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ABSTRACT. The article examines the taxonomic diversity of microorganisms in the
vaginal biotope during infertility. It has been shown that the occurrence of representatives
of the Lactobacillaceaye family varies from 16% to 88% in the vaginal biotope. Among the
representatives of the family, L. jensenii, L. delbruyeckii, and L. amylolyticus of the
Lactobacillus genus predominated. Moraxella spp. was found in large quantities in all
samples, M. osloyensis was the leader among representatives of the entire community. It
has been established that in infertility, the number of representatives of the Lactobacillus
genus in the vaginal microbiota significantly decreases, which contributes to the excessive
reproduction of conditionally pathogenic microorganisms, in particular M. osloyensis.
KEY WORDS: vaginal microbiota; metagenomic sequence; L. feminine; M. osloyensis;
infertility.

OIHEHKA TAKCOHOMMUYECKOI'O PASHOOBPA3UA MUKPOOPI'AHU3MOB
ITPU BECILJIOAUN

¥Y3akoBa C. X., AcpanoBa /I. V.
Anoudicanckuii mexHuKym oouecmeeHHo20 30pasdooxXpaneHus
umenu A6y Anu ubn Cunol
Kageopa oowenpogheccuonanvnvix oucyunium
Anouorcan, Yzoexucman.

AHHOTAIUSA. B cmamve paccmampusaemcs maKCOHOMUYECKOE pa3HooOpasue
MUKDPOOP2AHUBMO8 8 6ACUHANLHOM Ouomone 60 8pems 6ecnaoous. Ilokazano, umo 6
8a2UHATLHOM Ouomone scmpeuaemocms npedcmasumeneti cemericmea Lactobacillaceaye
sapvupyem om 16 0o 88%. Cpedu npeocmasumeneu cemeiicmea npeobnadanu L. jensenii,
L. delbruyeckii u L. amylolyticus pooa Lactobacillus. Moraxella spp. 6vinia obnapysicena 6
bonvuux Koauvecmeax 6o ecex oopasyax, M. osloyensis Ovi1 udepom cpeou
npeocmasumeneli 6ce2o coobwecmea. Ycmanosneno, umo npu 6ecnioouu Koauuecmeo
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npeocmasumeneti pooa Lactobacillus 6 eacumnanvHoti muxpobuome 3HAUUMENLHO

Yymernvuiaemcs, 4¥mo cnoco6cm6yem M36blm0'-lH0.My PASMHROINCEHUIO YCIIOBHO-NANIOCEHHbLX

MUKPOOp2aHu3mos, 8 uacmuocmu M. osloyensis.

KJIIOUYEBBIE CJIOBA: gacunanvnas mukpoouoma, memazeHomuueckas cekeenyus, JI.

arceHcmeennblil;, M. osloyensis; becniooue.

Relevance. The question of the
participation of microorganisms,
especially commensal and mutualistic
ones, in the development of infertility has
not yet been resolved. If the participation
of such sexually transmitted infectious
agents as Chlamydia trachomatis and
Neisseria gonorrhoeae in the pathogenesis
of this disease has been described in
sufficient detail [7], then many other
microorganisms still remain in the field of
scientific interest. Recent studies have
shown a connection between
conditionally pathogenic microorganisms
(CPM) from the lower parts of the female
genital tract and unfavorable pregnancy
outcomes after both natural and artificial
fertilization [8]. Moreover, it is noted that
UPM during genital tract colonization
typically does not cause typical
symptoms of the inflammatory process,
especially when localized in its upper
parts [9].

There is also no unambiguous
attitude towards BV as a causal factor of
infertility [10]. BV refers to syndromes
with a polymicrobial etiology, when a
localized pro-inflammatory
microenvironment is created with a
decrease in the number of projective
lactobacilli and an excessive growth of
anaerobic UPM [11, 12]. Such disorders
in the vaginal biotope provide conditions
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that facilitate the upward dissemination of
microorganisms, which ultimately can
lead to tubal infertility [2,3]. Moreover,
the development of pregnancy against the
background of BV is accompanied by
clinical disorders, up to its termination
[4].

The purpose of the study is to
assess the taxonomic diversity of
microorganisms in the vaginal biotope
during infertility.

Materials and methods. For the
study, samples of vaginal contents
obtained from the posterior arch using a
Folkman measuring spoon from 15
women in infertile marriages were used.
Metagenome study of 16S ribosomal
RNA samples was carried out on the
[llumina MiSeq platform using the MiSeq
Reagent Kits v3 (600-Cycle Kit) set
according to manufacturer's
recommendations. The libraries for
sequencing the VV3-V4 regions of the 16S
ribosomal RNA gene were prepared
according to the 16S Metagenomic
Sequencing Library Preparation Illumina.
During bioinformational assessment, we
used Kraken Metagenomics version 2.0.0
(classifier of short nucleotide sequences)
software for metagenomic analysis, using
a standard database [1,5,7].

Research results. In the vaginal
biotope of women with infertility,
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predominantly  bacterial taxa were
registered, the proportion of which in the
total mass was 49-99% (83.9+16.02).
Genetic markers of Lactobacillaceae
bacteria were found in 12-84%
(41.9£17.99) of samples, and in half of
the cases, their content did not exceed
30% of the total bacterial mass. Among
the representatives of the family, the
leading position was occupied by the
genus Lactobacillus, dominated by L.
jensenii, L. delbrueckii, and L.
amylolyticus. In isolated cases, the
number of microorganisms of the
Lactobacillus and Enterococcus genera
was comparable. L. crispatus and L.
gasseri were found in a number of
samples, but their share in the genetic
material was minimal. Contrary to
expectations, L. iners was not detected in
any patient.

The leading participants in the
etiology of BV - Gardnerella vaginalis -
were registered in almost all samples, but
their proportion, as a rule, did not exceed
1%. Another causative agent of BV -
Atopobium vaginae - was not detected in
any sample, however, A. parvulum was
present in 12 of them, also in insignificant

quantities.

Notably, the specific content of
anaerobic  bacteria - typical BV
associants: Actinomyces spp.,

Peptoniphilus spp., Prevotella spp.,
Bacteroides spp., Fusobacterium spp. and
Mobiluncus curtisii - in the vaginal
microbiota of infertile women turned out
to be minimal.
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An unexpected finding for the
vaginal biotope was the discovery of a
large amount of Moraxella spp genetic
material. In all samples, M. osloensis
occupied a leading position among
representatives of the entire community.

Thus, in half of the cases, the
combined presence of M. osloensis and
G. vaginalis was detected, with the first
symbiont predominating, and the number
of gardnerelles constituting about 10% of
the bacterial mass. In one-third of such
cases, Enterococcus faecalis was present
(8-15%). In addition, M. osloensis was
more often detected in samples, when L.
jensenii  was the leader among
lactobacilli. In one case, 20% of the
genetic material was represented by the
Bifidobacterium longum genome in
combination with M. osloensis (19%).

The proportion of
Staphylococcaceae family
microorganisms in the vaginal microbiota
in only 1 case was 0.5%, in the rest, trace
amounts were found, while genome
variants from the Staphylococcus genus
predominated.

S. aureus genetic markers were
found in all samples, however, in 3 cases,
their number occupied the 2nd ranking
position, giving way to the 1st place to S.
haemolyticus. These bacteria were almost
always found in association with each
other. Similarly, a sparse representation is
characteristic of the Enterobacteriaceae
family. Only in 2 cases did their
proportion in the total microbial mass
reach 0.8%. In all samples, genomes of
Escherichia coli, Klebsiella spp., and the
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Enterobacter cloacae complex were
found. In 9 cases, E. coli led, in 3 -
Klebsiella spp., and in another 3 cases,
these genomes were identified in
comparable quantities. In 12 samples, the
genomes of microorganisms of the genus
Citrobacter were found, but their number
was insignificant.

Discussion. One of the reasons for
decreased fertility is recognized as having
undergone specific urogenital infections.
As our research results have shown, in
infertility, noticeable changes in the
composition of the vaginal biotope are
also  observed: the number of
lactobacteria  decreases, the  most
beneficial species with pronounced
antagonistic activity - L. crispatus and L.
gasseri - are practically eliminated, and
the spectrum of other microorganisms,
primarily UPM, also expands. Often, such
events occur unnoticed by the patient.
Previously, it was shown that
predisposition to specific infectious-
inflammatory processes in the genital
tract is associated with excessive growth
of bacteria, primarily associated with BV,
from the genera Gardnerella, Atopobium,
Prevotella, Bacteroides,
Peptostreptococcus, Mobiluncus,
Sneathia, Leptotrichia, Mycoplasma, and
the order Clostridiales [6].

However, in this study, most of
them were found, but only in minimal
guantities.

With  noticeable  persistence,
fragments of the M. osloensis
coccobasilla genome were detected,
which proved quite unexpected, as these
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bacteria are part of the respiratory
microflora and belong to opportunistic
microorganisms,  although there s
information about their detection in
various inflammatory processes,
including vaginitis [12]. In most cases, it
is mentioned that patients infected with
M. osloensis were immune-compromised.
It has been described that the main
metabolite of these bacteria - 4-methyl-3-
hexenoic acid - participates in the
formation of persistent unpleasant odors
[1, 8]. Among the pathogenic factors of
M. osloensis, the production of exotoxin
has been described, the accumulation of
which requires long-term persistence of
the  microorganism, as well as
lipopolysaccharides, fimbria, and the
participation of capsules and some
adhesins [2].

When describing lactobacilli as the
main  participants in the vaginal
microbiota, the main attention is paid to
L. crispatus, which in this study were
found in only one-third of the samples
and in small quantities. The leading
position belonged to L. jensenii, which is
capable of producing a biosurfactant with
antimicrobial activity against E. coli and
Candida albicans and anti-adhesive action
against E. coli, S. saprophyticus, and
Enterobacter aerogenes [3]. There are no
such data regarding moracilli. It has been
shown that L. jensenii is an active
producer of hydrogen peroxide [4],
however, there is information that the
antimicrobial activity of lactobacilli is
largely determined by lactic acid and
bacteriocins [9]. Moreover, the same
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species also produces peroxidase, which
neutralizes the effect of peroxide [12].

Additionally, L. jensenii is
characterized by higher activity of D-
lactate dehydrogenase, which participates
in the production of the D-optical isomer
of lactic acid [10], for which
antimicrobial activity is less characteristic
than for the L-isomer. Despite L.
jensenii's quite convincing
immunomodulatory effects [12], this
species' participation in the development
of several inflammatory diseases has been
described [11].

In general, it can be assumed that
during the development of infertility, a
decrease in the number of lactobacilli and
a change in their leading species occur. In
the case of replacement with L. jensenii,
it is possible to expect the manifestation
of antagonistic properties in relation to a
number of PPMs, including the main
causative agents of BV, however, due to
their small number and changes in
functional activity, the effectiveness of
the lactoflora effect decreases, and

microorganisms such as M. osloensis can
successfully persist in the vaginal
biotope.

In this case, gradual colonization
of the upper parts of the genital tract is
possible, which leads to reproductive
problems.

Conclusions. In the women
included in the study with infertility,
asymptomatic dysbiotic processes were
observed, characterized by a number of
features. In vaginal microbiota, the
number of representatives of the
Lactobacillus genus significantly
decreases. Among the latter, L. jensenii
dominates, whose functional activity does
not fully ensure the colonization
resistance of the vaginal biotope,
allowing excessive reproduction of the
vaginal biotope, in particular M.
osloensis. Observed persistent disorders
in the vaginal microbiota, combined with
changes in local immune reactivity, can
cause decreased fertility, and in acute
cases, loss of reproductive function.
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