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Abstract
The vaginal microbiota is a critical component of female reproductive and urogenital health, 
predominantly maintained by Lactobacillus species. These bacteria play a vital role in sustaining a low 
vaginal pH by producing lactic acid and antimicrobial substances, providing natural defense against 
pathogenic colonization. The hormonal alterations linked to menopause, especially the reduction in 
oestrogen levels, significantly influence the composition and stability of the vaginal microbiome, making 
women vulnerable to infections and inflammation. This investigation sought to assess and contrast the 
vaginal microbiome composition in women before and after menopause. Using Gram-stain microscopy, 
conventional culture methods, and molecular techniques, specifically Polymerase Chain Reaction 
(PCR) and quantitative real-time PCR (qPCR), to assess Lactobacillus abundance and the prevalence of 
pathogenic bacteria. A comparative cross-sectional study was conducted by comparing two groups of 
women: 40 premenopausal and 40 postmenopausal, for a total of 80 participants. Vaginal swabs were 
collected and subjected to Gram staining, culture on selective media for Candida spp., and PCR/qPCR 
analysis to detect and quantify key bacterial species, including Lactobacillus spp., Gardnerella vaginalis, 
and Atopobium vaginae. SPSS Version 25 was employed for conducting. The statistical analysis yielded 
data viewed significant at p < 0.05. Microscopic observation revealed that 85% of premenopausal 
women had Nugent scores indicating a healthy Lactobacillus-dominated microbiota, while only 35% 
of postmenopausal women showed similar results. PCR and qPCR analyses demonstrated a significant 
reduction in Lactobacillus spp. in postmenopausal women, with Lactobacillus crispatus copy numbers 
declining from 4.5 × 10¹¹ to 1.2 × 10¹¹ copies/mL. Conversely, pathogenic bacteria such as Gardnerella 
vaginalis and Prevotella spp. increased significantly in postmenopausal women. Additionally, Candida 
spp. colonization was high in the postmenopausal group (15%) compare to the premenopausal group 
(5%). The findings confirm a significant shift in vaginal microbiota composition due to menopausal 
hormonal changes. The depletion of Lactobacillus spp. and the concurrent rise in pathogenic bacteria 
in postmenopausal women underscore the need for targeted interventions, such as probiotic therapies 
or hormone replacement treatments, to restore microbial balance and reduce infection risks.
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INTRODUCTION

	 The human vaginal microbiome is 
essential for preserving women’s reproductive 
and general urogenital health. A healthy vaginal 
environment is primarily defined by the prevalence 
of Lactobacillus species, especially L. crispatus, L. 
gasseri, L. jensenii, and L. iners. These advantageous 
bacteria are crucial for sustaining a low vaginal pH 
(~3.5-4.5) by generating lactic acid, hydrogen 
peroxide, and several antibacterial agents. 
The acidic environment functions as a natural 
defence mechanism, inhibiting the colonisation 
and proliferation of harmful and opportunistic 
bacteria.1

	 However, the vaginal microbiota is 
dynamic and experiences substantial alterations 
during a woman’s life due to several physiological 
circumstances, including hormone variations, 

menstrual cycles, pregnancy, and particularly, 
menopause. The transition to menopause is 
marked by a sharp decline in estrogen levels, which 
directly affects the vaginal ecosystem. Estrogen 
promotes the accumulation of glycogen in the 
vaginal epithelium, providing a vital substrate 
for Lactobacillus growth. As estrogen levels 
drop during menopause, glycogen availability 
diminishes, leading to a reduction in Lactobacillus 
populations. This decline in protective bacteria 
alters the vaginal environment, resulting in 
increased pH and microbial dysbiosis.2

	 Postmenopausal women frequently have 
a more varied and less stable vaginal microbiota, 
marked by the proliferation of pathogenic 
and anaerobic bacteria, including Gardnerella 
vaginalis, Prevotella species, and Atopobium 
vaginae. The changes in microbial composition are 
related with a higher chance of developing vaginal 
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disorders, such as BV, VVC, and UTIs. Additionally, 
the weakened mucosal immunity and reduced 
epithelial integrity in postmenopausal women 
further exacerbate susceptibility to infections and 
inflammation, negatively impacting quality of life.3

	 Despite advancements in understanding 
vaginal microbiota composition, there remains a 
gap in comprehensive research focusing on the 
quantitative and qualitative differences in the 
vaginal microbiome between premenopausal and 
postmenopausal women. Most existing studies 
primarily rely on traditional culture methods, 
which are limited in detecting fastidious or 
unculturable microorganisms. Molecular methods, 
particularly Polymerase Chain Reaction (PCR) and 
quantitative real-time PCR (qPCR), provide superior 
sensitivity and specificity for the identification and 
quantification of bacterial species, encompassing 
both cultivable and non-cultivable microbes.4

	 T h i s  s t u d y  s e e ks  to  co n d u c t  a 
comprehensive assessment of the vaginal 
microbiota composition in premenopausal and 
postmenopausal women utilising sophisticated 
molecular methods, namely real-time PCR, 
to quantify Lactobacillus species and detect 
significant pathogenic bacteria. Additionally, 
the study incorporates traditional culture-based 
methods to detect fungal pathogens like Candida 
spp., providing a comprehensive microbiological 
assessment. By understanding species-level 
differences and microbial shifts associated with 
menopause, this study seeks to elucidate the role 
of hormonal changes in shaping vaginal health and 
to highlight potential microbial markers for disease 
susceptibility.
	 This study’s findings will  provide 
significant insights into the impact of menopausal 
hormone changes on vaginal microbial dynamics. 
Comprehending these distinctions is crucial 
for formulating preventative and therapeutic 
strategies, like probiotic supplements or hormone 
replacement therapy (HRT), to re-establish a 
healthy vaginal microbiota and mitigate the risk of 
infections in postmenopausal women. Additionally, 
the study’s use of advanced molecular diagnostics 
may pave the way for more accurate, targeted 
treatments for vaginal health management.
	 This research aims to bridge the gap 
in microbiological understanding between 
reproductive and post-reproductive stages, 

offering a foundation for future studies focused on 
improving women’s reproductive and urogenital 
health.

MATERIALS AND METHODS

Study design and population
	 This comparative cross-sectional 
study was designed to assess and compare 
the vaginal microbiota of premenopausal and 
postmenopausal women through a combination 
of conventional microbiological techniques 
and advanced molecular methods. A total of 
80 participants were recruited from outpatient 
gynecology clinics following strict inclusion 
and exclusion criteria to minimize confounding 
factors.5 The study population consisted of two 
groups: Premenopausal women aged 18 to 45 
years and postmenopausal women aged 50 to 70 
years. Prior to the collection of the sample, each 
individual provided written informed consent. 
The Institutional Ethics Committee granted ethical 
approval, attesting to the study’s compliance with 
standards for human research ethics.
	 Inclusion criteria included women 
without any active vaginal infections, no antibiotic, 
antifungal, or probiotic usage in the last 4 weeks, 
and absence of sexually transmitted infections. 
Women who were pregnant, on hormone 
replacement therapy (HRT), or had used vaginal 
medications or douches within the past month 
were excluded. This strict participant selection 
ensured the reliability of the results by minimizing 
external influences on vaginal microbiota.6

Sample collection
	 Vaginal samples were collected by trained 
healthcare professionals under aseptic conditions. 
A sterile vaginal brush was inserted into the 
posterior vaginal fornix to collect epithelial cells 
and mucus. The swab was promptly submerged 
in sterile tubes having 1 mL of sterile 0.9% 
NaCl solution. To maintain microbial viability, 
the collected samples were transferred to the 
microbiology laboratory on ice within a two-hour 
timeframe.7

	 In the laboratory, the saline suspension 
was divided into separate aliquots designated for 
microscopy, fungal and bacterial culture, and DNA 
extraction for molecular analysis. This approach 
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allowed comprehensive analysis through multiple 
methodologies.

Microscopy and gram staining
	 Gram staining was performed to provide 
an initial assessment of the vaginal microbiota 
composition. A drop of the saline suspension was 
applied on a grease-free glass slide, air-dried, then 
heat-fixed, and stained using the Gram staining 
technique. Microscopic evaluation was conducted 
under oil immersion (1000× magnification).8

	 Smears were interpreted based on the 
following diagnostic criteria:
•	 Nugent Scoring System for identifying 

Bacterial Vaginosis (BV), which categorizes 
bacterial morphotypes into Lactobacillus, 
Gardnerella, and Mobiluncus.

•	 Donders Criteria for diagnosing Aerobic 
Vaginitis (AV), focusing on the presence of 
toxic leukocytes and disrupted vaginal flora.

•	 Marot-Leblond Criteria for identifying 
Vulvovaginal Candidiasis (VVC), detecting 
yeast cells and pseudohyphae.

	 Additionally, wet mount preparations 
were examined under phase-contrast microscopy 
(400× magnification) to detect hyphal forms 
indicative of fungal infections.

Culture of Candida spp.
	 100 µL of the vaginal saline suspension 
was inoculated onto three types of media to detect 
and identify the Candida species
Various culture media for microbial growth:
•	 5% Human Blood Agar (HBA) supports general 

fungal cultivation
•	 Chocolate Agar, prepared by heating human 

blood agar, is suitable for demanding 
microorganisms

•	 Sabouraud Dextrose Agar (SDA) specifically 
promotes fungal growth

For 48 hours, at 37 °C, the plates were incubated 
aerobically. Colony morphology was noted, and 
isolates were subjected to Gram staining, catalase, 
and oxidase tests for preliminary identification. 
Further differentiation was achieved using PCR-
based identification.9

DNA extraction
	 Using the Cobas® 4800 equipment (Roche 
Molecular Systems Inc., USA), genomic DNA was 

extracted from vaginal samples in accordance with 
the manufacturer’s instructions. This automated 
system ensures efficient and contamination-free 
DNA isolation.10

	 A  Nanodrop spectrophotometer 
(Nabi, Microdigital) was utilized to assess the 
quality and quantity of the DNA extract. The DNA’s 
purity was determined by examining the A260/
A280 and A260/A230 ratios. The DNA samples 
were then diluted to 20 ng/µL using molecular-
grade water and stored at -20 °C for subsequent 
use.

Polymerase Chain Reaction (PCR) for bacterial 
detection
	 Species-specific conventional PCR was 
utilised to discover and identify key vaginal 
bacterial species, both commensal and pathogenic. 
PCR reactions were prepared in a 20 µL volume 
including GoTaq® DNA Polymerase, dNTPs, MgCl2, 
species-specific primers, and template DNA.11

	 The PCR thermal cycling protocol 
commenced with an initial denaturation step at 94 
°C for 2 minutes, followed by 29 cycles consisting of 
denaturation at 94 °C for 30 seconds, annealing at 
a primer-specific temperature for 30 seconds, and 
extension at 72 °C for 1 minute. The amplification 
process concluded with a final extension step at 72 
°C for 5 minutes to ensure complete synthesis of 
the PCR products. The resulting PCR products were 
analyzed using 1.5% agarose gel electrophoresis 
with ethidium bromide staining for visualization.

Quantitative Real-Time PCR (qPCR) for 
Lactobacillus quantification
	 The quantification of Lactobacillus 
spp. was conducted using qPCR with particular 
primers that target the 16S rRNA gene. A standard 
curve was established by successive dilutions 
of Lactobacillus gasseri to quantify bacterial 
burden.12

	 The reaction mixture, totaling 20 µL, was 
composed of:
•	 GoTaq® Master Mix qPCR (Promega)
•	 Primers at a concentration of 0.5 µM each
•	 DNA template amounting to 2 µL
	 The thermal cycling process consisted of:
	 A 2-minute initial denaturation step  
	 at 94 °C 
	 40 cycles comprising:
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•	 Denaturation: 30 seconds at 94 °C
•	 Annealing: 30 seconds at 62 °C
•	 Extension: 1 minute at 72 °C
•	 A melt curve analysis to verify specificity.

Statistical analysis
	 SPSS Version 25 was used to analyse 
the data. Independent t-tests were employed 
to analyse variations in the bacterial burden. 
Statistical significance was determined for p-values 
below 0.05.

RESULTS

Study population characteristics
	 This research encompassed a total of 
80 women, divided equally into two groups: 40 
premenopausal and 40 postmenopausal women. 
The regular age of the premenopausal group was 
34.2 ± 5.1 years. The postmenopausal cohort 
exhibited a mean age of 59.1 ± 4.8 years. Both 
groups were comparable in terms of demographic 
and lifestyle factors such as body mass index 
(BMI), sexual activity, and personal hygiene 
practices, minimizing potential confounding 
variables. Postmenopausal women reported a 
higher incidence of vaginal symptoms, including 
dryness, itching, and burning sensations, as well 
as more frequent urinary tract infections, whereas 
premenopausal women largely reported no such 
issues, reflecting a healthier vaginal environment.

Microscopic evaluation of vaginal smears
	 Microscopic analysis of Gram-stained 
vaginal smears was performed to assess the 
composition of the vaginal microbiome. The Nugent 
scoring system was used to classify the samples. 
In the premenopausal group, 85% of women 
had Nugent scores between 0 and 3, indicating 
a healthy, Lactobacillus-dominated vaginal 
microbiota. Only 10% of premenopausal women 
had intermediate Nugent scores (4-6), suggesting 
a slight microbial imbalance, while 5% had scores 
between 7 and 10, indicative of bacterial vaginosis. 
In contrast, the postmenopausal group displayed 
a significant shift in microbiota composition. 
Only 35% of postmenopausal women maintained 
Nugent scores within the 0-3 range, while 40% 
exhibited scores between 7 and 10, consistent 
with bacterial vaginosis, and 25% had intermediate 
scores. Microscopic examination of Gram-
stained samples from women after menopause 
showed a significant decrease in Gram-positive 
Lactobacillus rods and a corresponding increase 
in Gram-negative microorganisms, including both 
cocci and bacilli. Wet mount microscopy further 
supported these findings, with postmenopausal 
women showing increased leukocytes, parabasal 
epithelial cells, and a diminished Lactobacillus 
presence, indicating a transition to dysbiosis and 
inflammation.

Figure 1. Violin plot of species abundance (Pre vs Post - Menopause)
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Culture results for Candida spp.
	 Culture-based analysis of Candida species 
showed notable differences between the two 
groups. In the premenopausal group, Candida 
spp. were isolated in 5% of cases, predominantly 
Candida albicans, with no significant growth of 
non-albicans species. In the postmenopausal 
group, Candida colonization was higher, with 
15% of women testing positive. Candida albicans 
remained the most common isolate, but 5% 
of cases also showed colonization by Candida 
glabrata. The findings suggest a reduced presence 
of Lactobacillus spp. in postmenopausal women 
may facilitate fungal overgrowth due to a disrupted 
vaginal environment and elevated pH levels.

PCR detection of bacterial species
	 Polymerase chain reaction (PCR) analysis 
provided more detailed insights into the bacterial 
composition of the vaginal microbiota. In the 
premenopausal group, Lactobacillus crispatus was 
detected in 70% of samples, Lactobacillus iners in 

60%, and Lactobacillus gasseri in 50%. Pathogenic 
bacteria such as Gardnerella vaginalis were 
detected in only 10% of samples, and Atopobium 
vaginae in 5%. However, in the postmenopausal 
group, the prevalence of Lactobacillus species was 
considerably lower, with Lactobacillus crispatus 
detected in only 25% of samples, Lactobacillus 
iners in 20%, and Lactobacillus gasseri in 15%. 
Conversely, the detection of pathogenic bacteria 
was markedly higher in the postmenopausal 
group, with Gardnerella vaginalis found in 45% 
of samples and Atopobium vaginae in 35%. These 
results confirm a clear shift from a Lactobacillus-
dominated community in premenopausal women 
to a more diverse and pathogenic microbiota in 
postmenopausal women (Figure 1).

Quantif ication of Lactobacil lus spp. by 
quantitative Real-Time PCR (qPCR)
	 qPCR further quantified the decline in 
beneficial bacteria and the rise in pathogenic 
bacteria. Lactobacillus crispatus exhibited a 

Figure 2. Comparison of vaginal microbiota composition in menopausal and postmenopausal women
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significant drop in copy number, averaging 4.5 × 
10¹¹ copies/mL in the premenopausal group and 
only 1.2 × 10¹¹ copies/mL in the postmenopausal 
group. Lactobacillus gasseri decreased from 
2.0 × 1011 copies/mL to 0.5 × 1011 copies/mL, 
and Lactobacillus iners dropped from 2.5 × 1011 
copies/mL to 0.8 × 1011 copies/mL (Figure 2). In 
contrast, pathogenic bacteria such as Gardnerella 
vaginalis increased from 0.3 × 1011 copies/mL in 
premenopausal women to 2.5 × 1011 copies/mL in 
postmenopausal women. Prevotella spp. increased 
from 0.4 × 1011 copies/mL to 3.0 × 1011 copies/

mL. This dramatic shift in microbial populations 
indicates a progression toward vaginal dysbiosis 
following menopause (Figures 3 and 4).

Statistical analysis
	 Statistical comparisons revealed notable 
variations between the two groups in regard 
to Lactobacillus abundance and pathogenic 
bacterial load. A statistically significant decrease 
in Lactobacillus species was observed (p < 
0.001). Additionally, a statistically significant 
rise in Gardnerella vaginalis, Prevotella spp., 

Figure 3. Comparison of Bacterial species copy number in Menopausal and Postmenopausal Women

Figure 4. Species Distribution in Pre-Menopausal and Post-Menopausal Women
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and Atopobium vaginae among women after 
menopause (p < 0.001). Candida colonization 
was notably higher in postmenopausal women  
(p = 0.02), supporting the hypothesis that 
hormonal changes and microbial imbalance 
contribute to increased fungal colonization.

Interpretation of results
	 The results clearly demonstrate that 
menopause significantly alters the vaginal 
microbiota. Premenopausal women maintain a 
protective Lactobacillus-dominated environment, 
primarily consisting of Lactobacillus crispatus, 
Lactobacillus iners, and Lactobacillus gasseri. 
This microbiota effectively maintains low vaginal 
pH and inhibits pathogenic colonization. In 
contrast, postmenopausal women experience a 
marked depletion of Lactobacillus species and 
a corresponding overgrowth of pathogenic and 
anaerobic bacteria, including Gardnerella vaginalis 
and Prevotella species. This dysbiotic state 
elevates the vaginal pH and increases susceptibility 
to infections such as bacterial vaginosis and 
vulvovaginal candidiasis.
	 The decline in estrogen during menopause 
seems to be particularly important in this 
microbial shift by reducing glycogen levels in the 
vaginal epithelium, thereby limiting nutrients for 
Lactobacillus growth. These findings highlight the 
necessity of implementing specific therapies, such 
as probiotic supplements or hormone replacement 
therapy, to re-establish microbial equilibrium 
and enhance vaginal health in postmenopausal 
women.

DISCUSSION 

	 Research examining the vaginal 
microbiome in women before and after menopause 
reveals crucial information about the substantial 
alterations in microbial communities that result 
from the hormonal changes accompanying 
menopause. The results indicate a marked 
transition from a Lactobacillus-dominated 
microbiota in premenopausal women to a more 
diverse and potentially pathogenic microbiota 
in postmenopausal women. This transition is 
categorised by a significant reduction in beneficial 
Lactobacillus species and an increase in pathogenic 
bacteria, which has important implications 

for women’s health.13-15 The demographic 
characteristics of the study population revealed 
that both groups were comparable in terms of body 
mass index (BMI), sexual activity, and personal 
hygiene practices. However, the postmenopausal 
group reported a higher incidence of vaginal 
symptoms such as dryness, itching, and burning 
sensations, as well as a greater frequency of 
urinary tract infections. This aligns with existing 
literature that suggests menopause is related with 
vaginal atrophy and increased susceptibility to 
infections due to hormonal changes, particularly 
the decline in estrogen levels.16,17 Microscopic 
evaluation of vaginal smears using the Nugent 
scoring system demonstrated that the majority 
of premenopausal women maintained a healthy 
vaginal microbiota characterized by low Nugent 
scores, indicating a predominance of Lactobacillus 
species. In contrast, the postmenopausal group 
exhibited a significant shift, with a notable increase 
in Nugent scores indicative of bacterial vaginosis. 
The reduction in Gram-positive Lactobacillus rods 
and the increase in Gram-variable and Gram-
negative organisms in postmenopausal women 
highlight a transition to dysbiosis, which is often 
associated with inflammation and increased risk of 
infections.18,19 Culture results for Candida species 
further illustrated the differences between the two 
groups. The prevalence of Candida colonization 
was higher in postmenopausal women, suggesting 
that the reduced presence of Lactobacillus 
spp. may facilitate fungal overgrowth due to a 
disrupted vaginal environment and elevated pH 
levels. This finding is significant as it indicates 
that the hormonal changes associated with 
menopause not only affect bacterial populations 
but also create conditions conducive to fungal 
infections.20,21 PCR detection of bacterial species 
provided a more detailed understanding of the 
microbial composition. The significant decrease in 
Lactobacillus species in postmenopausal women, 
particularly Lactobacillus crispatus, Lactobacillus 
iners, and Lactobacillus gasseri, was accompanied 
by a marked increase in pathogenic bacteria such 
as Gardnerella vaginalis and Atopobium vaginae. 
These results confirm a clear shift from a dominant 
Lactobacillus community to a more diverse and 
pathogenic microbiota, which is concerning 
given the relationship of these pathogens with 
increased risk of bacterial vaginosis and urinary 
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tract infections.22,23 Quantitative real-time PCR 
(qPCR) analysis further quantified the changes 
in microbial populations, indicating a significant 
decrease in the copy numbers of Lactobacillus 
species in postmenopausal women. In contrast, 
the copy numbers of pathogenic bacteria including 
Gardnerella vaginalis and Prevotella spp. increased 
significantly. This shift towards dysbiosis is 
statistically significant and underscores the 
impact of menopause on vaginal health.24,25 The 
statistical analysis of the results revealed notable 
variations separating the two groups in terms of 
Lactobacillus abundance and pathogenic bacterial 
load. The reduction in Lactobacillus species and 
the increase in pathogenic bacteria were both 
statistically significant, supporting the hypothesis 
that hormonal changes during menopause 
contribute to microbial imbalance and increased 
susceptibility to infections.26,27 

CONCLUSION

	 In conclusion, the findings of this 
study clearly demonstrate that menopause 
significantly alters the vaginal microbiota, leading 
to a depletion of helpful Lactobacillus species and 
pathogenic bacterial overgrowth. This dysbiotic 
state elevates the vaginal pH and increases 
the risk of infections like bacterial vaginosis 
and vulvovaginal candidiasis. The decline in 
estrogen levels during menopause seems to 
be really important in this microbial shift by 
reducing glycogen levels in the vaginal epithelium, 
thereby limiting nutrients for Lactobacillus 
growth. The findings highlight the necessity of 
implementing targeted therapies, like probiotic 
supplements or hormone replacement therapy, 
to re-establish microbial equilibrium and enhance 
vaginal health in postmenopausal women. The 
ramifications of these findings are substantial, 
as they underscore the necessity for healthcare 
practitioners to recognise the alterations in vaginal 
microbiota linked to menopause and to devise 
suitable methods for managing the health of 
postmenopausal women. Future research should 
concentrate on examining the effectiveness of 
several therapies designed to restore a healthy 
vaginal microbiome and reduce the risks linked 
to dysbiosis in this demographic.
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