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Abstract
The objective of our study was to investigate the specific features of immune status indicators in women of reproductive age with 

chronic endometritis (CE) and reproductive disorders.
Methods and Results: The observational study involved 81 women of reproductive age with reproductive disorders. The main 

group (MG) included 50 women with CE (mean age of 29.2±5.34 years). The control group (CG) consisted of 31 fertile women also of 
reproductive age(mean age of 30.7±5.9 years). MG was divided into the following subgroups: Subgroup A (SubA) included 31 patients 
with verified CE and an isolated infectious agent from endometrial tissue: Subgroup B (SubB) included 19 patients with verified CE 
and the absence of an infectious agent in the endometrial tissue. Endometrial aspiration pipe biopsy was performed on days 4-9 of the 
menstrual cycle (middle proliferative phase) using a disposable intrauterine probe (Taizhou Kechuang Medical Apparatus Co., Ltd, 
China) followed by histological examination of endometrial tissue.  Laboratory diagnostics for sexually transmitted infections (STIs) 
was performed using the bacterial culture method. For the diagnosis of viral infection (HPV, HSV, CMV), cervical samples were studied 
using PCR. If STIs were detected, the patients were excluded from further research. Ultrasound examination of the pelvic organs was 
performed using the Aloka-5500 device with a 7MHz vaginal probe in two-dimensional visualization mode. The concentration of 
cytokines (IL-1β, INF-γ, TNF-α, ILs-4,6,8,10) in the endometrium was determined using the Protein Contour test systems (Russia) and 
Multiskan EX ELISA Analyzer (Germany). The percentages and absolute counts of blood lymphocytes (CD3+, CD3+/CD8+/CD45+, 
CD19+/CD45+, and CD16+/CD56+/CD45+ cells) were determined by the method of indirect immunofluorescence with monoclonal 
antibodies using the BD FACSCalibur flow cytometer  (USA).

We found a significant increase in the blood concentrations of CD3+ cells, CD3+/CD8+/CD45+ cells, and CD19+/CD45+ cells 
and a decrease in the levels of CD16+/CD56+/CD45+ cells, microbicidal activity of oxygen-dependent function of neutrophils, and 
phagocytic activity of neutrophils, as well as a significant decrease in the levels of IgA, IgM, and IRI in MG, compared to CG. In SubA, 
compared to SubB, we found a significant decrease in CD3+ cells and CD19+/C45+ cells and a slight increase in immunoregulatory 
index. The concentrations of tissue cytokines in women of MG were characterized by a 3-fold increase in the level of pro- and anti-
inflammatory cytokines (IL-1β, ILs - 4, 6, 10, and INF-γ), and a 4-fold increase in the levels of TNF-α and IL-8, compared to CG. In 
SubA, in comparison with SubB, a significant decrease in anti-inflammatory cytokines (ILs-4,10) and chemokine IL-8 was revealed 
against the background of a significant increase in the concentrations of INF–γ.

Conclusion: The results obtained indicate changes in the reactivity of the immune system in women with reproductive disorders 
and chronic inflammation in the endometrium. The most pronounced changes in the local immunity indicators are observed when 
opportunistic pathogens are detected in the endometrial tissue.(International Journal of Biomedicine. 2020;10(4):362-368.)
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Introduction
Chronic endometritis (CE) is a poorly understood 

pathology. The high risk of reproductive dysfunctions, and 
complicated pregnancy and childbirth, in CE determines 
the need for a comprehensive study of this pathology. CE 
is mainly found in women of reproductive age, where its 
frequency ranges from 3% to 73%.(1-3) Patients with a chronic, 
oligosymptomatic inflammatory process in the small pelvis 
are particularly challenging for diagnosis and treatment. 
Evaluation of clinical manifestations revealed the absence 
of any clinical symptoms of CE in 35%–40% of patients.(4) 
It should be noted that the information content of using the 
minimum criteria for the diagnosis of pelvic inflammatory 
disease, which were proposed by the CDC (USA, 1993), in 
cases of CE is observed only in 33%.(4,5)

Traditional treatment regimens have not been very 
effective; according to some authors, their effectiveness does 
not exceed 58%-67%.(6-9) Prescribing antibiotics to patients 
with sluggish forms of CE is equated with drug aggression. 
In the absence of a proven persistence of a causally significant 
infectious agent, starting treatment with antimicrobial 
drugs is not recommended, since histologically proven 
chronic endometritis is based on the autoimmune nature of 
inflammation.(10) A number of studies have shown that the use 
of routine diagnostic methods does not allow identifying an 
etiological factor in 40%-70% of cases of CE.(11,12)

Infection is the basis of CE. Cicinelli et al.(13) analyzed 
438 cases of hysteroscopically diagnosed CE, and reported that 
73.1% exhibited ≥1 positive pathogen finding. Most commonly, 
CE is provoked by Enterococcus faecalis, Enterobacteriaceae, 
Streptococcus spp., Staphylococcus spp., Gardnerella vaginalis, 
and Mycoplasma spp., as well as genital pathogens associated 
with STIs (Ur. urealyticum, Chl. trachomatis, and Neisseria 
gonorrhoeae). Interactions between infectious agents and the 
endometrial environment are a major concern in the treatment of 
infertility, miscarriage, and preterm labor.(14) The main issue of 
CE requiring study is the interaction between microorganisms 
and endometrial immunity rather than just the presence of 
microorganisms in the endometrium. 

In a study performed by Matteo et al., the secretory 
endometrium of infertile women with CE displayed a 
significantly lower percentage of CD56+CD16- and of 
CD56(bright) CD16- cells (47.8% vs. 30.1% and 79.5% vs. 
67.3%, respectively; P<0.01) than a group of patients without 
CE, while the percentage of CD3+ cells was significantly 
higher (25% vs. 10.5%; P<0.01).(15) Kitaya and Yasuo (16) 
reported that lymphocyte B cell levels were elevated in the 
endometrium of patients with CE, and they also observed the 
abnormal expression of paracrine mediators, such as adhesion 
molecules and chemokines. Tortorell et al. found that IL-6, 
IL-1β, and TNF-α levels were markedly higher in menstrual 
effluents of infertile women with CE than in those of control 
subjects.(17) 

Complex interactions between the endocrine and immune 
systems govern the key endometrial events of implantation and 
menstruation. In contrast to other tissue sites, cyclical endometrial 
inflammation is physiological. However, dysregulation of 

this inflammatory response in the presence of opportunistic 
pathogens can lead to endometrial disorders.(4,6,18-22)

The objective of our study was to investigate the specific 
features of immune status indicators in women of reproductive 
age with CE and reproductive disorders.

Materials and Methods
The observational study involved 81 women of 

reproductive age with reproductive disorders. The main group 
(MG) included 50 women with CE (mean age of 29.2±5.34 
years). The control group (CG) consisted of 31 fertile women 
also of reproductive age(mean age of 30.7±5.9 years).

 MG was divided into the following subgroups:
- Subgroup A (SubA) included 31 patients with verified 

CE and an isolated infectious agent from endometrial tissue.
- Subgroup B (SubB) included 19 patients with verified CE 

and the absence of an infectious agent in the endometrial tissue. 
The criteria for inclusion in MG were the absence of 

pregnancy in regular sex life without contraception for a year 
or more or miscarriage during the last year, the diagnosis of 
CE verified by a histopathological examination. Exclusion 
criteria were the presence of causes for reproductive disorders: 
endocrine, genetic, hemostasiological, and immunological 
disorders, including male infertility.

The patients were examined according to the standards 
of infertility examination, including questionnaires, as well as 
general clinical, gynecological, and laboratory instrumental 
examinations. Endometrial aspiration pipe biopsy was performed 
on days 4-9 of the menstrual cycle (middle proliferative phase) 
using a disposable intrauterine probe (Taizhou Kechuang 
Medical Apparatus Co., Ltd, China) followed by histological 
examination of endometrial tissue. Laboratory diagnostics 
for STIs (N. gonorrhoeae, T. vaginalis, Ur. urealyticum, M. 
hominis, M. Genitalium. Chl. trachomatis) was performed 
using the bacterial culture method. For the diagnosis of viral 
infection (HPV, HSV, CMV), cervical samples were studied 
using PCR. If STIs were detected, the patients were excluded 
from further research. Microbiological studies of the vaginal 
biotope were carried out in accordance with the guidelines for 
research methods used in clinical and diagnostic laboratories of 
medical and preventive institutions. Ultrasound examination of 
the pelvic organs was performed using the Aloka-5500 device 
with a 7MHz vaginal probe in two-dimensional visualization 
mode. The concentration of cytokines (IL-1β, INF-γ, TNF-α, 
ILs-4,6,8,10) in the endometrium was determined using the 
Protein Contour test systems (Russia) and Multiskan EX ELISA 
Analyzer (Germany). 

The percentages and absolute counts of blood 
lymphocytes (CD3+, CD3+/CD8+/CD45+, CD19+/CD45+, 
and CD16+/CD56+/CD45+ cells) were determined by the 
method of indirect immunofluorescence with monoclonal 
antibodies using the BD FACSCalibur flow cytometer  (USA).

The study was carried out in compliance with Ethical 
Principles for Medical Research Involving Human Subjects, 
Adopted by the 18th WMA General Assembly, Helsinki, 
Finland, June 1964, and amended by the 64th WMA General 
Assembly, Fortaleza, Brazil, October 2013. The study was 
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approved by the Ethics Committee of the Scientific Center for 
Family Health and Human Reproduction Problems. Written 
informed consent was obtained from each patient.

Statistical processing was carried out using the 
STATISTICA Version 10  (StatSoft, USA). The normality of 
distribution of continuous variables was tested by Shapiro-Wilk 
test. The mean (M) and standard error of the mean (SEM) were 
calculated. The Mann-Whitney U-Test was used to compare 
differences between two independent groups. Group comparisons 
with respect to categorical variables are performed using chi-
square test. Spearman’s rank correlation coefficient was calculated 
to measure the strength and direction of the relationship between 
two variables. A value of P<0.05 was considered significant.

Results
In the medical history of the MG women, compared to CG, 

there were significantly higher cases of trichomoniasis (P=0.000), 
Chlamydia (P=0.000), ureaplasmosis (P=0.001), HSV (P=0.014), 
and candidiasis (P=0.03). In the structure of concomitant 
pathology, ENT (Ear, Nose, and Throat) disorders (P=0.04), 
kidney diseases (P=0.002), gastrointestinal disease (P=0.002), and 
allergic diseases (P=0.001) were diagnosed more often in MG.

In MG, a high frequency of opportunistic pathogens 
(OPs) was observed both in the cervical canal and in the 

endometrium. The detection rate of OPs in the cervical canal 
was 42%. Monoinfection was found in 8% of cases; a mixed 
infection with a predominance of an association of three types 
of microorganisms was found in 34% of cases. The number 
of microorganisms was in the range of 104–106 CFU/ml. The 
following OPs were isolated from the cervical canal: Ur. 
urealyticum (22%), coagulase-negative staphylococci (mainly 
S. epidermidis - 18%) with pronounced pathogenic properties 
in the form of hemolytic activity, and fungi of the genus 
Candida (18%0, Proteus (16%), and E.coli (10%). Among viral 
infections, CMV, HSV, and high-risk HPV were identified in 
8% for each pathogen. In CG, Ur. urealyticum, Candida, E. 
coli, M. hominis, Streptococcus, Citrobacter spp., Enterococcus 
faecalis, and low-risk HPV were detected as monoinfection in 
isolated cases.

The detection rate of microflora in the endometrium 
was 60%: monoinfection in 12% of cases and the presence 
two or three types of microorganisms in 48%. The number of 
microorganisms was in the range of 104–106CFU/ml. The species 
diversity of the endometrial microflora was represented by the 
groups of enterococci (E.coli - 28%, Enterococcus faecalis - 16%, 
Bacteroides spp. - 8%), staphylococci (Staphylococcus epidermidis 
- 18%, Staphylococcus haemolyticus - 8%, Staphylococcus aureus 
- 8%) and Streptococcus in 4% of cases, and by the absence of 
these pathogens in the control group. 

Table 1. 
The parameters of the cellular and humoral immune response in patients of study groups

Immunity indicators  MG (n=50) SubA (п=31) SubB (п=19) CG (n=31)
1 1/a 1/b 2

CD3+/CD45+ 72.56±7.5 72.53±8.7 72.33±7.6 71.09±4.6
CD3+ 1693±338.4* 2254.52±373.5^ 2574.73±202.9 1462±348.4
CD3+CD8+/CD45+ 28.6±4.8* 27.64±4.5 28.44±4.7 22.25±3.4
CD3+CD4+/CD45+ 43.1±5.4 45.11±0.2 43.29±5.6 45.93±5.3
CD3+CD4+CD8+/CD45+ 0.80±0.11 0.64±0.7 0.81± 0.8 0.74±0.17
CD16+56+/CD45+ 12±4.7* 12.17±5.2 12.14±4.7 13.6±4.7
CD19+/CD45+ 18±5.9* 11.88±2.1^ 15.14±2.6 12.13±3.4
Phagocytosis 52.6±10.4* 52.70±11.4 52.60±10.6 61.45±8.3
NBT-test spon. 5.4±3.2* 5.35±3.5 5.31±3.2 9.29±7.7
NBT-test ind. 28.±11.2 29.29±10.2 28.87±11.4 32.35±11.8
IgG, g/l 13.4±5.7 13.73±6.0 13.36±5.8 14.26±4.2
IgА, g/l 1.46±0.8* 1.47±0.8 1.48±0.8 2.3±1.1
IgМ, g/l 2.0±0.9* 1.90±0.9 2.00±0.9 2.6±0.8
CIC 37.0±11.1 36.11±11.1 37.10±1.3 40.74±14.1
IRI (CD4+/CD8+) 1.5±0.5* 1.68±0.7 1.55±0.6 2.12±0.4

*P1-2<0.05, ^P1/а-1/b<0.05

Table 2. 
The levels of cytokines in the endometrial tissue in patients of study groups 

Indicators of local immunity MG (n=50) SubA (п=31) SubB (п=19) CG (n=31)
1 1/a 1/b 2

IL-1β, pg/ml 64.9±6.25* 64. 97±39.25 62.85±43.54 23.64±3.37
IL-4, pg/ml 38±15.5* 22.38±20.12^ 38.22±13.71 13.71±1.93
IL-6, pg/ml 87.1±9.98* 85.32±39.91 87.00±71.15 39.53±3.81
IL-8, pg/ml 110.6±10.3* 92.82±48.24^ 112.98±12.80 23±2.42
IL-10, pg/ml 53.1±7.0* 38.67±39.46^ 51.34±51.35 26.67±4.61
INF-γ, pg/ml 53.82±4.38* 100.65±76.29^ 73.46±65.33 25.75±4.24
TNF-α, pg/ml 48.5±7.27* 58.00±54.25 48.17±53.34 9.48±0.85

*P1-2<0.05, ^P1/а-1/b<0.05 
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The immunity parameters in patients of both study groups 
are presented in Tables 1-2. We found a significant increase 
in the blood concentrations of CD3+ (T cells), CD3+/CD8+/
CD45+ (total T cells and suppressor/cytotoxic T-lymphocytes), 
and CD19+/CD45+ B cells and a decrease in the levels of 
CD16+/CD56+/CD45+ (NK cells), microbicidal activity of 
oxygen-dependent function of neutrophils, and phagocytic 
activity of neutrophils, as well as a significant decrease in the 
levels of IgA, IgM, and IRI in MG, compared to CG. In SubA, 
compared to SubB, we found a significant decrease in CD3+ 
T-lymphocytes and CD19+/C45+ B-lymphocytes and a slight 
increase in IRI.

The levels of cytokines produced by immunocompetent 
cells were determined in the endometrial tissue (Table 2). 
The concentrations of tissue cytokines in women of MG were 
characterized by a 3-fold increase in the level of pro- and anti-
inflammatory cytokines (IL-1β, ILs - 4, 6, 10, and INF-γ), and a 
4-fold increase in the levels of TNF-α and IL-8, compared to CG.

In SubA, in comparison with SubB, a significant decrease 
in anti-inflammatory cytokines (ILs-4,10) and chemokine IL-8 
was revealed against the background of a significant increase 
in the concentrations of INF–γ. 

Correlation analysis revealed an inverse correlation 
between T lymphocytes and B lymphocytes (r=-0.40) in MG, 
compared to a direct correlation in CG (r=0.61). In MG, we 
found the appearance of new correlations between NK cells and 
NBТ-test spontaneous(r=-0.51), and between phagocytosis and 
NBT-test induced (r=0.67), as well as weak negative correlations 
between IL-1 and CD3+ lymphocytes (r=- 0.28) and NBТ-test 
spontaneous (r=-0.32). Weak negative correlations were also 
found between INF-γ and NK cells (r=-0.28), IL-4 and CIC 
(r=-0.39). IL-4 positively correlated with CD19+ lymphocytes 
(r=0.32). At the same time, a negative correlation was found 
between IL-10 and CD19+ lymphocytes (r=-0.19) and positive 
correlations between IL-10 and IgA (r=0.35) and IgM (r=0.34).

Discussion
A definitive diagnosis of CE can only be made 

histologically and is noted by the presence of multiple plasma 
cells in the endometrial stromal area.(23-26) In this connection, 
CE may describe the condition in which immune cells monitor 
some aberrant pathogens, which reside in the uterine cavity for 
a long period, and regulate them to prevent the progression to 
intense inflammation.(27,28)  It is possible that CE is a state with 
old inflammation after acute endometritis.(29,30)

In CE women with infertility, we revealed the activation 
of cellular immunity (a significant increase in the blood 
concentrations of CD3+, CD3+CD8+/CD45+, and CD19+/
CD45+ cells and a decrease in the levels of CD16+CD56+/
CD45+ cells, microbicidal activity of oxygen-dependent function 
of neutrophils, and phagocytic activity of neutrophils, and IRI), 
in comparison with CG women.

Regarding humoral immunity, there was a significant 
decrease in IgA and IgM, which are necessary for maintaining 
the first line of immune defense of the mucous membranes 
from viral infection (P<0.05).(31) These data correlate with 
information about the absence of intersystem connections with 

the parameter of total phagocytosis activity that indicates an 
imbalance in the protective systems. A decrease in the oxygen-
dependent function of neutrophils (NBТ-test spontaneous) 
confirms the chronicity of the inflammatory process.(32)

The role of IgA in the immune defense is largely 
determined by its interaction with immunocompetent cells 
that carry out cell-mediated defense reactions(phagocytosis, 
cytotoxic effects, etc.).(33) It has been shown that there is a 
direct relationship between the activity of phagocytosis and 
the resistance of the organism to infection: the more active the 
phagocytosis in relation to microbes, the more pronounced the 
immunity to them, and vice versa.(34)

It is known that some stages of phagocytosis can be 
actively suppressed by microbes or be defective as a result of 
genetic disorders, which in both cases leads to the inability to 
effectively remove microorganisms and, as a result, chronic 
inflammation. The results obtained indicate a decrease in 
the functional activity of the immune system, reflecting the 
secondary immunodeficiency state, and are more characteristic 
of a chronic sluggish inflammatory process with reduced 
antiviral protection from the mucous membranes. 

An additional antigenic load in the verified CE with 
OPs leads to the activation of antigen-specific mechanisms 
of the immune response with the formation of further 
autoimmune reactions. An increase in the expression of all 
studied cytokines (IL-1β, IL-4, 6, 10, INF-γ,TNF-α , IL-8) in 
CE women, in comparison with CG, indicates the activation 
of immunocompetent cells in response to the formed chronic 
inflammation.(34-36) It is believed that a high concentration of 
IL-1 affects the systemic inflammatory response by inducing 
the synthesis of serum amyloid P in the liver that subsequently 
leads to the stimulation of IL-6 and the production of neutrophils 
in the bone marrow.(37)

Moreover, IL-1 also modulates the secretion of 
prostaglandins in the endometrium. Endometrial cells respond 
to the presence of bacteria by producing prostaglandins, 
in particular prostaglandin E2.(38,39) In addition, IL-1 in the 
endometrial tissue promotes the formation of endotoxin by 
bacteria and viruses and increases degranulation processes. 

IL-6 is a pleiotropic cytokine that regulates multiple 
biological processes, including the development of 
inflammation, immune responses, and the acute phase of 
chronic process exacerbation.(32) IL-6 also plays an important 
role in the processes of chronic inflammation, in particular, in 
infectious processes of bacterial etiology; it also participates 
in the activation of specific antibody synthesis in the second 
phase of the immune response.(32)

IL-8 enhances the directed migration of leukocytes to 
the inflammatory focus and, together with other cytokines, 
increases their functional activity aimed at eliminating 
pathogens.(40) At the same time, pro-inflammatory cytokines 
activate the metabolism of connective tissue and stimulate the 
proliferation of fibroblasts and epithelial cells necessary for 
healing and restoring tissue integrity. 

An increase in the level of IL-4 affects the activity of 
NK cells of the endometrium and reflects the activity of the 
humoral immune response and the synthesis of antibodies by 
increasing the level of sIgA.(33,40) IL-4 is one of the key inducers 
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of the development of an autoimmune response; it is involved 
in the development of proliferative and fibrotic processes.

The results obtained in our study indicate changes in 
the immune response that are characteristic of inflammation 
in CE women. It is well known that the power of the immune 
response is determined by the antigen load.(35,41) In the presence 
of OPs, we noted the more pronounced changes in the local 
immune response. The presence of an infectious agent in the 
endometrium was characterized by multidirectional changes in 
cytokine levels, which were expressed by a significant increase 
in the concentration of TNF-α and INF-γ and by a significant 
decrease in ILs-4,10 and IL-8 (P<0.05). It is known that an 
increased immune response during the presence of an infectious 
agent is associated with a higher level of mRNA expression 
encoding TLR4 and TLR2, which recognize bacterial LPS 
and lipopeptides, respectively, as mechanisms of bacterial 
persistence.(42-44) 

In the CE endometrium, there was a significant (1.5-
fold) increase in the concentration of INF-γ, relative to the data 
obtained in CG (P<0.05). INF-γ is the most important endogenous 
immunomodulator necessary for the development of a specific 
immune response. It is known that in the late stages of acute 
inflammation and in chronic inflammation, INF–γ enhances 
the secretion of antibodies, including autoreactive ones.(45,46)  
Fournier and Philpott (47) showed that several innate immunity 
receptors may be implicated in host defense against S.aureus. 
The ability of peptidoglycan and lipoteichoic acid isolated from 
Staphylococcus aureus to induce the release of TNF-𝛼, IL-6, 
and IL-10 by T cells and monocytes was determined by Wang 
et al.(48) In turn, sIgA and INF-γ are associated with the level of 
TNF-α, which is one of the key cytokines in implementing the 
antiviral immune response, as well as in regulating the intensity 
of inflammation and the effectiveness of immune defense.(32,34) 
There is a study showing the inhibitory effect of TNF-α on the 
growth of HSV-infected cells, which is enhanced by the action 
of INF-γ.(49)

A pronounced increase in the chemokine genes, 
found after E.coli inoculation, can lead to the recruitment 
of neutrophils, monocytes, and T-lymphocytes.(38,50) We 
noted a decrease in IL-8 and the microbicidal activity of 
neutrophils (P<0.05). This indicates that the neutrophil impact 
is insufficient, the development of an adequate immune 
response is slowed down, and therefore the infectious agent 
that contributes to its persistence is not fully suppressed.

Pro-inflammatory reactions, in order to avoid excessive 
immune activation by bacteria, including the effects of IL-1, 
TNF-α, and IL-6, depend on anti-inflammatory mediators such 
as IL-10, transforming factor 1-β, and prostaglandin E2.(46,51,52)

Some researchers have shown that genes for anti-
inflammatory cytokines (IL-10 and IL-13) were expressed at 
very low levels and there was no significant increase in them in 
the absence of infection, while the expression of these cytokines 
increased in response to E.coli invasion. This activity of anti-
inflammatory cytokines prepares the immune response for 
rapid suppression of pro-inflammatory cytokines to prevent an 
excessive inflammatory response.(15,53)

A decrease in ILs-4,10 in response to the activity of an 
infectious agent in our study indicates the development of an 

inadequate, pronounced, local inflammatory reaction in the 
endometrial tissue with a deficiency of anti-inflammatory 
cytokines, which may be one of the mechanisms of long-term 
persistence of the infection in the endometrial tissue.

The presence of a persistent infection characterizes 
a decrease in the organism’s resistance to colonization. It 
determines the outcome of inflammation (infection). Its decrease 
is caused by factors that lead to changes in the normoflora—the 
activity of OPs and/or a decrease in the number of lactobacilli. It 
is possible that the isolated OPs from the endometrium have an 
anti-lactoferrin activity, which is the mechanism for maintaining 
their existence and persistence. According to some studies, the 
maximum percentage of women with “deep dysbiosis,” when 
the density of lactobacilli is insignificant or not registered by 
cultural methods, was observed in 49% of women with chronic 
pelvic inflammatory diseases. In 53% of women with infertility 
and miscarriage, the complete absence of lactobacilli was also 
observed.(54) 

In conclusion, the results obtained indicate changes in the 
reactivity of the immune system in women with reproductive 
disorders and chronic inflammation in the endometrium. The 
most pronounced changes in the local immunity indicators are 
observed when opportunistic pathogens are detected in the 
endometrial tissue. 
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