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ABSTRACT 

The vaginal microbiocenosis is a complex dynamic system in which the aggregate of 

microorganisms is in various relationships both with each other and with the macroorganism. 

Their qualitative and quantitative balance is determined by endo-and exogenous factors, the 

most important of which is the state of the immune system. Also, variations in the immune 

response may affect a woman's risk of developing bacterial vaginosis, response to treatment, or 

risk of relapse. Activation of immune responses caused by changes in the composition of the 

microbiocenosis can either prevent or initiate an aggravation of vaginal dysbiosis. 
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INTRODUCTION 

Along with the hormonal and metabolic mechanism of regulation of vaginal microbiocenosis, 

one of the fundamental causes affecting the pathogenesis of bacterial vaginosis (BV) is immune 

disorders at both the local and systemic levels.  

Immune defense against infectious factors (bacteria, fungi, viruses) includes a whole complex of 

reactions of interaction between cells and mechanisms of activation of various components of the 

system. There are several levels of protection, including a physiological and immunological 
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barrier in the form of epithelial cells and a mucin layer. Further protection is provided by the 

components of innate and acquired (or adaptive) immunity. 

Cellular immunity in bacterial vaginosis 

The key role in the immune response in bacterial and fungal infections is played by 

macrophages, neutrophils and natural killers, which provide phagocytosis and destruction of the 

pathogen directly on the mucous membranes of the lower parts of the reproductive system [1]. 

Phagocytosis is accompanied by the synthesis of a number of cytokines in macrophages (TNF-α, 

IL-1P, IL-6, IL-8, etc.), signaling the introduction of pathogens and ensuring the involvement of 

immune system cells in the focus of inflammation. The effectiveness of phagocytosis is ensured 

by the involvement of CD4+ T-helper cells of type 1 (Th1-lymphocytes), which produce IFN-γ, 

thereby enhancing the phagocytic functions of macrophages [2]. 

In addition to macrophages and neutrophils, dendritic cells play an important role in the immune 

response to infection. Mainly, dendritic cells are able to absorb peptide fragments, move from 

peripheral tissue to lymph nodes, and trigger the differentiation of primitive Th0-lymphocytes by 

Th1-type. Pathogen recognition by dendritic cells is performed via TLR. Activated macrophages 

and some dendritic cells express CD68 [1]. 

Primitive Th0 - lymphocytes can differentiate in several directions, among which are Th1-

lymphocytes (involved in cell-mediated immunity and characterized by the synthesis of 

cytokines such as IFN-γ, IL-2, TNF-β) and Th2-lymphocytes (involved in the humoral response, 

i.e., the synthesis of antibodies, as well as protection from parasitic infections and the 

development of allergic reactions; characterized by the synthesis of cytokines such as IL-4, IL-5, 

IL-6, IL-9, IL-13) [3]. 

Humoral component of immunity in vaginal dysbiosis 

Th1 cell-mediated immunity is aimed at destroying intracellular pathogens and is provided by T-

lymphocytes. 

Th2 cells promote the transformation of primitive B-lymphocytes into plasma cells that produce 

antibodies [4]. After binding of antibodies to the antigen, the pathogen is eliminated due to the 

phagocytic activity of macrophages or the activation of the compliment. Unlike other mucosal 

surfaces: the respiratory and gastrointestinal tracts, where the dominant isotype is IgA, the 

secrets of the mucous genital tract equally contain both IgG and secretory sIgA. It is believed 

that the mucosal system is the first line of immune defense, and sIgA is the first line of mucosal 

immunity [5]. 

One of the main effects of sIgA is the obstruction of the adhesion of the infectious agent to the 

epithelial cells of the histohematic barrier due to the formation of intra (membrane) epithelial 

immune complexes. The latter not only block the adhesion of microorganisms to the epithelial 

cells of the barrier, but also neutralize their biological activity. 

Immunoglobulins G are active against bacteria, viruses, protozoa, fix complement, and play a 

major role in the secondary immune response. In excess amounts, they block macrophages and 

stimulate T-lymphocytes-suppressors, providing suppression of primary and secondary immune 

responses. The amount of immunoglobulins G and A in the cervical mucus changes cyclically in 

accordance with the phase of the menstrual cycle (increases at the beginning and at the end). The 
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absolute content and ratio of various immunoglobulins can significantly change in the presence 

of local inflammatory processes and changes in the permeability of the vascular wall, in these 

cases, the proportion of immunoglobulins entering the secret by transudation from the blood 

serum increases, which indicates an increase in the activity of local anti-infective immunity [4]. 

An important role in the protection of the mucous membranes of the genital tract is played by the 

complement produced by the mucous membrane of the cervix and vagina. The complement of 

the mucous membranes is able to attach to the secretory immunoglobulin A, which leads to the 

phenomenon of opsonization of microorganisms and their subsequent phagocytosis by mucus 

neutrophils. The immediate bactericidal effect is given by the lysozyme contained in the cervical 

and vaginal secretions, which increases the activity of neutrophils. The means of local anti-

infective protection include lactoferrin, B-lysines, interferons. 

Dysbiotic processes in the vagina, caused by excessive reproduction of opportunistic flora, lead 

to stimulation of cells of the immune system and epithelium, which is manifested in a change in 

the profile of cytokines expressed by cells. It is known that the interaction of microorganisms 

with toll-like receptors TLR-2, TLR-4 on the surface of macrophages, dendritic and other cells of 

innate immunity, activates the synthesis of a number of proinflammatory cytokines TNF-α, IL-

1B, IL-6, IL-8, IL-12 [6, 7]. It was noted that women with bacterial vaginosis have an increased 

level of Th1-cytokines in the vagina [6]. 

The role of cytokines in the formation of the immune response 

In the studies of many authors, an increase in the level of a number of cytokines in BV was 

noted: IL-1β, TNF-α, IL-6, IL-8, defensins, IL-2 IFN-γ, IL-12, IL-4 and IL-10, and lactoferrin [3, 

6, 8, 9]. According to Budilovskaya OV, et al. (2020), there is a differential expression of local 

immune response genes in the vagina in response to various vaginal infections, while bacterial 

vaginosis was closely associated with reduced levels of IL-18 and GATA3 mRNA [10]. 

According to Anahtar MN, et al. (2015), bacterial communities with high diversity strongly 

correlate with the concentrations of proinflammatory cytokines in the genitals in both transverse 

and longitudinal analyses [6]. Studies by Campisciano G. et al. (2018) have confirmed that 

increased levels of cytokines such as IL-18, IL-2, IL-1RA (interleukin-1 receptor antagonist), 

MIF, RANTES (regulated on activation, normal T cell expressed and secreted), TNF-a, Mip1a, 

and IL-8 correlate with changes in the composition of the vagina towards dysbiosis. Other 

immune factors, such as IL-5, IL-13, IL-6, IL-15, IL-9, growth–related onconge-α (growth-

regulating oncogene), Mip1-β, and IFN-γ, showed a correlation with the altered vaginal 

environment, although their number did not significantly change between the cohorts of women 

with normocenosis, intermediate microbiocenosis, and BV [3]. 

Cytokines produced by Th1- and Th2-lymphocytes negatively affect the activation of opposite 

subpopulations of T-helper cells. Excessive activation of any of the subpopulations of T-helper 

cells can direct the immune response by Th1 - or Th2-type.  

In case of dysbiosis of the vaginal microflora, the balance of pro-inflammatory and 

immunosuppressive cytokines is very important. Proinflammatory cytokines ensure the 

development and full functioning of all stages of immune responses against pathogens. Anti-

inflammatory cytokines restrain the excessive activity of the inflammatory process and prevent it 

from becoming pathological [6]. 
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Campisciano G, et al. (2018) found that although a dysbiotic state triggers a pro-inflammatory 

process, the presence of a stable level of Th2 can affect the clinical manifestations of BV, i.e., a 

concomitant increase in the level of anti-inflammatory IL-5 and IL-13 secreted by Th2 cells in 

vaginal dysbiosis suggests activation of the Th2 link in countering the Th1 response and in 

countering the presence of clinical symptoms. The authors noted that proinflammatory 

mediators, usually involved in the chronic inflammatory process, synergize with cytokines 

involved in switching to the Th2-immune response.This reaction probably supports the dysbiotic 

state, regardless of the pro-inflammatory Th1 response of the macroorganism, which is usually 

effective in restoring the state of normocenosis. According to the authors, stimulation of the Th2 

response together with a blunted Th1 response can lead to immunological tolerance, causing 

chronic recurrent vaginal dysbiosis [3]. 

The contribution to the pool of transcripts of the immune response genes is made not only by the 

cells of the immune system, but also by the epithelium. The epithelial cells of the vaginal mucosa 

not only create a mechanical barrier to infectious agents, but also participate in the presentation 

of foreign antigens, as well as produce a variety of immune system mediators that directly 

implement and regulate both innate and adaptive immunity [4]. In vitro studies of epithelial cells 

of the vaginal mucosa revealed a differential effect of secretory products of various 

microorganisms on the functional state of the mucosa of epithelial cells, manifested in an 

increase in the production of cytokines IL-1B, IL-6, IL-8, TNF-α [7]. 

Characteristic violations of the humoral link of immunity in BV are an increase in the 

concentration of IgG, IgM, transferrin in the blood of patients and an increase in the reaction of 

inhibition of leukocyte migration with phytohemagglutinin. Changes in the local immunity of the 

vagina are characterized by a decrease in the concentration of Iga, secretory Ig A, and C3 

components of the complement with an increase in IdM and transferrin [5]. 

Immunomodulatory effects of vaginal lactobacilli 

The vaginal microflora plays a key role in the functioning of the immune system, which 

promotes symbiosis between the host macroorganism and complex microbial communities [3, 6]. 

Toll-like receptors, cytokine production, and other components of the innate immune response 

are associated with L. crispatus , L. iners, and community state types (CST) [11]. 

The dominance of Lactobacillus spp. in the genital tract is important because it suppresses 

pathogens and maintains immune balance. Studies have shown that the concentration of pro-

inflammatory factors in the vagina is very low when L. crispatus and L. jensenii are dominant 

[9]. 

The immunomodulatory effects of L. crispatus were noted, for example, the L. crispatus strain 

ATCC 33820 suppresses the growth of Candida albicans 27 in vitro by modulating the 

expression of TLR-2, TLR-4, IL-8, and β-defensin 2 and 3 in epithelial cells [7]. 

Lactic acid, as a metabolite produced mainly by Lactobacillus spp., is also associated with the 

immunity of the reproductive tract [12]. L-lactic acid produced by Lactobacillus spp. it can cause 

an anti-inflammatory response and inhibit the production of pro-inflammatory cytokines and 

chemokines induced by TLR in the epithelial cells of the cervix and vagina at low pH [13].In 

addition, lactic acid can induce the secretion of the anti-inflammatory cytokine interleukin IL-10, 

reduce the production of pro-inflammatory cytokine IL-12 in dendritic cells, and reduce the 
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cytotoxicity of natural killer cells [14]. The anti-inflammatory activity of lactic acid also requires 

the presence of organic acids produced by microorganisms to maintain vaginal health, mainly by 

increasing the production of anti-inflammatory cytokine IL-1RA, inhibiting the pro-

inflammatory signal of cytokine IL-1, while the production of pro-inflammatory cytokines IL-6 

and MIP-3a is slightly reduced [13]. 

The association of L. iners dominance in the composition of lactoflora with a light 

proinflammatory background, similar to changes in BV, was revealed. According to a number of 

authors, the samples with the dominance of L. iners (CST III) significantly increased the levels 

of mRNA expression of the IL-8, TLR-4, IL-10, CD69, CD45 genes and reduced IL-18 than in 

the samples with the dominance of L. crispatus, which partly explains the increased risk of 

developing BV in women with this type of microbiocenosis [6]. The tendency to increase 

proinflammatory factors in CST IV also indicates that the formation of a proinflammatory state 

associated with the absence or low number of lactobacilli may be the ground for the development 

of BV. 

Recently, a huge role in opportunistic vaginal infections has been assigned to factors affecting 

the macroorganism of metabolites formed by conditionally pathogenic microorganisms. The 

innate and adaptive immune systems of the host carry out complex interactions with 

microorganisms and metabolites [13, 15]. Microbial ligands bind to macroorganism receptors, 

producing inflammatory factors, chemokines, and antimicrobial products that regulate the 

immune response of the reproductive tract [16]. 

Vaginal dysbiosis cannot directly cause damage to the vaginal epithelium through pathogens, but 

indirectly causes damage to the vaginal epithelium through immune components, which in turn 

release metabolites into the microenvironment [17, 18]. The binding of the metabolite by 

bacteria leads to an increase in microbial metabolism, which has a favorable effect on the growth 

and reproduction of flora [18].Local competition between the host macroorganism, the pathogen, 

and various immune cells for metabolic precursors will also affect the ability of immune cells to 

respond effectively to infection, affecting the growth and immunogenicity of the pathogen and 

additionally affecting the host response [16, 17]. Consequently, the interaction between 

microorganisms, metabolites, and immunity in the host reproductive tract microenvironment 

plays an important role in maintaining the balance of the reproductive tract [19, 20]. An 

imbalance in these relationships will lead to changes in the host's phenotype, disease, and even 

serious complications. 

It is believed that substances produced by conditionally pathogenic microorganisms reduce the 

protective functions of immune cells and local immunity factors. Delgado-Diaz DJ, et al. (2019) 

found that the prolonged action of organic acids, metabolites of the vaginal microbiocenosis 

associated with BV, leads to a violation of the regulation of the immune response of cervical and 

vaginal epithelial cells in vitro [13].Short-chain fatty acids can attract and activate innate 

immune cells of the female reproductive tract, such as neutrophils and monocytes [21]. It was 

found that the succinate secreted by Bacteroides spp. it inhibits the functions of neutrophils [22]. 

In addition, succinic acid produced by Prevotella spp. and Mobiluncus spp. in the genital tract, it 

can also suppress the chemotaxis of white blood cells and regulate the immune response [21, 23]. 

Sialidases produced by Gardnerellavaginalis and some other anaerobes stimulate some cells of 
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the immune system and inhibit phagocytosis [24], in addition to contributing to the destruction of 

mucin [25]. 

In the work of Burmenskaya OV, et al. (2014) analyzed the dependence of the transcription 

profile of the immune response genes on the type of lactobacilli. The association of L. iners 

dominance in the composition of lactoflora with a light proinflammatory background, similar to 

changes in vaginitis and BV, was revealed. According to the authors, the mRNA expression 

levels of the IL-8, TLR4, IL-10, CD69, and CD45 genes were significantly increased and IL-18 

was reduced in the L. iners-dominated samples than in the L. crispatus-dominated samples [8]. 

Genetic basis of immune response variations 

It is important to note that there is a relationship between the species composition of the 

normoflora, the presence of conditionally pathogenic microorganisms in the vaginal 

microbiocenosis and the individual genetic profile of women. According to Voroshilina E. S. et 

al. (2011), depending on the variants of proinflammatory and anti-inflammatory cytokine genes 

in women, different types of lactobacilli predominate in the vaginal fluid; the normocenosis is 

preserved, but has a different degree of stability [26]. 

The subject of this study was the polymorphism of genes associated with the system of pro-

inflammatory (IL-1) and anti-inflammatory (IL-1RN, IL-4, IL-10) cytokines. As a result, a 

correlation was established between the presence of L. crispatusin the vagina and the carrier of 

two alleles A of the IL-10 gene (genotype AA): the presence of the "pro-inflammatory" genotype 

correlated with the dominance of L. crispatus in the vaginal lactoflora, and the "anti-

inflammatory" and balanced genotype was significantly more often associated with the 

predominance ofL. iners [26]. 

In recent years, a number of studies have confirmed the role of genetic factors in maintaining the 

microbiocenosis of the vagina. Studies show that genetic associations suggest the role of the 

innate immune system and cellular signaling in the composition of the vaginal microflora and 

susceptibility to the suboptimal composition of the vaginal microbiocenosis.According to Mehta 

SD, et al. (2020) BV was absent in CST I (dominant L. crispatus) and not often (5.1%) in CST 

III. 57% of women in CAT IV did not have BV [27]. This data is consistent with many other 

early studies: women with CST IV are much more likely to have BV, but up to 50% of women 

with this CST do not have BV [28, 29]. I.e., women with similar bacterial colonization of the 

vagina (for example, in the C STIV group) may have a different response to bacterial 

colonization depending on genetic characteristics [27]. 

Mehta SD, et al. (2020) identified single-nucleotide polymorphisms in IL1RN, IL-5, and IL-

5RA. IL-1RN (the IL-1RA gene) inhibits the proinflammatory cytokines IL-1, IL-1α, and IL-1β 

[26]. In a study by CampiscianoG. et al. (2018), women with BV (Nugent score from 7 to 10) 

had elevated levels of IL-1RA, and an increase in anti-inflammatory IL-5 was associated with a 

decrease in the number of lactobacilli [3]. When analyzing candidate genes, Si J, et al. (2017) 

identifiedgeneticvariantsofIL-5, revealinganassociationwithanincreaseinthenumberofPrevotella 

[30]. 

These literature data confirm that the occurrence and course of the disease is determined by 

several factors and includes the interaction of the host organism with microorganisms, the 

features of the immune system and the genetic features of macro-and micro-organisms. Of great 
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importance is the fact that the etiological agents of the disease are conditionally pathogenic 

microorganisms peculiar to this biotope, therefore, genetic factors and features of their 

phenotypic manifestations can play a key role in the pathogenesis of the disease. 

Most of the published works are devoted to the manifestation of the immune response of the 

genital mucosa to BV and the change in the risk of reproductive health complications, such as 

HIV susceptibility and preterm birth, depending on the variants of the immune response. Less is 

known about how variations in the immune response affect a woman's risk of developing BV, 

response to treatment, or risk of relapse. Activation of immune responses caused by changes in 

the composition of the microbiocenosis can either prevent or initiate an aggravation of vaginal 

dysbiosis. Although the possible associations of risk factors with recurrent BV are of 

considerable interest, there is too little data on mucosal immunity differences or on genetic 

markers of susceptibility in women with recurrent BV to provide a basis for further research. 

CONCLUSION 

Thus, the microbiocenosis of the vagina is a complex dynamic system in which the totality of 

microorganisms is in various relationships both with each other and with the macroorganism. 

Their qualitative and quantitative equilibrium is determined by endo-and exogenous factors. 

Criteria for the normocenosis of the vaginal biotope until recent years, the dominance of 

lactobacilli was considered. However, the results of molecular genetic research methods show 

that the absence of Lactobacillus spp. it is not always accompanied by the development of 

dysbiosis, since in addition to them, the components of the immune system and hormonal 

homeostasis are actively involved in maintaining the state of normocenosis. 

With physiologically complete hormonal and immune regulatory systems, the composition of the 

vaginal microbiocenosis is stable, with random shifts (mainly due to the action of harmful 

external factors) – it quickly recovers without special correction. However, in the presence of 

serious deviations in the indicators of the state of general metabolism and with pronounced 

harmful exogenous effects, negative reactions from the immune and endocrine systems are 

inevitable, which ultimately can manifest itself in quantitative and qualitative disorders of the 

vaginal microbiocenosis. The persistence of such disorders and the possibility of drug correction 

depend on the degree of violation of the functions of the immune and endocrine systems. 
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