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Abstract

The vaginal microbiome is a reproductive organ-specific association that harbors a unique
collection of anaerobic and aerobic microorganisms. It plays a crucial role in woman's reproductive well-
being and prevention of urogenital diseases including bacterial vaginosis (BV), infections with
opportunistic microorganisms, yeast infections, urinary tract infections and sexually transmitted diseases.

The composition of the vaginal microbiota undergoes significant changes during different stages
of women's life cycle and is influenced by variations in sex hormone levels, physiological factors (e.g. the
menstrual cycle and pregnancy) and individual lifestyle choices. Evidence shows that these various
factors can influence the vaginal microbiome, potentially leading to an imbalance in the microbial
community and genital infections.

The aim of the present study was to compare the composition of vaginal microbiota in women at
different life stages. A total of 2032 vaginal and cervical swab samples from women of different age,
submitted for routine testing at the Institute for Microbiology and parasitology were analyzed. Vaginal
microbiota was evaluated by means of quantitative PCR in real time (Femoflor Screen, DNA-
Technology).

The results showed a dominance of lactobacilli in majority of the samples from the first two
groups young women and women in reproductive years (72% and 69%, respectively), whilst a decrease of
normocenosis was noted in women over 45 years (47%).

Moderate dyshiosis was detected in 18% of both 15-25 yrs and 25-45 yrs age groups compared to
21% of the women of the > 45 yrs group. Severe dysbiosis prevailed among women of the >45 yrs group
(32%) compared to 13% and 10% in the 15-25 yrs and 25-45 yrs age groups, accordingly.

The results from this study provide a comprehensive picture of our current knowledge of the
composition and abundance of the microbiota of the female reproductive tract during different life
phases.

The tremendous importance of the microbiome for the reproductive health imply the necessity of
future studies focused on providing more detailed information its composition and susceptibility to
external influences.
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Introduction

The vaginal microbiome is a reproductive organ-specific association that harbors a unique
collection of anaerobic and aerobic microorganisms. These “vaginal residents” live in harmonious and
balanced relationship with its human host. The host provides a suitable habitat and nutrients for the
microbes, whereas the resident microbiota produces antimicrobial and anti-inflammatory factors,
providing protection against pathogens and maintenance of the vaginal homeostasis [1].
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Considering previously mentioned, vaginal microbiota plays a crucial role in woman's
reproductive wellbeing and prevention of urogenital diseases including bacterial vaginosis (BV),
infections with opportunistic microorganisms, yeast infections, urinary tract infections and sexually
transmitted diseases [2].

The vaginal microbiome (VMB) has complex composition of variety of microbes, among which
bacteria are most prevailing. In the majority of healthy reproductive age women, the vaginal microbiota is
dominated by different types of Lactobacillus spp., including L.crispatus, L. gasseri, L. inersand L.
jenseni; although these communities can vary significantly between individuals and over time. In addition
of lactobacilli, many other microorganisms are part of vaginal microbiota, such as obligate anaerobes
(Gardnerella spp., Prevotella spp., Mobiluncus spp, Bacteroides spp., Veilonella spp., Porphyromonas
spp., Fannyhessea vaginae and other), facultative anaerobes (Enterobacterales, Staphylococcus spp,
Streptococcus spp), Ureaplasma spp., Mycoplasma spp., Candida spp. and many others [3-5].

Lactobacillus spp. has crucial role in maintaining homeostasis in the vaginal environment and
preventing the establishment or excessive growth of other microorganisms that may become potentially
harmful for the host [6].

By production of lactic acid, utilization of glycogen and competition for resources with potential
pathogens, lactobacilli provide acidic vaginal microenvironment and stability of the vaginal microbiota.
Additionally, lactobacilli produce various antimicrobial compounds, i.e hydrogen peroxide and
bacteriocins with well known microbiocidal and microbiostatic effect [7 -9].

Taking into account their multiple roles, the proportion of lactobacilli is considered an important
indicator for the status of the vaginal microbiocenosis [10].

It is important to note that the vaginal microbiota is not constant ecosystem, but rather a dynamic
one, influenced by various factors which generally can be classified in two groups: non-modifiable and
modifiable factors.

For instance, age, ethnicity, genetics are non-modifiable, whereas the use of antibiotics, stress,
smoking, diet, hygiene habits, sexual activity, contraceptives and many other external factors are defined
as modifiable. Nevertheless, evidence shows that these various factors can influence the vaginal
microbiome, potentially leading to an imbalance in the microbial community and genital infections [11].
Variations of vaginal microbiome in different age periods

The composition of the vaginal microbiota undergoes significant changes during different age
periods and is influenced by change in sex hormone levels, physiological factors (e.g. the menstrual cycle
and pregnancy), and individual lifestyle choices.

From the earliest developmental stages, reproductive organs of the newborn are influenced by the
maternal transplacental estrogen, leading to rich glycogen supply in the vaginal epithelium and lower
vaginal pH. Another important event at this life stage is the type of birthing method. Infants born by
vaginal delivery are exposed to microorganisms from mother’s birth canal, resulting in microbiome
similar to the one of the mother’s vagina, while according to data from several studies, cesarean section
newborns obtain microbial population comparable to their mother’s skin (Staphylococcus spp.,
Corynebacterium spp., Proprionibacterium spp.) [12].

With estrogens biotransformation, vaginal glycogen levels decrease promoting neutralization
and/or alkalization of the vaginal microenvironment. These changes modulate the vaginal microbiome
composition and at prepubertal stage VMB comprises mainly of diphteroids, Staphylococcus epidermidis,
Enterococcus spp., Escherichia coli, as well as of anaerobic microbes such as Peptococcus spp.,
Prevotella spp., Porphyromonas spp. and others [12,13].

By reaching puberty, maturation of adrenal glands and gonads occurs, with accordant rise in
estrogen levels, resulting with hyperplasia of the vaginal epithelium and enrichment in the vaginal
glycogen content. The outcome is establishment of Lactobacillus spp. dominated microbiome and this
state is sustained during the reproductive period [14].

Of course, inter-individual differences in the composition, as well as changes during the
menstrual cycle exist [15].
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Even though it is considered that the greater part of healthy women in reproductive period have
lactobacilli dominant flora, some have high diversity flora with low abundance of lactobacilli, which is
predicting factor for development of dysbiosis [16].

The decline in circulating estrogen during menopause, leads to diminishment of glycogen
supplies, hence, loss of the Lactobacilli dominant vaginal microbiome and rise in vaginal pH. At this
point, the microbiome shows high diversity and is dominated by anaerobes, whereas the lactobacillus
portion of the flora is very low. During and after menopause these changes can be reversed by using
hormone replacement therapy [17,18].

Aim
The aim of the present study was to compare the composition of vaginal microbiota in women at
different life stages.

Materials and methods

The study included 2,032 vaginal and cervical swab (dacron swabs from different manufacturers)
samples from women at different ages, collected from April to October 2023, submitted for routine
laboratory testing at the Institute of Microbiology and Parasitology, Faculty of Medicine, University Ss
Cyril and Methodius — Skopje, Republic of North Macedonia.

The vaginal specimen was used for assessment of vaginal microbiota (Lactobacillus spp., obligate
anaerobes typical for women's urogenital tract - Gardnerella vaginalis, Prevotella bivia, Porphyromonas
spp., mycoplasmas - Mycoplasma hominis, Ureaplasma spp., fungi of the genus Candida spp.) and
detection of Trichomonas vaginalis, Cytomegalovirus, Herpes simplex virus-1 and Herpes simplex virus-
2, while the cervical swab specimen was used for the detection of Ureaplasma spp., Mycoplasma
hominis, Mycoplasma genitalium, Chlamydia trachomatis and Neisseria gonorrhoeae.

Swab samples were collected by experienced gynecologist and transported to the molecular
microbiology laboratory within two hours of collection. In the sample 2000 pL of physiological saline
solution was added, the sample was vortexed and then 1500 pL transferred to the 1.5 mL plastic tubes for
further manipulation.

Automated DNA extraction from vaginal and cervical samples was performed on abGenix
automated DNA & RNA extraction system, using abGenix Bacterial DNA Extraction Kit Ill. The
presence of the target genes of the above-mentioned microorganisms was detected by multiplex real-time
polymerase chain reaction (PCR) with fluorescent-labeled probes.

The amplification of the targets was made using the Femoflor® Screen REAL- TIME PCR
Detection Kit. For the detection of previously listed microorganisms PCR reactions were conducted in
DTPrime thermocycler (DNA-Technology, Russia).

The cycling protocol (provided by the manufacturer) contains the steps of the procedure, starting
with initial denaturation at 94 °C for 30 seconds, followed by two-step PCR program: denaturation at
94°C for 10 seconds and annilation/extension at 64°C for 15 seconds for 45 reps. [19].

Obtained results were further analyzed following manufacturer instructions [19, 20].

Results

Study participants were classified in three groups according to their age: first group: 15 to 25
years old (young age); second group: 25 to 45 years old (reproductive age); third group: older than 45
years (women approaching menopause) [21]. 1965 samples were derived from private medical offices and
67 were from hospitalized patients from the University Clinic for gynecology and obstetrics in Skopje.
Using the Femoflor Screen Real-time PCR method the following results were obtained (Table 1).

In the first group, that included women from 15 to 25 years, from 290 samples normocenosis was
detected in 209 samples (72%), moderate dysbiosis was detected in 53 samples (18%) and severe
dyshiosis was detected in 28 samples (10%).
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In the second age group, women from 26-45 years old, from 1462 samples, normocenosis was
detected in 1009 samples (69%), moderate dyshiosis was detected in 262 samples (18%) and severe
dysbiosis was detected in 191 samples (13%).

In the third group, women older than 45 years, from 280 samples, in 131 samples (47%) was
detected normocenosis, in 90 samples (32%) moderate dysbiosis and in 59 samples (21%) severe
dysbiosis (Fig.1).

Table 1. Summary of collected data, presenting the results of vaginal microbiota state in the examined
samples.

State of vaginal microbiome Total number of
Age group Normocenosis Moderate dysbiosis Severe dysbiosis samples
15-25 years 209 (72%) 53 (18%) 28 (10%) 290 (100%)
26-45 years 1009 (69%) 262 (18%) 191 (13%) 1462 (100%)
> 45 years 131 (47%) 90 (32%) 59 (21%) 280 (100%)
2032
B0% 72%
° 69%
70%
60%
50% 47%
40%
32%
30%
18% 18% 21%
20% 13%
10%
] B
0%
15-25 years 26-45 years > 45 years
m Normocenosis Moderate dysbiosis ~ m Severe dysbiosis

Fig.1. State of vaginal microbiota at different age periods

Discussion

From total of 2032 samples, 290 were from women at the age 15 to 25 years, 1462 samples from
women at the age 25 to 45 years and 280 from women older than 45 years, in other words the biggest
portion of examined samples belonged to women in reproductive period.

In the first age group, women from 15-25 years, normocenosis was detected in 72% of the
samples, moderate dysbiosis in 18% and severe dysbiosis in 10%. In the second age group, women from
25-45 years, normocenosis was detected in 69%, moderate dysbiosis in 18% and severe dysbiosis in 13%
of the samples. In the third age group, women older than 45 years, normocenosis was detected in 47 %,
moderate dyshiosis in 21% and severe dysbiosis in 32% of the samples.
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The results showed a dominance of lactobacilli in majority of the samples from the first two
groups young women and women in reproductive years (72% and 69%, respectively), whilst a decrease of
normocenosis was noted in women over 45 years (47%). Moderate dysbiosis was detected in 18% of both
15-25 yrs and 25-45 yrs age groups compared to 21% of the women of the > 45 yrs group. Severe
dysbiosis prevailed among women of the >45 yrs group (32%) compared to 13% and 10% in the 15-25
yrs and 25-45 yrs age groups, accordingly (Fig.2).

The results from this study provide comprehensive picture of our current knowledge of the
composition and abundance of the microbiota of the female reproductive tract during different life phases.
In young women and women in reproductive period, higher circulating levels of estrogen lead to
lactobacillus dominant flora.

In their study, Wessels et al., 2018 have described the changes of sex hormones during puberty,
that lead to thicker vaginal epithelium with more glycogen storage, as an adequate source of nutrients for
the growth and proliferation of vaginal microorganisms [22].

In 2011, Ravel et al. conducted a cross-sectional study that characterized the vaginal microbiome
of reproductive-age women in the United States using molecular sequencing method.

The study has shown that most vaginal communities (73%) were dominated by one or more
species of Lactobacillus spp. It was then when the CSTs (community state types) classification was
introduced, categorizing the vaginal microbial communities in five groups: CST-I, CST-II, CST-III, CST-
IV, CST-V [16]. In women approaching menopause, the decreasing of circulating estrogens and the lower
glycogen storage in the vaginal epithelium leads to shift in the vaginal microbiome towards composition
with high diversity and low lactobacilli portion, stated in several studies on that subject (Gliniewicz K. et
al, 2019; Heinemann and Reid, 2005; Mirmonsef et al., 2015) [17, 18, 23].

NORMOCENOSIS MODERATE DYSBIOSIS SEVERE DYSBIOSIS

W 15-25 years W 26-45 years > 45 years

Fig. 2. Comparison of the states of vaginal microbiome at different life stages
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Conclusion
Emerging molecular methodologies offer a more profound assessment of the dynamics of the

vaginal microbiota at different stages of a woman's life. The tremendous importance of the microbiome
for the reproductive health implies a necessity of future studies focused on providing more detailed
information its composition and susceptibility to external influences.

10.

11.

12.

13.

References

Chen X, Lu Y, Chen T, Li R. The Female Vaginal Microbiome in Health and Bacterial
Vaginosis. Front  Cell Infect Microbiol. 2021;11:631972. Published 2021 Apr 7.
doi:10.3389/fcimb.2021.631972.

Martin DH. The microbiota of the vagina and its influence on women's health and disease. Am J
Med Sci. 2012;343(1):2-9. d0i:10.1097/MAJ.0b013e31823ea228.

Huang B, Fettweis JM, Brooks JP, Jefferson KK, Buck GA. The changing landscape of the
vaginal microbiome. Clin Lab Med. 2014;34(4):747-761. doi:10.1016/j.cl1.2014.08.006.

Hyman RW, Fukushima M, Diamond L, Kumm J, Giudice LC, Davis RW. Microbes on the
human vaginal epithelium. Proc Natl Acad Sci U S A. 2005; 102(22):7952-7957.
d0i:10.1073/pnas.0503236102.

Human Microbiome Project Consortium. Structure, function and diversity of the healthy human
microbiome. Nature. 2012; 486(7402):207-214. Published 2012 Jun 13.
doi:10.1038/nature11234.

Osset J, Bartolomé RM, Garcia E, Andreu A. Assessment of the capacity of Lactobacillus to
inhibit the growth of uropathogens and block their adhesion to vaginal epithelial cells. J Infect
Dis. 2001; 183(3):485-491. doi:10.1086/318070.

France M, Alizadeh M, Brown S, Ma B, Ravel J. Towards a deeper understanding of the vaginal
microbiota. Nat Microbiol. 2022; 7(3):367-378. doi:10.1038/s41564-022-01083-2.

Aroutcheva A, Gariti D, Simon M, et al. Defense factors of vaginal lactobacilli. Am J Obstet
Gynecol. 2001; 185(2):375-379. d0i:10.1067/mob.2001.115867.

Barrientos-Durdn A, Fuentes-LOpez A, de Salazar A, Plaza-Diaz J, Garcia F. Reviewing the
Composition of Vaginal Microbiota: Inclusion of Nutrition and Probiotic Factors in the
Maintenance of  Eubiosis. Nutrients.  2020; 12(2):419. Published 2020 Feb 6.
d0i:10.3390/nu12020419.

Amabebe E, Anumba DOC. The Vaginal Microenvironment: The Physiologic Role
of Lactobacilli. Front Med (Lausanne). 2018; 5:181. Published 2018 Jun 13.
doi:10.3389/fmed.2018.00181.

Szymanski JK, Stabuszewska-Jozwiak A, Jakiel G. Vaginal Aging-What We Know and What We
Do Not Know. Int J Environ Res Public Health. 2021; 18(9):4935. Published 2021 May 6.
doi:10.3390/ijerph18094935.

Ginther V, Allahgoli L, Watrowski R, et al. Vaginal Microbiome in Reproductive
Medicine. Diagnostics ~ (Basel).  2022;  12(8):1948.  Published 2022 Aug 12
doi:10.3390/diagnostics12081948.

Xiaoming W, Jing L, Yuchen P, Huili L, Miao Z, Jing S. Characteristics of the vaginal
microbiomes in prepubertal girls with and without vulvovaginitis. Eur J Clin Microbiol Infect
Dis. 2021; 40(6):1253-1261. doi:10.1007/s10096-021-04152-2.

50



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Krsteva N. et al; Vaginal microbiota composition profiles in women at different life stages

Holdcroft AM, Ireland DJ, Payne MS. The Vaginal Microbiome in Health and Disease-What
Role Do Common Intimate Hygiene Practices Play?. Microorganisms. 2023; 11(2):298.
Published 2023 Jan 23. doi:10.3390/microorganisms11020298.

Gajer P, Brotman RM, Bai G, et al. Temporal dynamics of the human vaginal microbiota. Sci
Transl Med. 2012; 4(132):132ra52. doi:10.1126/scitransImed.3003605.

Ravel J, Gajer P, Abdo Z, et al. VVaginal microbiome of reproductive-age women. Proc Natl Acad
Sci U S A. 2011; 108 Suppl 1 (Suppl 1):4680-4687. doi:10.1073/pnas.1002611107.

Mirmonsef P, Modur S, Burgad D, et al. Exploratory comparison of vaginal glycogen and
Lactobacillus levels in premenopausal and postmenopausal women. Menopause. 2015;
22(7):702-709. doi:10.1097/GME.0000000000000397.

Gliniewicz K, Schneider GM, Ridenhour BJ, et al. Comparison of the Vaginal Microbiomes of
Premenopausal and Postmenopausal Women. Front Microbiol. 2019; 10:193. Published 2019 Feb
14. doi:10.3389/fmicb.2019.00193.

DNA technology Research & Production, LLC. Femoflor® Screen REAL-TIME PCR Detection
Kit Instruction for use. (femoflor_screen.pdf (dna-technology.com).

Voroshilina, Ekaterina & Plotko, Evgenii & Islamidi, D. & 1.V., Lavrenteva & Zornkov, Danila.
Evaluation of vaginal microbiota by quantitative real-time PCR. Management of patients with
vaginal dysbiosis (2019) p: 8-31.

Takeda Y. Understanding the life stages of women to enhance your practice. Japan Medical
Association Journal. 2010; 53(5):273-278.

Wessels JM, Felker AM, Dupont HA, Kaushic C. The relationship between sex hormones, the
vaginal microbiome and immunity in HIV-1 susceptibility in women. Dis Model Mech. 2018;
11(9):dmm035147. Published 2018 Aug 28. do0i:10.1242/dmm.035147.

Heinemann C, Reid G. Vaginal microbial diversity among postmenopausal women with and
without hormone replacement therapy. Can J Microbiol. 2005; 51(9):777-781. doi:10.1139/w05-
070.

Farage M, Maibach H. Lifetime changes in the vulva and vagina. Arch Gynecol Obstet. 2006;
273(4):195-202. doi:10.1007/s00404-005-0079-X.

Zhou X, Bent SJ, Schneider MG, Davis CC, Islam MR, Forney LJ. Characterization of vaginal
microbial communities in adult healthy women using cultivation-independent
methods. Microbiology (Reading). 2004; 150(Pt 8):2565-2573. doi:10.1099/mic.0.26905-0.
Shipitsyna E. V., Martikainen Z. M., Vorobyeva N. E. et al. Investigation of vaginal
microbiocenosis using the test Femoflor. Journal of Obstetrics and Women’s Dis eases. 2009; V.
LVIII (3): 44-50.

Ling, Z., Kong, J., Liu, F.et al. Molecular analysis of the diversity of vaginal microbiota
associated with bacterial vaginosis. BMC Genomics 11, 488 (2010).
https://doi.org/10.1186/1471-2164-11-488.

51


https://dna-technology.com/sites/default/files/femoflor_screen.pdf
https://doi.org/10.1186/1471-2164-11-488

