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The aim of this review was the biological properties analysis of microorganisms known as the main contributors to the non-specific
bacterial vaginosis development.

The mechanisms of anaerobic vaginal microflora pathogenic action have been found out to be the main cause of non-specific
inflammatory processes. Special attention was given to the genera of Mobilunkus spp., Atopobium spp., Prevotella sp. represen-
tatives, which were studied as vaginal flora due to the modern diagnostic methods and techniques development.

The homeostasis of the vaginal ecosystem results from complex interactions and synergies among the host and different microor-
ganisms that colonize the vaginal mucosa and healthy vaginal microbiota is generally dominated by Lactobacillus spp. Lactobacilli
which have been known to be antagonistic toward a variety of microorganisms.

In cases of bacterial vaginoses, the proportion of Lactobacilus spp sharply decreases, while the share of anaerobic microorganisms
increases: Gardnerella vaginalis, Atopobium sp., Mobiluncus sp., Prevotella sp. The virulence factors of Gardnerella vaginalis
pathogenicity are: its ability to form biofilms; the presence of genes responsible for cytotoxicity.

The ability of Gardnerella vaginalis, Atopobium sp., Mobiluncus sp., Prevotella sp. to produce short chain volatile fatty acids
isomers results in the vaginal mucosa irritation (itching or burning) and discharge with unpleasant odour in BV associated with
these microorganisms.

Atopobium vaginae, together with Mobiluncus spp. and Prevotella spp., provoke the accumulation of pro-inflammatory cytokines.
The whole mechanism leads to an inflammation worsening in BV and stimulates the chronic process development.

Both microorganisms Mobiluncus spp. and A. vaginae are competitive lactobacilli in relation to the glycogen consumption.

Conclusions. Analysis of literature shows that pathogens of non-specific bacterial vaginosis have wide range of pathogenicity
factors. This provides pathogenesis and clinical signs of the disease.

ErionoriuHi Ta natoreHeTMuHi acnekTu HecneundiuHoro 6akTepiarbHOro BariHo3y

M. M. AHaHbeBa

MeTta po60T1 — Ha OCHOBI BiZOMOCTel haxoBOi NiTepaTypy BUKOHATW aHani3 faHux oo BionoriYHux BnacTueOCTeR MiKpoop-
raHiamis, siki € OCHOBHUMU y4acHWKamMu HecneumndiyHoro GakTepianbHOro BariHo3y.

Y pesynbtati po3kpUTO MEXaHi3Mi1 naToreHHoi Aii aHaepobHOi BariHanbHOT MIKpOhnopy sik OCHOBHOI MPUYMHU HECTELMAIHHUX
3ananbHux npouecis. Ocobnuey yeary npuainunu npeactaeBHukam pogis Mobilunkus spp., Atopobium spp., Prevotella sp., wo
BMBYEHI 5K chriopa NixBu 3aBAsKM PO3BUTKY Cy4aCHUX METOZIB LOCHIMKEHHS.

[omeocTas cepep, npeacTaBHUKIB HakTepianbHOI Mikpodhiopy B MiXBi NiATPUMYETLCS 3aBASKM aHTaroHisMy nakrobaumn wogo
peLuTV NpeacTaBHIKIB. Y HOpMi nakTobaLwmnm ctaHoBnsTh 90 % BariHanbHOT Mikpodnopy. 3aBAsky BUAINEHHIO BENWKOT KiNbKOCTi
kuenor, nigTpumui pH Ha piBHi 3,5-4,4, BuaineHHto 6akTepioLmHIB nakTobaLmunmy CTpUMYHTb NaToreHHy Mikpodnopy.

[Mpu HecneundivHnx GakTepianbHUX BariHo3ax pisko 3MEHLLYeTbCs YacTka Lactobacilus spp., 30inbLyeTbCs KinbkicTb aHaepob-
HWX MikpoopraHiamiB Gardnerella vaginalis, Atopobium sp., Mobiluncus sp., Prevotella sp. MOTyXHAMM (hakTopamMn NatoreHHoCTi
Gardnerella vaginalis € 30aTHICTb [0 YTBOPEHHS BIOMNIBKM, HAsSIBHICTb reHiB, WO BiANOBigaloTb 3a LMTOTOKCUYHICTb.34aTHICTD
Gardnerella vaginalis, Atopobium sp., Mobiluncus sp., Prevotella sp. O YTBOPEHHS NETHOYNX KOPOTKONAHLIOTOBUX XMPHUX KUC-
OT 3 i30Mepamm NpU3BOAUTL A0 TOTO, LU0 Npu BakTepianbHUX BariHO3ax, LU0 BUKIUKaHI LMK MiKpoopraHiamamu, 3'sBnsTbCs
MoApasHeHHs CrM30BMX 0DOMOHOK i BUAINEHHS 3 HEMPUEMHUM 3aMaxoM.

Bakrepii pogy Atopobium 3aBasikv HasiBHOCTI cneumndivHuX depMeHTiB 3naTHi GriokysaTi dyHKLito cucTemm komnnemeHTy (C5a
i C1q). Atopobium vaginae pa3som i3 Mobiluncus spp. i Prevotella spp. BUKNMKaE HAKOMMYEHHSI Npo3anasibHUX UWATOKIHIB. YBeCh
MexXaHi3M Npu3BOAUTL [0 NOCUNEHHS 3ananeHHs npu GakTepianbHOMY BariHO3i Ta CTUMYMIOE PO3BUTOK XPOHIYHOMO MPOLIECY.
Mobiluncus spp. i A. vaginae € KOHKypeHTaMm akTobaLmn WOAO CNIOXUBAHHS FIIKOreHy.

BucHoBku. AHani3 ¢axoBoi nitepatypy BKasye Ha HasiBHICTb LUMPOKOTO cnekTpa pakTopiB NAaTOreHHOCTi cepeq, Mikpoop-
raHiamiB, LLO BUKNUMKaOTb HecneumndiyHui GakTepiansbHui BariHo3. Lie 3ymoBntoe oro natoreHes, nepebir Ta 0cobnmeocTi
KMiHIYHUX CUMNTOMIB.

3JTHONOrMUECKHKE U NaTOreHETUYECKHE acneKTbl HGCHeuMq)MHGCKOFO 6aKTepMaI\bH0r0 BaruHo3a

M. H. AHaHbeBa

Llenb pa6oThl — Ha OCHOBE CBEAEHMIA CrieLanaupoBaHHoil IUTepaTypsbl NpoaHanManpoBaTh AaHHbIE O BUONOTMYECKUX CBON-
CTBaX MUKPOOPraH3MOB, OCHOBHbIX Y4aCTHIUKaX HECTIeLMMYECKoro GakTepuarnbHoro BaruHosa.

Ha ocHoBaHWM Hay4HOI NUTEpaTypbl PACcKPbIThI MEXaHU3Mbl MaToOreHHOTo AECTBUSI aHa3pOBHON BRaranmLLHon MUKPOopbI
KaK OCHOBHOW MPUYMHBI HECTIELMMUYECKUX BOCMANUTENBHBIX MpoLeccoB. Ocoboe BHUMaHWE yaeneHo NpeAcTaBnTensM POLOB
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Mobilunkus spp., Atopobium spp., Prevotella sp., koTopble n3y4eHbl kak criopa Braranuiya bnarogapst paseuTiiio COBpEMEHHbBIX
METOLI0B WCCrenoBaHus.

lomeocTas cpeay npeacTaBuTenelt GaktepuanbHOM MUKpPOIIOpsLI BO Braranuile NoAAepXvBaeTcs bnarogaps aHTaroHu3my
nakTobaumn No OTHOLIEHWIO K OCTanbHbLIM NpeacTaBuTensm. B Hopme naktobauunnbl coctasnstot 90 % BaryHanbHOM MUKPO-
¢hnopbl. Bnarogaps BblaeneHmMo 60MbLLIOTo KONMYECTBA KUCTOT, Noaaepxanuio pH Ha yposHe 3,5-4,4, BblaeneHnto 6akTeproLyHoB
nakTobaumnmbl CAEPKMUBAIOT NATOrEHHY0 MUKPOIIOpPY.

INpy GakTepuanbHbIX BarHo3ax pe3ko yMeHbLUaeTcs Aons Lactobacilus spp. v yBenuumnBaeTcs KonmuecTso aHaspoBHbIX MUKPOOP-
raHnamoB Gardnerella vaginalis, Atopobium sp., Mobiluncus sp., Prevotella sp. MowwHbiMy dhakTopamu natoreHHocTv Gardnerella
vaginalis SBNSLOTCS CNOCOBHOCTL K 06pa3oBaHN0 GUOMMEHKN, HaNMYMe reHOB, OTBEYAIOLLMX 3@ LIUTOTOKCUYHOCTb.

Cnoco6HocTb Gardnerella vaginalis, Atopobium spp., Mobiluncus sp., Prevotella spp. k 0Bpa3oBaHmto NETy4MxX KOPOTKOLIENOUYEYHbIX
KMPHBIX KUCMOT C M30MEPaMM NPUBOANT K TOMY, YTO Npn GakTepuarnbHbIX BarMHO3ax, BbI3BaHHbIX 3TUMU MUKPOOPraHu3mamu,
MOSIBMSIHOTCS pa3apaXeHue CIN3NCTbIX 060MOYEK U BbILENEHUS C HEMPUSTHBIM 3aMaxoM.

Baktepuun poga Atopobium 6naropaps Hanuumi cneunduiecknx epMeHToB CnocoBHbI BNOKMPOBaTL (YHKLMIO CUCTEMBI
komnnemeHTa (C5a n C1q). Atopobium vaginae coBmectHo ¢ Mobiluncus spp. u Prevotella spp. npoBoLmMpyeT HakonneHue npo-
BOCManUTENbHbIX LUTOKMHOB. BECb MEXaHW3M MPUBOAMT K YCUIEHWO BOCManeHs npu 6akTepuarnsHOM BaruHo3e U CTUMYNUPYET
pasBUTHE XPOHUYECKOTO NpoLiecca.

Mobiluncus spp. n A. vaginae. — KOHKypeHTbI TakTobaLmMn Mo OTHOLLEHMIO K NOTpebneHunto rmukoreHa. MukpoopraHuamel poga
Mobiluncus obnapatoT Takum hepMEHTOM arpeccum, kak HelpamuHuaasa.

BbiBoAbl. AHanM3 Hay4HO! NUTepaTypbl yKasbiBaeT Ha Hamuyme LKMPOKOTO CrieKTpa (pakTopoB NATOreHHOCTY MUKPOOpra-
HW3MOB, KOTOPbIE MPUHUMAIOT y4acTVe B pa3BUTHM Hecneumduieckoro GakTepuarnsHoro BariHosa. 7o 0ByCroBnmMBaeT ero
naToreHes, Te4eHne 1 0COBEHHOCTU KIMHUYECKUX CYMMTOMOB.

Actuality

Bacterial vaginosis, also known as vaginal bacteriosis, is a
non-specific inflammatory process caused by the combined
action produced by bacterial microflora, microbiota composi-
tion imbalance with the anaerobic microflora predominance
that can lead to serious reproductive health consequences
for women.

Shift in the qualitative and quantitative composition of
vaginal microbiota (a decrease in the number of facultative
anaerobic lactobacilli and an increase in the number of ana-
erobic bacteria) now is associated with a variety of causes,
including irregular use of antibiotics, alcohol consumption,
smoking, and having sex with different partners (more than
3 persons a year) [1]. Moreover, acquired immunodeficiency
conditions, diabetes mellitus, thyroid disorders, chronic
inflammatory processes contribute not only to a decrease
in the body reactivity, but also to a change in the pH of bio-
logical fluids that in turn potentiates increased proliferation of
opportunistic microflora and the development of pathological
inflammatory processes [2-5].

An important factor for the restoration of vaginal micro-
flora is an imbalance in the level of sex hormones which
regulate the composition and thickness of the vaginal mu-
cous membrane. Equilibrium can be impaired by incorrect
prescription or incorrect use of contraceptives as well as
may develop in the post-menopausal period [6].

BV, in turn, can cause inflammatory diseases of the
female genital organs, endometriosis, endometritis [7,8],
salpingitis that can result in premature pregnancy termina-
tion, or infertility [9]. Bacterial vaginosis enhance the risk
of infection with viruses, HIV infection and other sexually
transmitted infections [6].

Nowadays the resistance of the BV causative agents
to metronidazole as the main antibacterial agent is one of
challenge facing the practical healthcare. In light of this,
the biological characteristics of BV main causative agents
and the influence of their properties on the pathogenesis
and clinical picture determine the relevance of the study.

Zaporozhye medical journal. Volume 20. No. 3, May — June 2018

The aim

The aim of this review is the identification and description
of microorganisms’ biological properties, known as agents
of bacterial vaginoses, and their contribution into the patho-
genesis of this condition.

Vaginal microflora is a fairly constant biotope, 90 % of
which is represented by aerobic and facultative anaerobic
microflora, mainly by Lactobacillus sp. (107-102) [10].

Lactobacilli belong to the family Lactobacillaceae,
genus Lactobacillus. At present, 120 species of lactobacilli
have been identified, which are divided into 6 types ac-
cording to their DNA structure (based on the DNA hybrid-
ization method). The vaginal lactobacilli are predominantly
represented by L. acidophilus type, or more precisely, by 4
species: L. crispatus, L. jensenii, L. gasseri, L. iners. The fact
that one or the other species predominate among women of
different races [11] requires a more detailed study.

Lactobacilli are Gram-positive rod-shaped or slightly
curved facultative anaerobic or organotrophic. In smears
they may be in singles, in pairs or in short chains, immobile,
non-spore-forming, non-capsule-formin; bacteria subjected
to Gram staining contain cytoplasmic granules [12].

The quantitative and specific composition of vaginal
lactobacilli has been known as hormone-dependent. Es-
trogens stimulate glycogen production and the formation
of receptors for lactobacilli on the surface of epithelial cells.
Glycogen, in turn, is the energy and nutrient substrate for
bacteria of the genus Lactobacillus. In the process of their
vital functioning and glycogen synthesis, lactobacilli produce
alarge amount of acids (lactic, succinic, butyric, acetic) that
helps maintain pH 3.5-4.4 [11]. Besides the acids, the bac-
teria release CO, and H,0,. The interaction between H,0,,
chlorides released by lactobacilli, and myeloperoxidase (a
product of lymphocytes) generates hypochloric acid, which
exerts bactericidal properties.

Moreover, lactobacilli cell wall antigens stimulate the
cellular and humoral local immunity by leukocytes, mac-
rophages activation and IgA production. Under conditions
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of microbial antagonism, lactobacilli secrete bacteriocins
(lactacidin, acidodicin), which prevent the spread of patho-
genic microflora [13]. The combined effect of the above
mentioned factors and the fact that Lactobacilus spp. has no
pathogenicity factors contribute to maintaining homeostasis
(colonization resistance) of the vaginal biotope [4].

With bacterial vaginosis the proportion of Lactobacilus
spp. representatives sharply decreases and the amount
of anaerobic microorganisms Gardnerella vaginalis
(98-100 %) increases: Atopobium sp., Mobiluncus sp.,
Prevotella sp. up to 10810, the ratio between anaerobes
and aerobes is 100: 1-1000: 1; there is no or reduced con-
centration of Lactobacillus sp., about 10*~10° bacteria/mi [1].

Gardnerella vaginalis was first described in the mid-50s
of the XX century and due to the works of H. Gardner has
been thought to be the predominant microorganism asso-
ciated with bacterial vaginosis. Atopobium sp., Mobiluncus
sp., Prevotella sp. have been described in details during
the last two decades. These microorganisms are difficult to
cultivate and their isolation is directly related to the deve-
lopment of modern identification methods and techniques.

The use of polymerase chain reaction (PCR) in the diag-
nosis of bacterial infections has considerably expanded the
doctors’ view on the species composition of all biotopes of the
human body, including the female genitourinary system. The
discovery of 16S rRNA enables to study the qualitative and
quantitative composition of healthy women microbiota and
at different stages of bacterial vaginosis [14]. Later, scientists
developed conditions and cultivation methods of conditionally
pathogenic anaerobic microorganisms which can cause
inflammatory diseases of female reproductive system.

Gardnerella vaginalis is a facultative anaerobic
Gram-variable rod sized of 0.5-1.5 pm. In smears taken
form the clinical material it looks like a coccal bacterium.
Usually, it is pleomorphic gram-negative to gram-variable
bacteria; immobile; non-spore-forming, non-capsule-formin.
Being a facultative anaerobic bacterium during cultivation
it prefers 5-10 % CO,, is fastidious about the composition
of the nutrient medium. Optimum required temperature is
35-37 °C. On the blood agar with adding of human eryth-
rocytes the microorganisms grow into small colourless
semitransparent colonies with the B-hemolysis zone. The
microorganisms are catalase- and oxidase-negative; have
a fermentative type of metabolism, inhibit H,0,, which is
actively released by lactobacilli; hydrolyze starch, dextrin,
maltose, ribose forming short chain volatile fatty acids
with isomers (fractions C2-C6), mainly acetic C2. These
compounds produce unpleasant smell of rotten fish [1,12]

An influential factor in the pathogenicity of Gardnerella
vaginalis is its adhesive ability, which enables bacteria to at-
tach to the epithelium of the vaginal mucosa, colonize it and
form a biofilm [15]. In experiments with the clinical material
taken from 30 patients it has been shown that Gardnerella
acts as the primary colonizer and probably contributes to
the attachment of other opportunistic microorganisms [16].
On the other hand, in bacterial vaginosis, there have been
isolated strains of Gardnerella vaginalis with vaginolysin
(vly) virulence genes responsible for bacterial cytotoxicity.
Adhesive ability was studied in experiments on Hela cell
cultures. The experiment demonstrated how Gardnerella
displaced previously attached lactobacilli from epithelial
cells. The authors suggested that the increased virulence

was not directly related to the accumulation of biofilm, but
depended on the presence of G. vaginalis subspecies,
which had additional virulence factors [17,18].

R. Verhelst et al. published their report on the isolation
(during the cloning of genes 16s rRNA) of Atopobium vagi-
nae in association with Gardnerella vaginalis in vaginoses
of I, I, Il degrees [19]. Later studies of Swidsinski et al. [20]
confirmed that 1-40% of the mass of biofilm in the clinical
material were made up of Atopobium vaginae. Recent
studies of the bacterial vaginosis etiology have shown that
Atopobium vaginae is found in microbial associations in
80 % to 95 % of cases [21, 22].

Bacteria of genus Atopobium sp. in the family Corio-
bacteriaceae were first described in 1992 by Rodriguez et
al. Earlier representatives of this genus were classified as
lactobacilli by morphological and biochemical characteristics
(the ability to release a large amount of lactic acid). Subse-
quently, by using molecular genetic methods it was found
that the 16s rRNA gene of A. vaginae differed from other
species belonging to a genus of Atopobium approximately
by 3-8 % [23]. H. Mendes-Soares et al. in their research
[24] based on the above method, have found the taxonomic
diversity of representatives of the genus Atopobium in the
vaginal secretions.

A. vaginae is a Gram-positive anaerobic rod of 0.5-1.2
x 1.0-5.0 ym, sometimes resembles coccobacilli. In the field
of view the microorganisms are located in singles, in pairs
or in short chains [12,23].

A. vaginae are classified as hard-to-cultivate microflora.
On blood agar under strictly anaerobic conditions in 48
hours they grow into small gray-white colonies raised above
the nutrient medium [19,23].

A. vaginae had a fermentative type of metabolism with
a large amount of volatile amines formation (methylamine,
dimethylamine, trimethylamine, etc.) and short chain vo-
latile fatty acids (C18: 1 — cis-vaccenic) that can explain
unpleasant odor of vaginal discharge caused by anaerobic
microorganisms [1,12].

The anaerobic respiration of the bacteria of the genus
Atopobium involves the glycolytic pathway which is carried
out through numerous enzymes. In this way, the enzyme
D-glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
acts as a pathogenicity factor blocking the complement
system (C5a and C1q) function [21].

According to the reports of Onderdonk A. B. et al. [25]
the main pro-inflammatory tumour-necrosis factor, as well
as the pro-inflammatory cytokines IL8, MIP-3a activation
in vaginal epithelial cells under the influence of A. vaginae,
plays an important role in the BV pathogenesis (an important
pathogenetic aspect). Moreover, in case of Trichomonas
vaginalis infection, Atopobium enters into close interaction
with this pathogen, and is absorbed by epithelial cells that
makes it inaccessible to antibiotics and increases the risk
of disease recurrence [25].

One of the potential markers of bacterial vaginosis is
opportunistic microorganisms of the genus Mobiluncus,
family of Actinomycetaceae: Mobiluncus curtisii curtisii,
Mobiluncus curtisii holmesii and Mobiluncus mulieris. They
are found not only in healthy women, but also in patients
with endometritis, chorioamnionitis, bacterial vaginosis
[25, 26], because of Lactobacillus spp. replacement by
Mobilincus spp. [27].
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Mobiluncus spp. are anaerobic thin curved rods of
0.4-0.6 x 1.2-4.0 um, narrow-ended and different in their
shape and size. In the field of view they are located in singles
orin pairs in the form of gull wings. Tinctorial properties are
variable, but the cell wall is of Gram-positive type [12]. They
are motile due to numerous flagella. The optimum growth
temperature is 37 °C. On complex nutrient media with the
addition of blood serum of a rabbit or a horse they form
colorless, transparent, smooth, convex colonies. Like A. va-
ginae, they have a fermentative type of metabolism. The
products of glucose fermentation are acetate and succinate
[12,25]. They compete with lactobacillus in relation to the
glycogen consumption [25]. The ability of Mobiluncus spp.
to form succinic acid and trimethylamine results in irritation
of vaginal lining and discharge with unpleasant odor in BV
associated with these microorganisms [28]. Culhane J. F. et
al. show the presence of such aggressive enzymes as neur-
aminidase in the genus Mobiluncus microorganisms [18].

Like Atopobium vaginae, Mobiluncus spp. provokes the
accumulation of pro-inflammatory cytokines IL-1a, IL-1,
TNF-a and IL-8, which increase the inflammation severity
[32]. H. Girerd considers that the IL-1 amount assessment
the vaginal fluid is a more sensitive test than the clinical
signs for BV diagnosis [30].

Microorganisms of the genus Prevotella, especially in
association with Gardnerella vaginalis, are quite often detec-
ted in bacterial vaginosis [30]. This microorganism is mainly
known as an etiological factor of periodontal diseases [33].
The family Prevotellaceae, the genus Prevotella (formerly
called Bacteroides) includes a variety of species inhabiting
the human mucous membranes, most often it is intestine,
oral cavity, vagina and respiratory tract. Most of the repre-
sentatives are commensal, but in association with other mi-
croorganisms or in the optimum growth conditions, Prevotella
spp. may cause inflammatory and purulent processes [31].

Prevotella spp. is Gram-negative rod-shaped micro-
organisms prone to polymorphism. In the field of view
the microorganisms are arranged chaotically or in small
clusters, they have a thin capsule. Many species have pili,
which promote bacterial adhesion to and penetration into
epithelial cells [12]. They are obligate anaerobes, nutritio-
nally fastidious. In culture with 5 % blood agar they grow
into small, dark colonies in 4-5 days.

Bacteria of the genus Prevotella secrete a large number
of hydrolytic enzymes: cysteine protease promotes the sup-
pression of the C3 complement factor [32]; IgA proteases
destroy IgA1 and IgA2, which are the factors of primary
immune defense [33]. In severe inflammatory processes
additional nutrients for Prevotella spp. are released from
the tissue that promotes their rapid growth. Furthermore, to
obtain hemin and vitamin K, Prevotella spp. penetrates to
epithelial cells, where it becomes inaccessible to immune
defense factors [33].

Larsen J. M. in his work has demonstrated that a potent
pathogenicity factor is the cell wall lipopolysaccharide (LPS)
of Prevotella spp. LPS activates macrophages for IL-1B IL-
6, IL-23 production. These substances stimulate Th17 to
release IL-17, which is opsonin for neutrophils. The whole
mechanism leads to an increase in inflammatory response
to BV and promotes the chronic process development [31].

At the same time, macrophages release IL-12, which
activates Th1. Additional CCL5 receptors expression on

Zaporozhye medical journal. Volume 20. No. 3, May — June 2018

the Th1 membrane is regarded as a risk factor associated
with HIV infection [31].

Conclusions

Thus, the endogenous and exogenous factors influence
can significantly affect the state of vaginal homeostasis.
Once there are the qualitative and quantitative abnormalities
of lactobacilli composition, there is growth of microorga-
nisms with pathogenicity factors sufficient to develop local
or generalized inflammation.

Due to their biological characteristics Atopobium sp.,
Mobiluncus sp. and Prevotella sp. involve the host's im-
mune system factors into the pathological process (lead to
a “surge” of cytokines and other pro-inflammatory factors)
that contributes to subsequent tissue damage.

Prospects for further research. The ability to para-
sitize inside epithelial cells makes these microorganisms
inaccessible to traditional BV therapy, thus, motivating
the search for new therapeutic agents that do not affect
lactobacilli.
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