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ABSTRACT

Bacterial vaginosis (BV) is one of the most common vaginal microbiome abnormalities worldwide and a risk factor for various
obstetric and gynecological complications.

Despite years of exploration, existing and quickly emerging clinical, laboratory and instrumental diagnostic methods, and
progressive development of science in general, the etiology and pathogenesis of BV remain poorly understood. This is evidenced
by the high incidence of chronic and/or recurrent course. There are standard therapeutic approaches aimed to eradicating the
causative agent, but the level of efficacy remains questionable due to recurrent episodes. Therefore, further studies of this
problem are warranted. Actually, it is evident that G. vaginalis forms polymicrobial biofilms on urogenital tract mucosa.
Biofilms represent associations of microorganisms that are adhered to the surface of the epithelium and connected together
in the polymer matrix. Biofilms change the properties of the microorganisms involved into their structural frame and provide
beneficial conditions for their interactions. This results in the increase of the existing pathogenic properties of bacteria
associated with BV, as well as in the appearance of new features. Thus, the microorganisms become less susceptible to
previously effective antibiotics and to aggressive media. Finally, this contributes to the recurrent course of the disease.

In most cases, treatment of BV is based on the immediate effect on the microorganisms, but in patients with confirmed
biofilm-associated BV this strategy is not effective and is associated with BV recurrences. Thus, currently relevant issues
include exploration of the causes of recurrent BV, development of anti-biofilm agents able to disrupt their matrix and release
bacteria from their carcass, and introduction of these agents into clinical practice. This will increase the effectiveness of
treatment.
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buonneHku GaKTepuaanoro BaruHo3a — MULLEHDb
ANA TepaneBTUYECKOro HoOBaToOpCTBa

K.A. Pocconosckas, H.C. TpudoHosa, U.B. lapaesa, J1.I'. CnnBak

MepBbit MocKOBCKUI rocyAapCTBEHHBIN MeAMUMHCKUA yHuBepcuTeT uM. .M. CeueHoBa, Mocksa, Poccus

AHHOTALMA

bakTepuanbHbIi BarMHO3 — OAMH M3 Haubonee pacmpoCTPaHEHHbIX BapWaHTOB HapyLUEHWs BarvHanbHOTO0 MMKpobuoma
BO BCEM Mupe. OH siBnsieTcs (akTopoM pucKa pasBuUTUS PasfIMUHbIX OCIOMHEHUI B aKYLLEPCKOW U TMHEKONIOrMYecKoH npaK-
TUKe.

HecMoTps Ha MHOroneTHee M3y4eHue 3TOTO CMHAPOMA, CYLUECTBYIOLUME M AWHAMWUYHO COBEPLUEHCTBYHOLUMECS KIIMHUKO-
nabopatopHble ¥ MHCTPYMEeHTasIbHble METObl AMArHOCTUKY, NPOrpeCcCUBHOE Pa3BUTUE HAYKM B LIESIOM, 3TMONIOMUA U naTore-
He3 BB [0 cux nop HepocTaTouHO M3ydeHbl. 06 3TOM CBULETENLCTBYET BbICOKAA YacToTa XPOHUYECKOTO U/MAM peLIMANBHUPY-
towero TeyeHus. CyLLecTBylOT cTaHAapTHbIe TepaneBTUMYECKWe NOAX0Abl, HampaBNeHHble Ha 3pafMKaLyMIo 3TUONOMNYECKOr0
areHTa, 0[jHaKo ypoBeHb IQPEKTUBHOCTM OCTAETCH COMHUTENbHBIM U3-3a NMOBTOPSIOLLMXCA 3MU30/0B, 4TO TpebyeT fanbHeu-
LUero U3yyeHus AaHHoM npobneMbl. B HacToslee BpeMs LOCTOBEPHO YCTaHOBMEHO, YTo G. vaginalis dbopmupyeT Ha cnmam-
CTOI YPOreHMTaNbHOro TPaKTa NONMMUKPOOHbIE BUONNEHKM.

Buonnéxka npeacTtaenset coboi Koonepaumio MUKPOOPraHU3MOB, KOTOpbIE NMPUKPENSIEHb! K MOBEPXHOCTU 3NUTENIUA U CBA-
3aHbl MeXay coboin NosMMepHbIM MaTPUKCOM. BUONNEHKa OKa3bIBAET BAMAHME HA CBOWCTBA MUKPOOPraHM3MOB, BXOAALLMX
B €€ CTpYKTypy, obecneuusaeT ycnoBus Ans X B3aUMOZENCTBUSA. 3TO NPUBOAMT He TONBKO K YCUNIEHUIO Y3KE UMEIOLLMXCA
NaToreHHbIX CBOWACTB HaKTepuiA, acCCOLMMPOBAHHBIX C HaKTepuanbHbIM BarMHO30M, HO U K POPMMPOBaHMI0 HOBbIX XapaKTepu-
CTUK, bnarofiaps KOTOpbIM MUKPOOPraHM3Mbl CTAHOBATCS B MEHbLLEH CTeneHu BOCMPUMMUMBLI K paHee 3dEKTUBHBIM aHTH-
baKTepuanbHbIM NpenaparaM U arpeccUBHLIM CPeAaM, YTO CNOCOBCTBYET peLMANBUPOBaHMIO.

B bonblwwuHCTBE cnyvaeB neyeHWe baKTepuanbHOr0 BarMHO3a OCYLUECTBASETCA MO MpSMOMY MeXaHW3My BO3[eMCTBUSA
Ha MMKPOOPraHu3Mbl, OfHAKO Y NaUMEHTOK C BepU(PUUMPOBAHHBIM BUONIEHOUHBIM BaKTepManbHbEIM BarMHO30M TaKas CTpa-
Terus HepesynbTaTMBHA, YTO NPMBOAMT K peLmanBaM. TakuM 00pa3oM, Ha CerofHALIHUIA LeHb OCTATCA aKTyasbHbIMU Auna-
THOCTWKa NpUYMH peLuamBmpytoLLero bakTepuanbHOro BarMHo3a, paspaboTka U BHEAPEHUE B KIIMHUYECKYH NMPaKTUKY aHTu-
BMOMNEHOYHBIX areHTOB, HaLENEHHbIX Ha pa3pyLUeHWe MaTpuUKca BUOMNEHKM U 0cBObOXEHUE M3 ero CTPYKTYpbI baKTepui,
YTO MO3BOJMT MOBLICUTL IPDEKTUBHOCTD JIEUEHNS.

KnioueBbie cnoBa: ﬁaKTepMaﬂbeIVI BarnHO3; 3TUONOrns; BMONNEHKK; NeyeHue.
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BACKGROUND

Bacterial vaginosis (BV) is one of the most common
gynecological conditions that does not directly affect a
woman'’s health, but significantly impairs her quality of life [1].
Complications in patients with BV can be both gynecological
(pelvic inflammatory disease, infertility of various origins, etc.)
and obstetric (in women with BV, rates of miscarriage and
preterm delivery are 3-5 and 2-7 fold higher, respectively,
depending on gestational age) [2—4]. These complications can
seriously affect women’s reproductive health and therefore
require attention of the medical community.

The global literature estimates the prevalence of BV in
the female population to be approximately 29%, or more
than 21 million diagnosed patients [5]. The prevalence of
BV varies by geographic region and ethnicity. For example,
a systematic review by Kenyon et al. [6] showed that the
highest BV prevalence was reported in some parts of Africa
(Botswana, Central African Republic, Gambia, Ghana, etc.),
while most countries in Asia and Europe had low levels of
the syndrome. A systematic review and meta-analysis by
Peebles et al. found both regional and racial differences in
the global prevalence of BV; rates of BV in African American
and Hispanic women (33% and 31%, respectively) are
significantly higher than in European (23%) and Asian (11%)
women [7]. BV is a serious issue for women of childbearing
age (23%-29%), which may affect the overall demographics,
as the health of this population is directly related to the birth
rate and the health of future generations [8]. In addition, the
incidence of chronic and/or recurrent BV is increasing and the
cost of diagnosis and treatment is a significant burden on the
global economy [4]. For example, a meta-analysis by Peebles
et al. [9] showed that annual cost burden of BV treatment is
high, at an estimated US $4.8 billion.

BV can present in various clinical forms; one in four
patients is asymptomatic, while symptomatic BV is often
accompanied by a homogeneous gray or grayish-white foul-
smelling (fishy odor) vaginal discharge, itching, burning, and
other vaginal discomfort [5, 10]. Diagnosis of BV includes
conventional modalities: vaginal pH, which is usually elevated
in BV; the amine test (addition of 10% potassium hydroxide
to vaginal discharge will produce a characteristic fishy odor);
microscopy to detect key cells relevant to BV; microbiology to
determine the composition of the microflora. New modalities
are also being used, such as polymerase chain reaction for
qualitative and quantitative assessment of vaginal bacterial
composition, biochemical or molecular biotyping, and high-
throughput sequencing, which provide a more comprehensive
picture of microbiome composition [11].

HISTORY OF BACTERIAL VAGINOSIS
RESEARCH

In practice, BV is usually characterized as a polymicrobial
non-inflammatory condition caused by the decreased
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proportion of Lactobacilli or their complete absence in the
vaginal microbiome and increased counts of obligate and
facultative anaerobic opportunistic pathogens [12]. The
vaginal microbiome is a complex, dynamic ecosystem that
fluctuates throughout a menstrual period and an entire
woman's life. Some authors report the bacterial count in
young women of childbearing age to be 10'°-10"" CFU/
mL [13]. The vaginal microbiome of a healthy woman is
maintained in homeostasis. However, exogenous and
endogenous factors may affect this balance. Endogenous
factors include alterations in hormone levels, a woman>s
age, weight, pregnancy, immune status, etc. Exogenous
factors include the use of antibacterial agents, genital/
extragenital infections, and inflammation [14]. Lactobacilli
are the main bacteria that maintain a stable and healthy
vaginal microbiocenosis. Albert Déoderlein [15] was the
first who discovered rod-shaped bacilli in the vagina and
cultured them in a nutrient broth. He also found that these
microorganisms are capable of producing lactic acid in
the vagina, making it acidic, and proposed the concept of
“vaginal acidity.”

The history of vaginal microbiome research dates back
to the mid-19th century, when clinicians noticed increasing
rates of obstetrical and gynecological conditions caused by
non-compliance with aseptic and antiseptic practice. The
clinical use of light microscopy allowed in-depth research
into the vaginal microflora composition and the search
for causes of infectious complications in women. The
identification of an etiologic agent and the development of a
taxonomic classification of microbes associated with BV have
been a challenge for many years due to the high selectivity
of Gardnerella vaginalis to growth media, its unique physical
and chemical structure and molecular architecture of the
cell wall, genome diversity, and unclear pathogenic factors.
For example, in 1953, Leopold published a study evaluating
cervical discharge and urine in women with cervicitis and
men with prostatitis, respectively. He detected a rod-shaped
bacterium, which he described as small, gram-negative,
non-motile, unencapsulated. Leopold could not identify the
species of this bacterium, but based on its morphological
characteristics, he proposed that it belonged to Haemophilus
[16]. The microorganism previously described by Leopold
was later discovered in 1955 by Gardner and Dukes [17] in
women with non-specific vaginitis. Due to its tropism for
blood-containing media, this rod-shaped bacterium was also
classified as a member of the genus Haemaphilus and named
Haemophilus vaginalis due to its location. Since then, the
condition associated with this pathogen has been classified
as Haemophilus vaginalis vaginitis.

The species identification for the microorganism described
by Leopold, Gardner, and Dukes has been the focus of
research for many scientists since the 1960s, as subsequent
studies provided conflicting results. In 1963, Zinnemann
and Turnerg proposed to classify Haemophilus vaginalis
as a member of the genus Corynebacterium and named it
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Corynebacterium vaginale [18]. The taxonomic classification
did not include the microorganism in Corynebacteria.
Gardnerella vaginalis, formerly known as Corynebacterium
vaginale and Haemophilus vaginalis, was named after
Hermann L. Gardner, who discovered and classified it as the
only member of the genus Gardnerella [19, 20]. Later, some
features of Gardnerella vaginalis were identified: it was a
gram-variable, pleomorphic, non-motile, non-sporeforming,
acapsular, aflagellar bacterium ranging from 0.4-1.5 ym
to 2-3 pm [21]. In addition, the size and morphology of
the cells vary significantly depending on growth conditions
and physiological status [22]. Due to the unique structure,
Gardnerella vaginalis has attracted not only clinicians but
also basic scientists, driving ongoing research in the field.
Electron microscopy revealed fimbriae on the Gardnerella
vaginalis surface. The fimbriae mediate adhesion to vaginal
epithelium in vivo and to desquamated epithelium, which are
the key cells [23]. Microscopy and cultivation of Gardnerella
vaginalis often found that its cells were often linked together,
which was explained by the production of exopolysaccharide
with bacteria binding its filaments together [24]. It is now
recognized that this is a biofilm consisting of microorganisms
bound by a polymer matrix [25].

BIOFILMS: PATHOGENESIS
OF BACTERIAL VAGINOSIS

Currently, biofilm-associated BV is detected in 90% of
patients [8]. Of note that this term, as well as the term “biofilm-
associated gardnerellosis” does not exist officially, but it is
proposed by some authors to clarify the etiopathogenesis
of the disease. Biofilms are a structured community of one
or more species embedded in a polymer matrix consisting
of proteins, carbohydrates, and nucleic acids [26, 27].
The biofilm concentration of some microbes can reach
10" CFU/mL [28]. The American researcher John William
Costerton described this phenomenon and introduced the
term “biofilm” [29]. The formation of biofilms is a complex,
stepwise, and dynamic process, as well as an effective
survival strategy of microorganisms under unfavorable
conditions [30]. Biofilm microorganisms are capable of
regulating the production of virulence factors through an
identified type of communication called quorum sensing.
The biofilm cycle includes three stages: adhesion to the
surface of the vaginal epithelium, secretion of the polymer
matrix, and aggregation of microbes on the surface of the
mature biofilm [27]. Biofilms have a higher tolerance to the
aggressive factors compared to free-living microorganisms
in the vaginal tract. This is possible due to the unique multi-
component biofilm structure and the layered organization
of microorganisms within the biofilm [31]. This structure
contributes to the impaired diffusion of antimicrobial
agents through the biofilm, reduced metabolic activity of
the cells, and the emergence of antibiotic-resistant bacteria
(32, 33].
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For a long time, the role of Gardnerella in the biofilm
formation was unclear: does Gardnerella vaginalis
trigger this process or does it support the matrix of the
biofilm formed by the association of bacteria? However,
current literature suggests that G. vaginalis is a major
colonizer that can provide a matrix for attachment of other
BV-associated microorganisms, thereby enabling the
formation of polymicrobial biofilms [27]. Some researchers,
such as Bonnardel et al. [34], linked the mechanism of
biofilm formation to bacterial lectins of Gardnerella, which
are tropic to glycosylated components of the mucosa, thus
forming a vaginal cell-Gardnerella complex. A study by
Martin reported a role of a collagen-binding protein produced
by Gardnerella, which may also contribute to the biofilm
formation and possibly immune evasion through interaction
with complement proteins [35]. In addition, regarding the
microbiological features of Gardnerella, its significant
adhesion to vaginal cells and ability to form biofilms confirm
the trigger role of Gardnerella in the colonization of the
vaginal epithelium, acting as a frame for the adherence of
other species. Modern molecular diagnostic modalities show
that G. vaginalis constitutes 60-90% of the biofilm. Other
common biofilm members include Sneathia sanguinegens,
Porphyromonas assaccharolytica, Megasphera spp. and the
difficult-to-culture Atopobium vaginae, which may comprise
up to 40% of the biofilm [5]. Their role in vaginal biofilm
formation and pathogenicity of G. vaginalis has not been
adequately evaluated [36]. Some studies reported that some,
but not all, types of vaginal microflora can participate in biofilm
formation and enhance G. vaginalis virulence [37]. Other
studies found that microorganisms other than G. vaginalis
may increase total biofilm biovolume [38]. Therefore, biofilm
formation and development depend on both the triggering
effect of Gardnerella and other vaginal microorganisms
that form a kind of social network and thereby regulate the
pathogenetic process of biofilm-associated BV. As a result,
BV involves a complex interaction between opportunistic
pathogens, endogenous vaginal microbiota, and the vaginal
epithelium [39].

The main biofilm component is an extracellular
polysaccharide matrix (exopolysaccharide), which
constitutes 85% of its volume [25]. The matrix is produced
by, and is composed of, the bacteria associated with BV,
and it organizes the biofilm structurally and protects it from
physical, chemical, and immune factors [40-42]. Nowadays,
biofilms are thought to contribute to recurrent BV, although
the term “recurrent BV” does not currently have a generally
accepted definition [41]. There is no classification of BV in the
relevant clinical guidelines published in 2022. The literature
describes recurrent BV in a variety of ways. For example,
Marshall et al. [43] considered this diagnosis in patients who
“recur one or more times after completion of an episodic
regimen,” Letyaeva [1] diagnosed recurrent BV in patients
with more than four episodes per year, and Pestrikova et al.
used the criterion of 3—4 episodes per year [28].
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CONCLUSION

There is an increasing research focus on biofilm as a
pathogenetic factor of BV. Most treatment options focus on
the etiologic agent of a disease, i.e. the direct mechanism
of action. However, the ability of microorganisms to adapt
to the effects of aggressive agents makes many treatment
regimens ineffective, as evidenced by increased recurrence
rates. The data on the structure of the biofilm confirmed the
importance of the development and clinical use of agents that
disrupt the polysaccharide matrix of the biofilm and release
the bacteria present in this matrix (dispersants), and this is
the focus of our research. This will both improve treatment
outcomes and enable the practical use of previously effective
and established treatment options.
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