swab Gravity Plus kit, A&A Biotechnology). Swabs were placed in 1.5 ml tubes with 700 μL Spheroid Lysis Buffer (SLB) (A&A Biotechnology). All specimens were stored in ultralow freezer at -80°C until further analyses. DNA isolation was performed within 6 months from the date of swab collection. The extraction resulted in high-quality DNA that is free of inhibitors for reproducible results.



2.3. Real-time quantitative PCR

Real-time quantitative PCR was performed on 100 samples of DNA isolated from vaginal swabs from 79 patients with abnormalities in the smear test (50 patients with low-grade and 29 patients with high-grade epithelial lesions) and 21 healthy patients (control group) using LightCycler 96 (Roche). The quantitative analysis included seven Lactobacillus species (Lactobacillus acidophilus, Lactobacillus crispatus, Lactobacillus delbrueckii, Limosilactobacillus fermentum, Lactobacillus gasseri, Lactiplantibacillus plantarum, and Lacticaseibacillus rhamnosus). The quality control (QC) of the implementation procedure included IC (internal control) with amplification for the IC within normal limits, HC (high copy) control, LC (low copy) control, a normal control (NC) with amplification for IPC, and NTC (no template control) with no amplification. Standards, positive controls, and negative controls were performed in triplicate for each analysis. The primers (Genomed, Warsaw, Poland) presented in Table 1 were used for the detection and quantification of the seven LAB species.



TABLE 1 Sequences of primers used in real-time PCR reactions.
[image: Table1]



2.4. Statistical analysis

The Shapiro–Wilk test was used to check the normality of the data distribution. The verification of statistical hypotheses was based on non-parametric tests. The non-parametric Mann–Whitney test was used to compare the two groups (study and control). The non-parametric Kruskal-Wallis test was used to compare more than two groups (if this test showed a statistically significant difference between the groups, the post-hoc test was used for further comparisons). Spearman’s rank correlation coefficients were calculated to analyze the coexistence of various bacterial species. The Pearson Chi-square test and Fisher’s exact test were used to evaluate the relationship between two qualitative features. STATISTICA 13.1 was used to perform statistical analyses. A p value of <0.05 was considered statistically significant.




3. Results


3.1. Clinical background of the study subjects

In our study, most females were premenopausal. Over 50% of study participants have not been tested for HPV infection and none of them have been vaccinated against it. Vulvovaginitis within lat 3 months was reported in 28% of enrolled females. The results of smear test were normal in 21% of participants, ASC-US was found in 24%, ASC-H in 11%, LSIL in 26% and HSIL in 18% of females. The demographic and clinical data of participants are summarized in Table 2. The vaginal microbiota of most participants (55%) was dominated by two of the seven LABs investigated. Three species were observed in 17% of the examined participants, four in 11%, and five in 3% of participants. In 2% of patients, none of the studied LABs was found. Two LABs tested were detected in 53.16% of the vaginal swabs collected from patients with abnormal Pap smear results (study group) and in 61.91% of individuals from the control group (Figure 1).



TABLE 2 Demographic and clinical data of the enrolled participants.
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FIGURE 1
 Number of analyzed LAB species in study participants.




3.2. Associations between clinical findings and Lactobacilli

There were no statistically significant differences in identified LAB species between groups of patients with normal Pap smear results and those with ASC-US, ASC-H, LSIL, and HSIL (p > 0.05). In general, L. gasseri and L. crispatus were the most common LAB species detected in all enrolled patients (Table 3). L. gasseri and L. crispatus were also most detected in patients with ASC-US, ASC-H, LSIL, and HSIL. The occurrence of LAB species in participants with various Pap smear results is summarized in Table 3.



TABLE 3 Prevalence of LAB species detected in enrolled participants in relation to cervical Pap smear result.
[image: Table3]

The quantitative real-time PCR analysis also demonstrated the numbers of L. crispatus and L. gasseri cells were the highest. Statistical analysis did not show any significant differences in the number of cells of each species between the studied subgroups of patients (Figure 2). What’s interesting, L. acidophilus was observed only in patients with HSIL and normal smear, while L. plantarum in women with ASC-US, LSIL and normal smear.

[image: Figure 2]

FIGURE 2
 Comparison of the average number of LAB bacterial cells detected by real-time PCR from vaginal swabs in relation to cervical Pap smear result. SD, standard deviation; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells, cannot exclude a high-grade squamous intraepithelial lesion.


Moreover, analysis of the species distribution in different age groups showed that the abundance of L. delbrueckii significantly increased, whereas that of L. gasseri decreased, with age (Table 4). Statistical analysis of L. gasseri in three age groups also showed a statistically significantly higher abundance of this bacterium in swabs taken from patients aged 18–29 years (p = 0.0046). L. delbrueckii was significantly more abundant in swabs obtained from the oldest group of patients (47–72 years) (p = 0.057).



TABLE 4 Analysis of LAB species distribution according to participant age.
[image: Table4]

Lactobacillus acidophilus (6.1%) and L. fermentum (18.2%) were found significantly more frequent among women living in rural areas than among those living in urban areas (L. acidophilus 0%, L. fermentum 4.5%) (Table 5). Also, the abundance of L. acidophilus cells (range 0–5.7×106 vs. 0, p = 0.044) and L. fermentum cells (range 0–7.2×107 vs. 0) was higher in women living in rural areas than in those living in urban areas (0–1.6×106, p = 0.029).



TABLE 5 LAB species distribution according to participant place of residence.
[image: Table5]

There were no statistically significant differences in the vaginal microbiota in patients HPV positive (23 patients) and without HPV infection (23 patients), in those with and without vaginitis within the last 3 months, and between premenopausal and post-menopausal participants (Table 6).



TABLE 6 Occurrence of LAB species in patients by HPV, vaginitis, and menopausal status.
[image: Table6]



3.3. Correlations between different Lactobacilli species

In patients with abnormal cervical Pap smear result significant positive correlations were identified for L. delbrueckii and L. gasseri (r = 0.79, p = 0.048), and negative correlation between L. fermentum and L. plantarum (r = −0.79, p = 0.048). In healthy control group, significant correlation between L. delbrueckii and L. rhamnosus (r = 0.59, p = 0.005) and L. pantarum and L. fermentum (r = 0.72, p = 0.0002) was detected indicating the coexistence of these species (Figure 3).

[image: Figure 3]

FIGURE 3
 Correlations indicating the co-occurrence of individual LAB species in patients with abnormal cervical Pap smear result (A) and healthy control (B).





4. Discussion

The vaginal microbiome plays a vital role in keeping the female reproductive system healthy. Bacterial vaginosis is a state in which the natural balance of bacteria in the vagina is disturbed, which has been linked to a wide variety of health problems, including a higher risk of sexually transmitted diseases, cystitis, postoperative complications, infertility, miscarriages, premature births, intrauterine infections, cervical and uterus infections, dysplasia, and cervical cancer. Also, cervical microbiota is crucial since the cervix is the place of infections caused by pathogens such as human immunodeficiency virus (HIV) and HPV, Chlamydia trachomatis, or Neisseria gonorrhoeae.

In our present study, vaginal microbiota of most participants in both groups was dominated by two of the seven LABs investigated. Three species were observed in 17% of the examined participants, four in 11%, and five in 3% of participants. This study revealed the presence of LAB belonging to seven species (L. acidophilus, L. crispatus, L. delbrueckii, L. fermentum., L. gasseri, L. plantarum, and L. rhamnosus) in the material from vaginal swabs, with L. gasseri being most frequently detected, and L. crispatus being most abundant one. The dominance of Lactobacillus crispatus and L. gasseri is observed in community state types (CST) I and II group, respectively (Ravel et al., 2011). The presence of L. gasseri was suggested to be associated with rapid clearance of acute HPV infection (Brotman et al., 2014). It has to be noted that HPV infection itself was demonstrated to modify the mucosal metabolism and host immunity, thus promoting changes in the vaginal microbiota (Scott et al., 1999). The results of studies indicate that Lactobacillus species are capable of adhering tightly to the vaginal epithelium, covering its surface, thus protecting the vagina from colonization by pathogenic microorganisms (Petricevic et al., 2014; Mitra et al., 2016). The presence of microbiome dominated by Lactobacilli is related with well-balanced immune-tolerant vaginal microenvironment (Donnarumma et al., 2014). However, it was observed that not all the species equally contributed.

Lactobacillus gasseri was the most frequently detected species in our study, whereas L. crispatus was the most abundant one. Similar results were obtained by De Backer et al. (2007), who examined 71 vaginal swabs collected from Belgian women. They demonstrated that, among four Lactobacillus species (L. crispatus, L. iners, L. jensenii, and L. gasseri), L. crispatus was the most common (detected in 93% of the samples); L. iners was detected in 75% of swabs, L. gasseri in 73%, and L. jensenii in 46%. In another study, L. crispatus was the most abundant Lactobacillus species in the samples collected from healthy women and from women with bacterial vaginosis (Zozaya-Hinchliffe et al., 2010). In the vaginal and cervical swabs of 96 women from Florida, L. iners (55%), L. crispatus (29%), L. gasseri (13%), and L. jensenii (13%) were the most common species. In another American study, L. iners was the most abundant species in healthy women and in those with bacterial vaginosis (Pavlova et al., 2002). A meta-analysis by Norenhag et al. (2020) showed that Lactobacillus in the vaginal microbiome of 55% of HPV-positive and 38% of HPV-negative women was sparse. However, in 44% of HPV-positive and 58% of HPV-negative women, the vaginal microbiome was rich in L. crispatus and L. iners.

In this study, we failed to observe statistically significant differences between groups of patients with normal Pap smear results and those with ASC-US, ASC-H, LSIL, and HSIL. The number of cells of a given bacteria appears to be of higher importance than the presence itself. In our study, quantitative analysis demonstrated the highest abundance of L. crispatus and L. gasseri cells. However, again we failed to show any significant differences in cells number of each species between the studied subgroups of patients. No statistically significant differences in the vaginal microbiota in HPV positive and HPV negative patients, in those with and without vaginitis within the last 3 months, and between premenopausal and post-menopausal participants were observed. In contrast, a study among African women showed that a cervical microbiota dominated by Lactobacillus spp. (L. crispatus, L. inners) was associated with a lower incidence of HIV, herpes simplex virus 2 (HSV-2), and high-risk HPV strains (Borgdorff et al., 2014). The abundance of L. gasseri and L. iners in the vagina has been associated with the rapid resolution of HPV infection. By contrast, low levels of Lactobacillus spp. and high levels of Atopobium spp. have been associated with slower resolution of HPV infection (Gao et al., 2013; Lee et al., 2013; Brotman et al., 2014). Vaginal infections with C. trachomatis have also been suggested to enhance women’s susceptibility to HPV infections via altering the composition of the vaginal microbiota (Silva et al., 2014). Several studies have focused on the correlation between the vaginal microbiome and cervical dysplasia. Overall, a vaginal microbiome rich in L. crispatus occurs in a healthy state (Oh et al., 2015; Audirac-Chalifour et al., 2016; Seo et al., 2016), whereas L. iners seems to be related to cervical cancer either alone or associated with HPV infection (Oh et al., 2015; Piyathilake et al., 2016; Seo et al., 2016). However, another study showed the opposite relationship, with L. iners associated with a reduced risk of cervical intraepithelial neoplasia and cervical cancer (Audirac-Chalifour et al., 2016). Other Lactobacillus species have also shown differing associations with cervical dysplasia (Mitra et al., 2015; Piyathilake et al., 2016).

In this study, we observed a strong positive correlation between L. delbrueckii and L. gasseri as well as negative correlation between L. fermentum and L. plantarum in patients with abnormal cervical Pap smear. In turn, in healthy control group, the presence of L. delbrueckii correlated with L. rhamnosus as well as between L. pantarum and L. fermentum. We did not observe correlation between L. crispatus and any other species. Similary, Gajer et al. (2012) reported that this bacteria is rarely coexisting with other bacterial species since it is either strongly dominant, or absent. Moreover, it was suggested that L. crispatus is associated with protection from pathogens and is the least likely to transition into CST IV. Women with such microbiota are less likely to become infected with Herpes simplex virus (HSV)-2 and HIV, as well HPV (Borgdorff et al., 2014). Vaginal microbial communities exist in a state of dynamic equilibrium which provides resilience (Ravel et al., 2011). The coexistence of various Lactobacillus species in the vaginal milieu enables the maintenance of homeostatic stage. Bacteria show different pH preference, growth patterns and lactic acid production capability (Mehta et al., 2020). The coexistence preferences have been shown to play a key role in the modulation of bacterial taxa composition in the vaginal ecosystem (Verstraelen et al., 2009).

In our study, L. acidophilus was observed only in patients with HSIL and normal smear, while L. plantarum in women with ASC-US, LSIL and normal smear. Similarly, Kwasniewski et al. (2018) observed the prevalence of Lactobacillus acidophilus, but also Lactobacillus iners and Lactobacillus crispatus in women diagnosed with HSIL. Moreover, in their study Lactobacillus acidophilus and Lactobacillus iners were predominant in CST diagnosed with LSIL HPV(+), while Lactobacillus crispatus was absent in smears.

Moreover, in our study, the analysis of the species distribution in different age groups showed that the abundance of L. delbrueckii significantly increased, whereas that of L. gasseri decreased, with age. L. acidophilus and L. fermentum were significantly more prevalent and the number of their cells were much higher among women living in rural areas compared with those living in urban areas.

Apart from the area of residence, the composition of the vaginal microbiota differs between various races. The composition of vaginal microbiome differs between women in different geographic regions therefore, the comparison of results obtained in studies of various ethnic groups show discrepancies. Studies have shown that the variety of Lactobacillus species in the vagina is limited to three to seven species and strictly depends on the population of the studied women (Pavlova et al., 2002; Jin et al., 2007). Studies of Polish women indicated that their vaginal regions are most frequently colonized by three species of Lactobacillus (Pytka et al., 2019), with L. crispatus, L. gasseri, and L. jensenii being the most frequent. However, vaginal microbiota of Swedish healthy women is dominated in 78% by single LAB species. The most prevalent are: L. crispatus, L. gasseri, L. iners and L. jensenii (Vasquez et al., 2002). All isolated vaginal Lactobacillus strains identified in German women belonged to three species: Lactobacillus crispatus (56%), Lactobacillus jensenii (26%), and Lactobacillus gasseri (18%) (Hütt et al., 2016). Researchers from Turkey obtained similar results. They reported that, among 56 identified species 32% belonged to L. crispatus, 30% to L. gasseri, and 13.8% to L. jensenii (Eryilmaz et al., 2018). In an Italian study, 261 vaginal Lactobacillus species were detected, with L. gasseri (28%), L. salivarius (20%), L. crispatus (18%), L. helveticus (13%), L. fermentum (10%), and L. rhamnosus (10%) being the most common (Pino et al., 2019). The prevalence of L. crispatus and L. iners in vaginal was found to be lower in German females (42.4%), Indonesian population (45.0%), Kenyan women (34.4%) and Afro-Caribbean women (26.1%) compared to African American women (91.8%) (Roachford et al., 2022). Similarly, Ravel et al. (2011) observed that vaginal bacterial communities in North American women representing four ethnic groups (white, black, Hispanic, and Asian) were dominated by species of Lactobacillus. Lactobacillus groups I, II, III, and V were identified in 80.2 and 89.7% of Asian and white women, respectively, however, in only 59.6 and 61.9% of Hispanic and black women, respectively. Moreover, it was revealed that community group IV (diverse group) was overrepresented in Hispanic (34.3%) and black (38.9%) women in comparison to Asian (17.6%) and white (9.3%) women which suggest that such vaginal bacterial communities appear normal in black and Hispanic women (Ravel et al., 2011). The higher prevalence of communities not dominated by Lactobacillus sp. (cluster IV) in Hispanic and black females could be associated with differences in vaginal pH (5.0 ± 0.59 in Hispanic) and (pH 4.7 ± 1.04 in black females) in comparison to Asian (pH 4.4 ± 0.59) and white (pH 4.2 ± 0.3) women. Therefore, it appears that vaginal microbiome can change under factors such as glycogen content in epithelial cells, pH, hormone levels, damage caused by sexual intercourse, type of contraception, age, and antibiotic therapy (Valenta, 2005). As commonly known, the v environment is acidic at a pH of 4–4.5. 93 species of the genus Lactobacillus producing lactic acid are responsible for creating such conditions, which hinder colonization by pathogens. Nevertheless, after menopause, when estrogen levels decrease, the vaginal microbiome changes, species diversity increases, and Lactobacillus spp. co-exist with other species. As a result, vaginal pH and susceptibility to vaginal infections increase (Miller et al., 2016).

This study also shows that HPV infection is not recognized by many females as important risk factor for cervical cancer. Only less than 50% of women in this study have ever been tested for HPV, and none of them have been vaccinated against it. Persistent oncogenic HPV infections are essential for cervical oncogenesis. Studies indicate the involvement of the vaginal microbiota in the persistence or resolution of HPV infection. In a study on twins, Lee et al. (2013) showed that, when one of the twins is HPV-positive, there is a significant change in the vaginal microbiota, an increase in species diversity, and a decrease in the number of Lactobacillus spp. bacterial cells, compared with the healthy twin. Mitra et al. (2016) showed that the increasing diversity of the vaginal microbiome and the decreasing number of Lactobacillus cells are associated with the progression of cervical pathological changes.

The study was limited by the random selection of the study population and the limited possibility of extrapolating the results to the general population. We also did not include patients after HPV vaccination, which is not a very popular vaccination in women over 18 years of age in Poland. Further research is needed, particularly to determine the composition of the vaginal microbiota in women who have been vaccinated against HPV. Next limitation could be the use the assay based on qPCR amplification of a species-specific genetic region of the relevant microbe. Then, some species reported in other studies carried out with the use of next generation sequencing technique were not detected, i.e., L. iners or L. jensenii. Although the study has limitations, the results have the potential to be implemented in practice. There are increasing numbers of reports that vaginal application of certain dietary supplements can affect the vaginal microbiome in patients with abnormal cytology, resulting in regression of abnormal cytology and a return to normal cytology. This could be related to the influence of the vaginal microbiome bacteria on HPV or due to another mechanism. Determining the exact composition of the vaginal microbiome of healthy women in Poland might influence the use of this knowledge in the production of these preparations.



5. Conclusion

The data obtained in this study suggest that two Lactobacillus species (L. gasseri and L. crispatus) were predominant in the vaginal microbiota of the studied population of Polish women, regardless of smear test results. In this study, patient age and place of residence were associated with the diversity of Lactobacillus spp. in the vaginal microbiota. The abundance of L. delbrueckii in the vaginal microbiota increased, whereas that of L. gasseri decreased, with age. L. acidophilus and L. fermentum were significantly more frequently detected in women living in rural versus urban areas. The degree of dysplastic changes in the endothelium or the presence of a group of atypical cervical stratified epithelial cells was not associated with significant changes in the studied vaginal bacteria. A similar lack of significant differences in the qualitative and quantitative composition of the vaginal microbiota was also observed when analyzing associations with menopausal status, HPV infection, or vaginitis within 3 months before the study.
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