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The vaginal microbiome is an important component of the microbiocenosis of the female reproductive tract and
participates in maintaining local homeostasis. In women of reproductive age, its structure is mainly characterized
by the dominance of representatives of the Lactobacillus, which contribute to maintaining the acidic environment
of the vagina and limit colonization by pathogenic and opportunistic microorganisms. Disruption of the microbial
balance may be accompanied by dysbiotic changes and be associated with adverse reproductive consequences.
The work summarizes the results of modern studies devoted to the structure and functional properties of the vag-
inal microbiome. It was established that the most common representatives of the vaginal microbiota of women of
reproductive age are Lactobacillus crispatus, L. gasseri, L. iners and L.jensenii, and the dominance of L. crispatus is
more often associated with a physiological acidic pH. It is shown that the composition of the microbiome depends
on age, hormonal status, phase of the menstrual cycle, pregnancy, contraception, medication and other biological
and external factors. Dysbiotic changes, characterized by a decrease in the number of lactobacilli and an increase in
the titer of various anaerobic microorganisms, may be associated with infertility, early pregnancy loss, preterm birth
and certain adverse outcomes of assisted reproductive technologies (ART). The vaginal microbiome is a dynamic eco-
system, the state of which indirectly affects the reproductive health of women. Further study of its composition and
functional activity will contribute to the clarification of the mechanisms of interaction of the microbiome with the
reproductive system and the assessment of the possibilities of using microbiome indicators to predict reproductive
outcomes.
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Connection of the publication with planned re- Introduction.
search work. A woman’s reproductive health is determined by the

The work was conducted within the framework of
the research project of the Department of Ecology and
Environmental Protection Technologies entitled “Inno-
vative Environmental Technologies to Ensure the Envi-
ronmental Safety of Technologically Loaded Regions” associations of the female reproductive tract and their
(state registration number 0124U002506). possible impact on fertility and the course of pregnancy.

complex interaction of the endocrine, immune, nervous
and reproductive systems. One of the current directions
of modern reproductive biology is the study of microbial
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The microbiome is the totality of the genetic material
of microorganisms inhabiting a certain ecological niche,
together with the functional potential of the microbial
community formed by them and its interaction with the
host organism and the environment. The human mi-
crobiome includes bacteria, archaea, fungi and viruses,
which form complex dynamic microbial ecosystems [1].
In the female reproductive tract, microbial associations
that form biofilms are localized, in particular, in the va-
gina and cervix, and their composition and functional
activity can be associated with the state of the mucous
membranes, local immune response and reproductive
processes [2, 3].

The development of high-throughput sequencing,
16S rRNA analysis and metagenomic methods has sig-
nificantly expanded the understanding of the composi-
tion and functional properties of the vaginal microbiome
[4, 5].

The vaginal microbiome in women of reproductive
age is mainly characterized by the dominance of rep-
resentatives of the genus Lactobacillus, among which
Lactobacillus crispatus, L. gasseri, L. iners and L.jensenii
are most often found. Lactobacilli provide an acidic en-
vironment in the vagina, inhibit the development of
pathogenic and opportunistic microorganisms, interact
with the vaginal epithelium and the local immune sys-
tem [4-6]. At the same time, the structure of the vaginal
microbiome is dynamic and depends on many external
and internal factors [7, 8].

Disturbances of microbial balance, accompanied
by a decrease in the number of lactobacilli and an in-
crease in the number of various anaerobic bacteria, are
considered vaginal dysbiosis. Microorganisms associ-
ated with such changes include representatives of the
Gardnerella, Prevotella, Atopobium, Sneathia, Megas-
phaera, Mobiluncus and other genuses [9, 10]. L. iners
is of particular interest, as it is found both in a relatively
stable vaginal microbiome and in conditions of dysbiotic
changes, which highlights the complexity of its biological
role [6].

Data obtained in recent years indicate a possible
connection of the vaginal microbiome with female re-
productive function. A systematic review by de Souza
et al. [11], which included 18 studies involving 2,011
women, found that women of reproductive age had a
more frequent Lactobacillus-dominant vaginal microbi-
ome profile, while women with infertility showed dys-
biotic changes.

The vaginal microbiome has also been investigated
in the context of assisted reproductive technologies. In
particular, vaginal dysbiosis has been associated with
lower clinical pregnancy rates and an increased risk of
early pregnancy loss. L. crispatus dominance has been
associated with more favorable reproductive outcomes
in some studies [12—-14].

Changes in the vaginal microbiome also have poten-
tial implications for pregnancy outcomes. Decreased
Lactobacilli and increased microbial diversity are associ-
ated with an increased risk of preterm birth. At the same
time, most modern studies demonstrate mainly asso-
ciative relationships, and the heterogeneity of research
methods and criteria for assessing the microbiome com-
plicates direct comparison of the results obtained [13,
15, 16].

Thus, the relevance of research on the vaginal micro-
biome is due to the need to study its role in maintaining
female reproductive function, the course of pregnancy
and the effectiveness of assisted reproductive technol-
ogies. The lack of certainty of the causal mechanisms of
interaction of the microbiome with the female body and
the possibilities of using microbiome characteristics as
prognostic markers necessitates further systematic anal-
ysis of modern scientific data.

The aim of the study.

To analyze and summarize modern literature data on
the taxonomic and functional composition of the vagi-
nal microbiome and determine its potential impact on
women’s reproductive function.

Object and research methods.

The object of the study was current scientific evi-
dence on the composition, functional properties, and
determinants of the vaginal microbiome, as well as its
potential impact on women’s reproductive health. The
study involved the analysis and synthesis of scientific
literature addressing the taxonomic composition of the
vaginal microbiota, mechanisms underlying dysbiotic al-
terations, and factors influencing the structure of micro-
bial communities within the female reproductive tract.
Particular attention was paid to representatives of the
genus Lactobacillus, vaginal dysbiosis, female reproduc-
tive function, in vitro fertilization (IVF) outcomes, and
the course of pregnancy, including the potential associ-
ations of the vaginal and endometrial microbiomes with
fertility and reproductive complications. General scien-
tific methods of analysis, comparison, systematization,
and synthesis of data from contemporary scientific pub-
lications were applied.

Main part.

Composition of the vaginal microbiome. The vagi-
nal microbiome is a complex, dynamic, multicomponent
ecosystem that includes bacteria, fungi, archaea, and vi-
ruses [4, 17]. The most thoroughly studied component of
it is the bacterial community, the possibilities of studying
which have significantly expanded after the introduction
of modern molecular genetic methods, in particular, 16S
rRNA gene sequencing and shotgun metagenomic se-
quencing. The use of these technologies made it possi-
ble to detect a much wider spectrum of microorganisms
than when using traditional culture methods, as well as
to study the patterns of their coexistence and potential
functional interaction with the host organism [4, 5].

In women of reproductive age, the vaginal bacterial
community is mainly characterized by the dominance of
representatives of the Lactobacillus. Lactobacillus cris-
patus, L. gasseri, L. iners and L. jensenii are most often
found among them [4, 6]. At the same time, the predom-
inance of lactobacilli does not always indicate a normal
state, since different species have different metabolic
properties and may be differently associated with the
stability of the vaginal microbial ecosystem [6, 8]. The
most favorable profile is considered to be a microbi-
ome with a predominance of L. crispatus, this species
creates conditions unfavorable for the overgrowth of
many pathogenic and opportunistic microorganisms [4,
15], such as Gardnerella vaginalis, Atopobium vaginae,
Prevotella spp., Mobiluncus spp., and Escherichia coli.

Similar protective properties may be inherent in L.
gasseri and L. jensenii, which are also involved in the
production of lactic acid and the maintenance of colo-
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nization resistance. However, the relationship of these
species with individual reproductive outcomes is less
clearly understood, so it is advisable to assess the state
of the vaginal microbiome taking into account not only
the total abundance of lactobacilli, but also the species
composition of the microbial community [4, 8]. L. iners
attracts special attention, since its biological role is more
complex compared to other common members of the
Lactobacillus. This species can be dominant both in a
relatively stable vaginal microbiome and in conditions
of dysbiotic changes, in particular during the transition
to conditions associated with bacterial vaginosis. A sys-
tematic review by Zheng et al. [6] showed that L. iners
is one of the most common components of the vaginal
microbiome and can be detected in different microbial
conditions. This feature indicates that the assessment of
the total number of lactobacilli alone does not always
allow to reliably determine the functional state of the
vaginal ecosystem. A more informative approach is to
establish the species composition of the microbiota and,
if possible, the characteristics of individual strains.

The functional properties of vaginal lactobacilli are
largely determined by their metabolic activity [4, 6]. In
addition to lactic acid, individual representatives of Lac-
tobacillus can also synthesize bacteriocins, hydrogen
peroxide and other metabolites that can affect the via-
bility and colonization of competing microorganisms [6].
An important defense mechanism is also the ability of
lactobacilli to adhere to vaginal epithelial cells, compete
with other microorganisms for colonization sites and in-
teract with components of the local innate immune re-
sponse [4—6].

Vaginal microbial profiles and features of the endo-
metrial microbiome. In women of reproductive age, the
vaginal microbiome is often characterized by relatively
low microbial diversity and a predominance of repre-
sentatives of Lactobacillus, among which L. crispatus,
L. gasseri, L. iners, and L. jensenii are most commonly
found [6, 8]. Based on the dominant bacterial taxa, vag-
inal microbial communities are divided into five main
community state types (CST). CST | is characterized by
a predominance of L. crispatus, CST Il by L. gasseri, CST
Il by L. iners, and CST V by L. jensenii. CST IV, in contrast
to the other types, is characterized by the absence of a
pronounced dominance of one species of Lactobacillus
and a higher bacterial diversity with an increased repre-
sentation of anaerobic microorganisms [8, 15].

Microbial taxa that may be present in CST IV include
Gardnerella, Prevotella, Fannyhessea, Sneathia, Megas-
phaera, Dialister, Mobiluncus, Peptoniphilus, and other
anaerobic bacteria [9, 15]. An increase in their relative
count is often accompanied by a decrease in the num-
ber of lactobacilli and an increase in vaginal pH, which
is characteristic of microbial profiles associated with
bacterial vaginosis [9, 10, 15]. However, the presence of
individual representatives of these microorganisms does
not necessarily indicate a pathological condition, since
the vaginal microbiota is a dynamic ecosystem, and
its composition can vary significantly between women
without clinical manifestations of the disease [6, 8]. Of
particular importance among vaginal lactobacilli is L.
crispatus, the dominance of which is usually associated
with a more stable and favorable microbial profile. In
a systematic review based on a meta-analysis by Gud-
nadottir et al. [15], women with a microbial profile with

a low representation of lactobacilli had a higher risk of
preterm birth compared with women with a dominant
L. crispatus (OR 1.69; 95% Cl 1.15-2.49). Therefore, the
dominance of L. crispatus can be considered as a marker
of a microbial profile associated with a lower risk of cer-
tain adverse pregnancy outcomes, but not as a universal
prognostic indicator.

L. gasseri and L. jensenii are also capable of produc-
ing lactic acid and are involved in the maintenance of
colonization resistance. In contrast, L. iners has some
different biological properties and is often found in both
relatively stable and transient microbial states, in partic-
ular during the transition between a lactobacilli-domi-
nant profile and dysbiosis [6].

The uterine endometrium has long been considered
a sterile environment. However, with the development
of molecular genetic methods, data have emerged on
the possible presence of microbial signals in the upper
parts of the female reproductive tract [18, 19]. At the
same time, the endometrium belongs to low-biome en-
vironments, which significantly complicates the study of
its microbiome. The results may depend on the meth-
od of material collection, DNA extraction protocols, se-
quencing methods and control of contamination from
the lower parts of the reproductive tract or laboratory
reagents, so the question of the existence, stability and
exact composition of the endometrial microbiome re-
mains a subject of scientific debate [18-21]. According
to a number of studies, representatives of the Lacto-
bacillus, Gardnerella, Prevotella, Streptococcus, Staph-
ylococcus, Corynebacterium and other bacteria can be
detected in endometrial samples [18, 19]. At the same
time, the results of various studies on the prevalence of
certain taxa are not unambiguous. Some studies have
reported a higher abundance of Lactobacillus in endo-
metrial samples from women with more favorable re-
productive outcomes, while other studies have not con-
firmed the existence of a stable Lactobacillus-dominant
profile [18, 20, 21]. This discrepancy may be due to both
biological variability and methodological features of the
study of low-biome samples [18, 21].

Of particular interest is the possible association of
the endometrial microbiome with implantation process-
es and early stages of pregnancy. It is assumed that mi-
crobial components can interact with endometrial cells
and potentially influence the local immune response,
inflammatory processes, and other characteristics of
the endometrial microenvironment. At the same time,
current studies do not provide sufficient grounds for an
unambiguous conclusion about the direct causal effect
of a certain composition of the endometrial microbiome
on the success of implantation or pregnancy [18-21].

Consequently, compared with the relatively
well-studied vaginal microbiota, the endometrial micro-
biome requires further investigation using standardised
sampling methods, strict control of contamination and
modern metagenomic approaches [18, 21]. This is im-
portant for establishing the real contribution of microor-
ganisms of the upper reproductive tract to the processes
of fertility, implantation and early pregnancy develop-
ment.

Functioning of the vaginal microbiome and factors
determining its structure. The functional state of the
vaginal microbiome largely depends on the hormonal
status of a woman. Estrogens stimulate the proliferation
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of the vaginal epithelium and the accumulation of glyco-
gen in it, the metabolism of which creates conditions for
maintaining lactobacilli populations. Disruption of this
balance may be accompanied by a restructuring of the
microbial community and the development of dysbacte-
riosis [7, 8]. Vaginal dysbiosis is a condition characterized
by changes in the qualitative and quantitative composi-
tion of the microbial community of the urogenital tract,
in particular, a decrease in the number of Lactobacillus
and a simultaneous increase in the proportion of anaer-
obic and facultative anaerobic microorganisms. Among
the genera that are often detected under such condi-
tions are Gardnerella, Prevotella, Fannyhessea, Sneath-
ia, Megasphaera, Mobiluncus and other bacteria [9, 10,
15]. One of the most common clinical conditions asso-
ciated with a bacterial vaginosis. This is a polymicrobial
condition in which a complex bacterial biofilm can form,
which contributes to the stabilization of the dysbiotic
community and may be one of the factors for disease
recurrence [9, 10]. At the same time, the detection of a
certain taxon, in particular Gardnerella vaginalis, cannot
be considered by itself as a sufficient sign of a patho-
logical condition, since representatives of this genus can
also be detected in women without clinical manifesta-
tions of bacterial vaginosis [9]. The formation of a dysbi-
otic microbial community can potentially affect the state
of the female reproductive tract through several inter-
related mechanisms. These include changes in the ep-
ithelial barrier, impaired vaginal acidity, changes in the
local immune response, and possible ascending spread
of microorganisms to the upper reproductive tract [10,
15, 16]. That is why it is advisable to consider the vaginal
microbiome not only as a characteristic of the local state
of the vagina, but also as a potential component of gen-
eral reproductive health. The structure of the vaginal mi-
crobial community is formed under the influence of nu-
merous endogenous and exogenous factors. One of the
key regulators is the level of sex steroids. In the repro-
ductive age, estrogen stimulation contributes to main-
taining conditions favorable for the dominance of lacto-
bacilli, while a decrease in estrogen levels, particularly in
postmenopause, may be accompanied by a decrease in
their representation and an increase in vaginal pH [7, 8].
The menstrual cycle plays an equally important role. A
study by Krog et al. [7] found that during menstruation,
microbial diversity increases and the quantitative com-
position of lactobacilli decreases, after which a tendency
to restore a lactobacilli-dominant profile is observed in
the subsequent phases of the cycle [7]. Such dynamics
demonstrate that the vaginal microbiome is a structure
thatis constantly adapting to physiological changesin the
body. The composition of the vaginal microbiome can be
influenced by other factors, including sexual activity, the
use of antibacterial drugs, hormone therapy, pregnancy,
the use of contraceptives, features of intimate hygiene
and other biological and external factors [8, 10]. Sexual
activity and the number of sexual partners can affect the
state of the vaginal microbiome due to the translocation
of microorganisms between partners, a temporary shift
in pH, as well as the risk of infection with pathogens of
sexually transmitted infections (STIs) [8, 10]. A review by
Dubé-Zinatelli et al. [8] shows that the structure of the
vaginal microbiome is shaped by a complex of interrelat-
ed biological, hormonal, environmental, and behavioral

factors. This is characteristics cannot be reduced to the
action of only one factor [8].

The influence of the vaginal microenvironment on
the realization of reproductive potential. The revealed
patterns have caused considerable interest in the pos-
sible connection of the vaginal microbiome with the
realization of reproductive function. The reproductive
ability of a woman is a multifactorial characteristic that
depends on ovulatory function, oocyte quality, patency
of the fallopian tubes, endometrial condition, hormonal
and genetic status, as well as many other factors. Under
such conditions, the vaginal microbiome should be con-
sidered as one of the potential modulating factors that
can influence the reproductive microenvironment by
maintaining a local protective barrier and limiting infec-
tious and inflammatory processes [11, 17]. A systematic
review by de Souza et al. [11], which included 18 stud-
ies involving 2,011 women, showed that Lactobacillus
dominance was more common in fertile women, while
dysbiotic microbial profiles were more common in infer-
tile women [11]. However, these results cannot be inter-
preted as evidence of a direct causal effect of dysbiosis
on infertility. Reproductive disorders can be accompa-
nied by hormonal, metabolic and inflammatory chang-
es, which, in turn, can change the composition of the
vaginal microbiota. In this regard, Tomaiuolo et al. [17]
shows the need to clearly distinguish between correla-
tion and cause-and-effect relationships when analyzing
the role of the female reproductive tract microbiota in
the formation of infertility [11, 17]. A separate aspect of
this interaction is the possible influence of the vaginal
microbiota on spermatozoa. After ejaculation, sperma-
tozoa come into contact with the vaginal microenviron-
ment, so the properties of the microbial community can
potentially affect their viability, motility and agglutina-
tion. Zhang, Dai and Chen [22] have reviewed possible
mechanisms of interaction between lactobacilli and
other bacteria and sperm, including the potential im-
pact of bacterial adhesion on agglutination and motility
of male gametes. However, many of the proposed mech-
anisms require further experimental validation, and the
available data do not allow us to conclude that there is
a direct negative or positive regulation of female fertility
based solely on the number of vaginal lactobacilli.

The influence of the vaginal microbiome on re-
productive technologies. The issue of the relationship
between the microbiome and reproductive function in
the field of assisted reproductive technologies (ART) is
of particular importance. During in vitro fertilization, the
outcome of treatment depends on a number of sequen-
tial stages, including oocyte maturation, fertilization,
embryo development, its transfer and implantation,
therefore, changes in the reproductive microenviron-
ment can potentially be associated with the results of
individual stages of infertility treatment.

In a systematic review by Rajani Dube and Subhran-
shu Sekhar Kar [14], data on the relationship between
the state of the urogenital microbiome and the results of
ART were analyzed. The authors note that the results of
individual studies are contradictory, and the conclusions
depend on the methods of assessing the microbiome
and the characteristics of the studied populations. At
the same time, the accumulated data indicate a possible
relationship between the characteristics of endometrial
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microbial communities and the effectiveness of infertil-
ity treatment.

A larger systematic review and meta-analysis by Mak-
simovic Celicanin et al. [12] included 25 studies including
6835 patients undergoing in vitro fertilization (IVF). The
prevalence of vaginal dysbiosis among the participants
was 19%. The presence of dysbiosis was associated with
anincreased risk of early pregnancy loss (RR 1.49; 95% ClI
1.15-1.94) and a lower clinical pregnancy rate (RR 0.82;
95% Cl 0.70—0.95). However, there was no statistically
significant effect on the rate of successful pregnancy.
Thus, vaginal dysbiosis may be associated with certain
IVF outcomes, but its prognostic value for the final out-
come of treatment remains poorly defined.

Similar findings were reported in a systematic review
and meta-analysis by Samama et al. [13] on the relation-
ship between the vaginal microbiome and the outcomes
of assisted reproduction (ART). The authors demonstrat-
ed an association between a more favorable microbial
profile and higher pregnancy and live birth rates, with a
significant presence of L. crispatus associated with more
favorable reproductive outcomes. However, the results
should be interpreted with consideration of the hetero-
geneity of studies, differences in microbiome analysis
methods, and the risk of bias. Therefore, the data ob-
tained confirm the promising potential of microbiome
profiling in reproductive medicine, but do not yet justify
its independent use for predicting ART outcomes [13,
14].

Vaginal microbiome and risk of gestational compli-
cations. Of particular interest is the possible association
of the vaginal microbiome with early pregnancy loss. In
a prospective study by Shahid et al. [23] of 24 pregnant
women, differences in the composition of the vaginal mi-
crobiota were found between participants with adverse
and favorable pregnancy outcomes. Women whose
pregnancies ended in miscarriage were more likely to
have microbial profiles associated with L. iners, whereas
women without an adverse outcome were more likely
to have a dominance of L. crispatus. However, the small
sample size significantly limits the possibility of extrap-
olating these results to the general population and does
not allow us to consider the differences found as evi-
dence for a causal effect of the microbiome on miscar-
riage.

Review by Gerede et al. [16], which included 44 stud-
ies, demonstrated an association between a decrease
in the number of lactobacilli, an increase in microbial
diversity and a number of pregnancy complications, in-
cluding pregnancy loss. The authors also draw attention
to the potentially protective role of L. crispatus and the
possible association of individual dysbiotic taxa with
adverse pregnancy outcomes. However, heterogeneity
of studies and differences in the definition of microbi-
al profiles limit the possibility of formulating universal
prognostic criteria. The relationship of the vaginal micro-
biome to preterm birth is still being actively investigated.
Meta-analysis by Gudnadottir et al. [15], women with a
low representation of lactobacilli had an increased risk
of preterm birth compared with women with a domi-
nance of L. crispatus. Potential mechanisms may be the
ascending spread of microorganisms and the activation
of local inflammatory reactions. Bacteria characteristic
of dysbiotic microbial profiles may interact with epithe-
lial cells and components of the innate immune system,

potentially contributing to the formation of a pro-inflam-
matory microenvironment [15, 16]. However, preterm
birth has a multifactorial etiology, so the presence of a
dysbiotic profile does not mean that the development of
this complication is inevitable.

The relationship between the vaginal microbiome
and sexually transmitted infections. Another important
pathway through which the microbiome may indirectly
influence reproductive function is its interaction with
sexually transmitted infections (STls), including infec-
tions caused by Chlamydia trachomatis, Neisseria gon-
orrhoeae, Mycoplasma genitalium, Trichomonas vagina-
lis, and human papillomavirus. A lactobacillus-dominant
microbiota may create unfavorable conditions for the
colonization and proliferation of a number of potential-
ly pathogenic microorganisms, while dysbiotic profiles
may be associated with increased susceptibility to cer-
tain infections [4, 6, 9, 10, 15].

The interaction between the vaginal microbiota and
STls is bidirectional: the infectious process may alter the
local microbial environment, and features of the micro-
bial community may potentially modulate the conditions
for colonization and the course of infection [4, 24]. The
consequence of infectious and inflammatory processes
can be damage to the pelvic organs, and in some cases,
damage to the fallopian tubes and other changes that
can negatively affect reproductive potential. Therefore,
the vaginal microbiome can be considered as one of the
components of a complex system of factors that modu-
late the risk of infections and related reproductive dis-
orders.

New ways of studying the reproductive tract micro-
biome. Traditional culture methods allow the identifica-
tion of only a part of microorganisms and have limita-
tions in assessing complex polymicrobial communities.
In contrast, sequencing of the 16S rRNA gene allows de-
termining the bacterial composition of the sample and
assessing the relative representation of individual taxa
[4, 5]. Shotgun metagenomic sequencing has broader
capabilities, as it allows studying not only the taxonomic
structure, but also the potential functional genetic po-
tential of the microbial community [4, 5]. Further combi-
nation of metagenomics with metatranscriptomics and
metabolomics opens up the possibility of assessing the
functional activity of microorganisms and the composi-
tion of their metabolic products.

However, the results of microbiome studies may sig-
nificantly depend on the method of sampling biological
material, the phase of the menstrual cycle, the meth-
od of storing samples, the DNA extraction protocol, and
the features of bioinformatic analysis [7, 24]. Contam-
ination control is particularly important when studying
low-biome samples, particularly endometrial material
[18, 21]. Therefore, comparison of results from different
studies requires caution, and standardization of meth-
odological approaches is a necessary prerequisite for the
widespread implementation of microbiome profiling in
clinical practice.

The accumulation of data on the relationship be-
tween microbial composition and reproductive out-
comes creates the prerequisites for considering the vagi-
nal microbiome as a potential biomarker of reproductive
health. A particularly promising characteristic is the
dominance of L. crispatus, which has been associated
with more favorable reproductive outcomes in a number
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of studies [12, 15]. At the same time, the characteriza-
tion of the microbiome by a single species is insufficient.
A potential prognostic test should take into account the
taxonomic composition of the community, the relative
representation of individual microorganisms, their func-
tional properties, and the stability of the microbial pro-
file over time.

The dynamics of the vaginal microbiota are also sup-
ported by the results of a randomized study by Jepsen et
al. [25]. In it, spontaneous improvement of the unfavor-
able microbial profile was observed in 34.2% of partici-
pants within one to three months.

Conclusions.

Consequently, current evidence suggests that the
vaginal microbiome is a dynamic ecosystem, the state of
which depends on the species composition of microor-
ganisms, hormonal status and a number of external and
internal factors, and the dominance of certain Lactoba-
cillus representatives, in particular L. crispatus, is associ-
ated with a more stable microenvironment and a lower
risk of certain reproductive complications. The identified
relationships between dysbiotic changes and infertility,
early pregnancy loss, preterm birth and the results of as-

sisted reproductive technologies indicate the prospects
for using the characteristics of the vaginal microbiome
to assess reproductive health and predict certain ad-
verse outcomes. At the same time, the available data
mainly demonstrate associative relationships, and the
causal nature of these interactions, the optimal criteria
for microbiome profiling, and the clinical effectiveness
of microbiome-oriented interventions require further
confirmation in standardized prospective and random-
ized studies.

Prospects for further research.

Prospects for further research consist in an in-depth
study of the relationships between the species compo-
sition and functional activity of the vaginal microbiome
and indicators of women’s reproductive health, in partic-
ular fertility, pregnancy outcome, and the results of as-
sisted reproductive technologies. It is planned to study
the peculiarities of the dynamics of the vaginal micro-
biome depending on hormonal status, menstrual cycle,
and other factors, as well as to assess the prospects for
using microbiome markers to predict reproductive out-
comes and develop personalized approaches to correct
dysbiotic conditions.
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CKNAZ BATHA/IbBHOTO MIKPOBIOMY TA AOrO BMJINB HA PEMPOAYKTUBHY GYHKLIIO Y KIHOK

LWy6a C. C., CigaweHko O. I.

Pestome. BariHanbHW MiKpobiom € CKAaZHO Ta AMHAMIYHOK MIKPOBHOK EKOCUMCTEMOLO KIHOYOro PenpoayK-
TUBHOIO TPAKTY, AKA Bifirpa€e BaxK/MBY pPo/b Y NiATPMMaHHI JIOKaIbHOrO roMeocTasy, 3aXMCTi CIM30BMX 060/I0HOK
Bi, KONOHI3aL,ii NOTEHLMHO NAaTOreHHUMM MiKpoopraHiamamu Ta GopmyBaHHI CMPUATIMBOrO cepeaoBMLLa ANA pe-
NPOAYKTUBHMX NMPOLECIB. Y }KiHOK penpoayKTMBHOIO BiKy BariHa/ibHa MiKpobHa CnifibHOTa NepPeBarKHO XapaKTepu-
3y€ETbCA AOMiIHYBAHHAM MNpeacTaBHUKIB poay Lactobacillus, cepen sknx ocobnanse 3HaYeHHA matoTb Lactobacillus
crispatus, L. gasseri, L. iners Ta L. jensenii. MopylweHHs cTabinbHOCTI MiKpOHOHOro CKNaay, Wo CYNPOBOAMKYETLCA 3HU-
YKEHHAM NpeAcTaBAeHOCTI NakTobaum i 36iNblEeHHAM YacTKM aHaepobHUX MiKPOOpraHi3miB, PO3ra4aETbCa AK Ba-
riHaNbHWM aMcbios Ta moxke ByTV NoB’A3aHe 3 HU3KOK HECMPUATINMBUX HACNiAKIB ANA PENPOAYKTUBHOIO 340POB’A.

Y cTaTTi y3aranbHEHO pPe3ynbTaTh Cy4acHUX AOCIAKEHb, NPUCBAYEHUX B3aEMOAi BariHa/bHOT MiKpob6ioTu 3 pe-
NPOAYKTUBHOK CUCTEMOLD. BCTaHOBNEHO, L0 NepeBayKaHHA L. crispatus YacTilwe acoLitoeTbes 3i cTabilbHUM KuUc-
IMM MiKpocepeaoBULLEM Ta CMPUATAUBILLMMU YMOBAMU ANA NIATPUMAHHA MIKPOOHOro romeocTtasy, Toai fK guc-
6ioTMYHI Npodini xapakTepmnsyoTbcA NiABULLEHON NpeacTaBaeHicTio Gardnerella, Atopobium, Prevotella, Sneathia,
Megasphaera Ta iHWKWX aHaepobHUX MiKpoopraHiamiB. MoKasaHo, WO CTPYKTypa BariHa/sibHOrO Mikpobiomy moxke
3MiHIOBATMCA 3a/1€XKHO Bifl TOPMOHANbHOIO CTaTyCy, $a3n MEHCTPYaNbHOTO LMKAY, BariTHOCTI, BUKOPUCTAHHA KOH-
TpaLenTuBiB, aHTMOaKTepiaNbHOI Tepanii Ta iHWKMX 6iONOFYHMX i 30BHIWHIX YNHHWMKIB. Y3arasbHEHHA pe3y/bTaTiB
[OCNiAXeHb CBiAYMTbL NPO acoujiauito ANCHIOTUYHMX 3MiH i3 KiHoYMM 6e3nnigaam, paHHbOK BTPATOK BariTHOCTI,
nepeaYacHUMM NOJIOraMM Ta OKPEMUMM HECTIPUATAMBUMMU PE3YNbTAaTaMM AOMOMIXKHUX PENPOAYKTUBHUX TEXHO-
norii. BogHo4ac posib OKPeEMUX MiKPOOpPraHi3miB, 30Kpema L. iners, 3aNMLWIAETbCA HEOAHO3HAYHO, a HasiBHI AaHi
nepeBaXHO AEMOHCTPYIOTb acOL,iaTMBHI B3AEMO3B’A3KM Ta HE Aat0Tb 3MOMM OAHO3HAYHO BCTAHOBUTU NPUYNHHO-Ha-
CNiAKOBi MmexaHismu. MepcnekTUBHUM HanpPAMOM € BUKOPUCTAHHA XapaKTEPUCTUK BariHaibHOrO Mikpobiomy siK no-
TeHLiMHNX BiomapKepiB penpoayKTUBHOrO 340P0OB’A Ta NPOrHO3yBaHHA Pe3y/bTaTiB PeNPOAYKTUBHOIO NiKYBaHHSA.
OTpuMaHi gaHi cBig4aTb NPO BaxK/MBe 3HAYEHHA BariHalbHOrO MiKpobiomy A5 NiATPUMAHHA PenpoAyKTUBHOTO
romeocTasy Ta 06rpyHTOBYHOTb HEOBXiAHICTb MOAANbWMNX NPOCNEKTUBHUX i PAHAO0MI30BaHUX AOCAIAXKEHD ANSA YTOY-
HEHHS NPUYMHHO-HACNIAKOBUX MEXaHi3MiB, BU3HauYeHHA Halbinbll iHGOPMATUBHUX MIKPOBIOMHUMX MapKepiB Ta
po3pobsieHHsA NepcoHani3oBaHMX NiAXOAIB A0 KOpeKL,ii AUCOIOTUYHNX NOPYLIEHD.

KnrouoBsi cnosa: BariHanbHUIM Mikpobiom, Lactobacillus, mikpobiom eHgoMeTpito, AMCHi03, penpoayKTUBHE 340-
POB’A XKiHOK.

COMPOSITION OF THE VAGINAL MICROBIOME AND ITS EFFECT ON REPRODUCTIVE FUNCTION IN WOMEN

Shuba S. S., Sidashenko O. I.

Abstract. The vaginal microbiome is a complex and dynamic microbial ecosystem of the female reproductive
tract, which plays an important role in maintaining local homeostasis, protecting the mucous membranes from
colonization by potentially pathogenic microorganisms, and forming a favorable environment for reproductive pro-
cesses. In women of reproductive age, the vaginal microbial community is mainly characterized by the dominance
of representatives of the genus Lactobacillus, among which Lactobacillus crispatus, L. gasseri, L. iners and L. jensenii
are of particular importance. Disruption of the stability of the microbial composition, accompanied by a decrease in
the representation of lactobacilli and an increase in the proportion of anaerobic microorganisms, is considered as
vaginal dysbiosis and may be associated with a number of adverse consequences for reproductive health.

The article summarizes the results of modern studies on the interaction of the vaginal microbiota with the repro-
ductive system. It was found that the predominance of L. crispatus is more often associated with a stable acidic mi-
croenvironment and more favorable conditions for maintaining microbial homeostasis, while dysbiotic profiles are
characterized by an increased representation of Gardnerella, Atopobium, Prevotella, Sneathia, Megasphaera and
other anaerobic microorganisms. It was shown that the structure of the vaginal microbiome can change depending
on hormonal status, phase of the menstrual cycle, pregnancy, use of contraceptives, antibacterial therapy and other
biological and external factors. The generalization of the research results indicates an association of dysbiotic chang-
es with female infertility, early pregnancy loss, preterm birth and some adverse outcomes of assisted reproductive
technologies. At the same time, the role of individual microorganisms, in particular L. iners, remains ambiguous,
and the available data mainly demonstrate associative relationships and do not allow us to unambiguously establish
causal mechanisms. A promising direction is the use of vaginal microbiome characteristics as potential biomarkers
of reproductive health and predicting the results of reproductive treatment. The data obtained indicate the impor-
tance of the vaginal microbiome for maintaining reproductive homeostasis and justify the need for further prospec-
tive and randomized studies to clarify causal mechanisms, identify the most informative microbiome markers and
develop personalized approaches to correct dysbiotic disorders.

Key words: vaginal microbiome, Lactobacillus, endometrial microbiome, dysbiosis, reproductive health.
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PEAOKC-IMYHHI MEXAHI3MW PEMOE/NTIOBAHHA Al'IbBI.E_OI'IﬂIzHO'I' KICTKU
NPU TEHEPANNI3OBAHOMY NMAPOAOHTUTI 3A YMOB TUPEOIAHOI ANCOYHKLII:
CYYACHI NATOTEHETUYHI AKUEHTH

TepHoONiNbCbKUA HALiOHANbHUA MeaUUYHUIA YHiBepcuTeT imeHi l. f. fop6auyeBcbkoro MO3 YkpaiHu
(m. TepHoORinb, YKpaiHa)
yakymchuk_asp@tdmu.edu.ua

leHepanizosaHuli napodoHMuUmM € XPOHIYHUM iMYyHO3aMNaaAbHUM 30X80PHOBAHHAM, 30 AKO20 J/OKAAbHA
8i0noeidb Ha MikpobHy bionnieKy MpPAHChOPMyeEMbCA y Cmilike YWKOOHEHHS COAYYHOI MKAHUHU ma pe3opbyito
a168€0/1APHOI Kicmku. TupeoidHa OUCGYHKYia Moxe 3MiHI08aMU iHMEeHCUBHICMb Lux npouyecie Yyepes 8raue Ha
cucmemHuli memabosniam, pedoKc-eoMeocmas, UUMmoKiHosy 8i0nosiob i Kicmkose pemolentosaHHA. Mema —
y302aabHUMU Cy4acHi OaHi Wo0o posi OKCUOAMUBHO20 Cmpecy ma 0CmeoiMyHHUX MEXAHI3Mi8 K nomeHuyiliHo2o
namozeHemMu4Ho20 38’A3Ky MiXC mupeoiOHO OUuCyHKUieo i eeHepanizosaHum napodoHmumom. [lposedeHo
cucmemamu3o8aHuli HapamueHul aHani3 peyeH308aHUX nybaikayili 2020-2026 pokis, npuces4yeHUX rnamoaeHesy
napodoHmumy, mupeoioHil peaynauyii KicmKogoi MKAHUHU, OKUCHO-8I0HOBHUM MexaHiamam, cucmemi RANK/
RANKL/OPG, y4umoKiHaGmM ma KaAiHiYHUM acouyiayiam mupeoidHoi namosoeii 3 napoo0oHmMaAsn6HUM CMAmycom.
CyKkynHicms OaHUX €8i0YUMb, WO HAOAUWKOB8A 2eHepauisi aKMueHUX OPM KUCHIO rpu napodoOHMAsns6HOMY
3ananeHHi akmusye NF-kB, MAPK ma iHwi pedoKc-4ymausi wiasxu, nocumtoe npodykuiro IL-16, IL-6 i TNF-a,
MampUKCHUX memasnonpomeiHas ma ocmeoKknacmozeHe3. TupeoioHi 2opmoHU i mupeomporniH 600amKo8o
enausaromes Ha 0bopom KiCmKo8oi MKAHUHU, ocmeozeHHy OughepeHyiayito KaimuH nepio0oHManeHoi 36’A3KuU
ma memabosniyHy aGKmMueHiCmb IMyHHUX KaimuH. EKcriepumeHmansHi pobomu 0emMOoHCMpyrome supaxceHiwul
yumockiHosuli AucbanaHc i OecmpyKyito CrnoayYyHOi MKAHUHU rpu MOEOHAHHI napodoHmumy 3 einep- abo
einomupeosom, a memaaHanizu 2024-2025 pokie nidmeepoxcyrome 2ipwi NapodoHmMasbHi MOKA3HUKU Y NauieHmie
i3 mupeoiOHUMU 3aX80PHBAHHAMU. PedoKc-imyHHa ducpeaynayisa € 6iono2iyHo 06rpyHMo8aHUM MeXAHI3MOM, Yepe3
AKUU mupeoidHuli cmamyc moxce modugikysamu nepebie eeHepaniz08aHoO20 NApPoOOHMUMY, 00HAK HAABHI KAiHIYHI
O0aHi nepesaxHo acouyiamusHi U nompebyroms nidmeepoOHeHHA NPOCIeKMUBHUMU Ma eKcrnepuMeHmManbHUMU
00cnidHeHHAMU.

Knrouoei cnosa: eceHepanizosaHuli napodoHmMum, mupeoioHa oucgyHKyis, okcudamueHuli cmpec, RANKL/OPG,
a/168€0/1APHA KiCMKQ.

3B’A30K nyb6aikauii 3 nnraHOBMMM HayKOBO-AOCAIA-
HUMU poboTamu.

PoboTa € pparmeHTOM NNaHOBOI HAYKOBO-A0CAIAHOI
poboTn Kadeapu guTavoi cTomatosorii TepHONiNbCbKO-
ro HalioOHAaNbHOrO MegMYHOro yHisepcutety imeHi . A.
lopbaueBcbkoro MO3 YKpaiHn «YOOCKOHaneHHA NiKy-
BaHHA Ta NPodiNaKkTUKM 3axBOptOBaHb 3ybiB i NapoaoH-
Ta B 0Ci6 pi3HOro BiKy Ta COMATUYHOrO CTaHy» (Homep
JAeprkaBHOI peecTpauii 0123U100066).

Bcryn.

CyyacHe po3yMiHHA reHepani3oBaHOro NapoaoHTUTY
BMILLNO JaNeKO 33 MeXKi YABNEHHA NPO JI0Ka/ibHY 6aK-
TepianbHy iHdeKuito. MikpobHa bionniBka 3a/1MWaETbCA
HeobXiAHMM MYCKOBMM YMHHUKOM, OAHAK CTYMiHb pyW-
HYBaHHA TKAHWH BU3HAYaETbCA XapaKTepPOM i TPMBaNICTIO
BigNOBiAI opraHiamy rocnogapa. XpoHidyHa aKTuBaLiA
BPOAKEHOI Ta aAanTMBHOI iIMYHHOI CUCTEMU MiATPUMYE
NPOAYKLi0 Npo3ananbHUX MeZiaTopiB, MPOTEONITUYHMX
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