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Abstract. Financial management in health care assumes economic analysis as a management function comparing 
different diagnostic schemes for chronic diseases. In health care management, there are high diagnostic costs as the most 
important element in the correct diagnosis and prescription of the necessary therapy. Initial studies of the cervical canal 
and endometrial microbiome suggest an association with reproductive outcomes in assisted reproduction and various gy-
necologic pathologies such as chronic endometritis, endometriosis, and dysfunctional uterine bleeding. The high incidence 
of chronic cervicitis and endometritis increases interest in the study of this issue. In the pathogenesis of the development of 
these processes, the role of anaerobic-aerobic microbial associations is not excluded. The purpose of the scientific review was 
to analyze the costs of diagnosing diseases when changing the pre-existing paradigm of treatment and the importance of 
cervicitis in the development of chronic endometritis. The elements of an independent scientific contribution are the analysis 
of the role and contribution of cervicitis in the development of endometritis in order to optimize the timely and correct treat-
ment of patients. New approaches have been proposed for calculating the economic feasibility of diagnosing chronic diseases.
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Introduction. Economic growth or recession de-
pends to a certain extent on the health status of the 
female population. Losses, both social and econom-
ic, will increase in the absence of effective measures 
to control the timely detection of chronic diseases. 
According to the forecasts of the Organization for 
Economic Cooperation and Development, the costs 
of health systems due to the growing burden of 
chronic diseases could double by 2050 and reach 13 
% of the gross domestic product [1]. This will not 
only impose a significant burden on the health care 
system, but also pose a threat to the country's social 
and economic stability. Endometritis is a fairly com-
mon and difficult to diagnose disease that leads to 
serious economic losses, including a deterioration 
in a woman's quality of life and a high probability 
of reduced fertility.Тhe microbial colonisation of the 
female genital tract has been extensively studied 
over the past few decades. The cervicovaginal mi-
crobiome plays an important role in women's repro-
ductive health, influencing rates of preterm birth 
and neonatal mortality, the incidence, susceptibility 
and potential transmission of sexually transmitted 
infections, and other important clinical conditions, 

such as pelvic inflammatory disease [2, 3]. The dif-
ficulty in studying the upper parts of the genital 
tract and, in particular, the intrauterine and endo-
metrial microbiome is complicated by the problem 
of sterile access without contamination by the flora 
of the cervical canal, as well as by the significantly 
lower biomass of the upper parts as compared to 
the lower part of the reproductive tract. Studies us-
ing next-generation sequencing of the bacterial 16S 
ribosomal RNA (16S rRNA) gene have provided con-
vincing evidence for the existence of an upper fe-
male reproductive tract microbiome [4]. Materials 
and methods. A comparative analysis of the cost as-
sessment of methods for diagnosing diseases using 
foreign data on the economic efficiency and diag-
nostic capabilities of methods for detecting cervici-
tis and chronic endometritis is carried out, and the 
lack of domestic research in this area is indicated. 
The analysis of literary data for the last years was 
carried out using the main electronic search data-
bases. The analysis of microbiological and diagnos-
tic characteristics as well as the frequency of occur-
rence of the described pathological conditions was 
carried out. Attention is focused on the emerging 
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difficulties in diagnosing and clarifying the diag-
nosis, as well as the imperfection of the diagnostic 
methods themselves.

Results. The structure of economic damage to 
diseases can be represented as a pyramid, in which 
the apparent direct costs represent a smaller part of 
the damage. The second link will be economic losses 
due to a decrease in labor efficiency due to tempo-
rary disability. The third link is indirect economic 
effects. In this regard, the most common method for 
determining the cost of illness, taking into account 
direct and indirect costs using the method of hu-
man capital [5, 6]. This method allows to take into 
account the direct costs of the health care system 
and indirect losses in the economy associated with 
temporary disability, disability and premature mor-
tality. In the Russian Federation, the frequency of 
chronic endometritis ranges from 0.2 % to 60 %, 
mainly affecting a layer of women of reproductive 
age. The average cost of diagnosing this disease 
ranges from 10 to 20 thousand per woman, depend-
ing on the region, while the cost of diagnostics and 
timely treatment of inflammatory diseases of the 
cervix is much lower. Therefore, it is necessary to 
understand both the etiology and pathogenesis, and 
the optimal cost-effective ways to diagnose these 
conditions.

Over the past century, based on the work of Hen-
ry Tissier in 1900, it was unanimously believed that 
the uterine cavity was sterile, and for a long time 
this statement was not questioned [7, 8]. The new 
era has changed the existing axiom. Examining hys-
terectomized uterus, scientists discovered the pres-
ence of bacteria in the endometrium, but their num-
ber was much lower than in the vagina [9, 10]. Other 
researchers have also successfully confirmed that 
the uterine cavity is not sterilized [11, 12]. Current-
ly, there is no unitary representation of the patho-
genesis of the combination of chronic cervicitis and 
chronic endometritis, showing the biomechanisms 
of formation and interaction of the different aspects 
of the pathogenetic chain and explaining the basis 
of the chronic inflammatory process. Cervicitis is 
rarely isolated, forming a single biosystem with the 
vulva and vagina.

It is important to note that most cases of cervi-
citis are not a specific inflammatory agent but an 
association of several pathogens, which, according 
to Serov et al., is due to the low effectiveness of 
antibacterial drugs due to their improper use and 

development of resistance of microorganisms to 
modern anti-inflammatory drugs [13]. Endometrial 
condition plays an important role in the realization 
of reproductive potential. According to different au-
thors, the prevalence of chronic endometritis rang-
es from 10 to 85 % [14], which is due to certain dif-
ficulties in diagnosis and clinical and morphological 
verification of this disease. To date, chronic endo-
metritis is regarded as a clinical and morphological 
syndrome in which multiple secondary morpholog-
ical and functional changes occur due to persistent 
endometrial damage by an infectious agent, impair-
ing cyclic biotransformation and receptivity of the 
uterine corpus mucosa.

Over the past few years, studies of endometri-
al and peritoneal samples obtained from healthy 
women and women with benign and non-infectious 
gynaecological diseases have shown a continuum of 
microbiota with decreasing biomass and increas-
ing diversity from the lower to the upper parts of 
the reproductive tract. It has been suggested that 
upper genital tract infection results from patholog-
ical penetration of vaginal bacteria into the upper 
genital tract [8, 15]. Kunz et al. performed a study 
illustrating the reaching of the uterine cavity with 
radioactively labelled macrospheres within minutes 
of insertion into the external cervical pharynx, and 
documented a uterine peristaltic pump mechanism 
actively transporting vaginal contents into the uter-
us [16]. Zervomanolakis et al extended these results 
by demonstrating the lifting of particles through the 
cervix within minutes during the follicular and lute-
al phases of the cycle [17].

 The pathogenesis of chronic endometritis is re-
lated to qualitative and quantitative changes in the 
endometrial microbiota, with abnormal prolifera-
tion of different types of micro-organisms, main-
ly Gram-negative and intracellular bacteria (e. g. 
Enterococcus faecalis, Mycoplasma, Ureaplasma, 
Chlamydia, Escherichia coli and Streptococcus spp.) 
[18]. As evidence of an infective etiology of chronic 
endometritis, several studies have found that cer-
tain courses of antibiotics can cure chronic endo-
metritis in most patients [18, 19, 20]. It should be 
noted that chronic endometritis is characterised by 
plasma cell infiltrates, which are associated with 
almost all autoimmune conditions, including rare 
autoimmune diseases of the reproductive system 
(e.g. autoimmune oophoritis) [21]. To test the hy-
pothesis of chronic endometritis as an autoimmune 
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condition, a recent study by Kushnir et al. compared 
different inflammatory and autoimmune markers 
between infertile women with chronic endometritis 
and infertile women without chronic endometritis. 
The authors failed to demonstrate different values 
of total immunoglobulins, antinuclear antibodies, 
thyroid antibodies and antiphospholipid antibod-
ies between the two groups compared, concluding 
that chronic endometritis has no significant auto-
immune component [22]. Although these results 
need further confirmation, the hypothesis of auto-
immune chronic endometritis cannot be confirmed 
at present.

As early as 1985, a study analysing the prevalence 
and manifestations of endometritis among women 
with cervicitis was published. The results, which 
significantly correlated with the development of 
endometritis, included a history of intermenstrual 
bleeding, the presence of C. trachomatis, N. gonor-
rhoeae or S. agalactiae in the cervix, and the pres-
ence of serum antibodies against C. trachomatis or 
M. Hominis [23].

In 2018, Chinese researchers improved the meth-
od for recognizing chronic endometritis. The entire 
tissue sample was examined for the presence of 
CD138“+” plasma cells, the area of the examined tis-
sue was determined, and the density of plasma cells 
per unit area was measured. To obtain a complete 
understanding of microorganisms in chronic endo-
metritis, sequencing of the 16S rRNA gene amplicon 
was used. The results obtained confirmed the pre-
viously known data that Lactobacillus is the most 
widespread genus of the healthy endometrial mi-
crobiota In endometrial samples from patients with 
chronic endometritis, the content of Lactobacillus 
was 42.7 times lower than in the control group. 
Lactobacillus were more abundant in non-chronic 
endometritis microbiota [24]. There was a negative 
correlation between Lactobacillus and bacteria of 
the genus Anaerococcus, Finegoldia and Gardnerel-
la, as well as between Staphylococcus and Lactoba-
cillus. However, there was no statistically signifi-
cant association of Streptococcus, Mycoplasma or 
Ureaplasma with chronic endometritis, although 
they were previously found in the uterine cavity 
in chronic endometritis in other studies. In other 
words, apart from Gardnerella and Staphylococcus, 
there has been no previously reported association of 
16 genera other than Lactobacillus with chronic en-
dometritis, as found by Yingyu Liu et al [24]. Fang 

et al., Studying the difference in the microbiome in 
a group of women with chronic endometritis and 
endometrial polyps and a group of healthy women, 
reported higher levels of Lactobacillus in women 
with endometrial pathology. Phylum Firmicutes in 
the study group were much higher, and Proteobac-
teria were much lower than in the control group. 
At the genus level, in the study group, a significant 
increase in Lactobacillus, Gardnerella, Bifidobac-
terium, Streptococcus and Alteromonas and a de-
crease in the amount of Pseudomona were found 
[25]. These results are supported by other studies 
based on the method of molecular biology. Mitchell 
et al [26]. demonstrated that the presence of bacte-
ria in the uterine cavity is not associated with a sig-
nificant inflammatory immune response, indicating 
that the existence of low-level commensal bacteria 
in the uterus is common and not pathological.How-
ever, the results of Fang et al. differed from the re-
sults obtained in the study by Ettore Cicinelli et al 
[27] who cultured various bacteria from endometri-
al samples from women with chronic endometritis. 
In their study, most of the samples tested only one 
species of bacteria due to the limitations of culture 
methods, and positive endometrial cultures showed 
a high correlation with the existence of chronic en-
dometritis. The reason may be that most of the com-
mensal intrauterine microbiota cannot be cultured, 
and intrauterine bacterial colonization is not always 
benign. The pathological properties of intrauterine 
bacteria can be associated with particularly virulent 
strains or species, high concentrations of bacteria, 
or polymicrobial dysbiosis on the surface of the en-
dometrium.

Cicinelli at al. conducted a prospective diagnos-
tic study investigating the reliability of vaginal and 
endocervical cultures to assess endometrial micro-
biology in women with chronic endometritis. Micro-
organisms commonly found in chronic endometritis 
are the common bacteria – Streptococcus species, 
Escherichia coli species, Enterococcus faecalis and 
Staphylococcus species, Mycoplasma / ureaplasma 
species (Mycoplasma genitalium, Mycoplasma hom-
inis and Ureaplasma proteugiosaus), Pneumococcus 
species, Gardnerella vaginalis, Corynebacterium 
and yeast (Saccharomyces cerevisiae and Candida 
species) [25, 28]. Endometrial, vaginal and cervi-
cal canal cultures from women with chronic endo-
metritis were compared to examine the percentage 
ratio of the etiological agent. There was a statisti-
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cally significant difference for streptococci, staph-
ylococci, Escherichia coli and Ureaplasma urealyt-
icum (which were found to be more prevalent in 
the vagina than in the endometrial samples). The 
match rate between endocervical and endometrial 
samples for simple bacteria was 48 %; 100 % for 
C. trachomatis and 58 % for U. Urealyticum. Both 
vaginal and cervical cultures have a low concord-
ance with endometrial cultures. In particular, posi-
tive endometrial cultures for Staphylococcus aureus 
did not show positive vaginal results. On the other 
hand, chlamydia has 100 % concordance between 
endometrial and cervical cultures.

Changes in the ratio of lactobacilli, [9], may be 
another characteristic feature of chronic endometri-
tis, although research results are conflicting. While 
analysis of studies using classical cultures showed a 
decrease in the number of lactobacilli in the endo-
metrium in women with chronic endometritis and 
suffering from infertility than in women without 
chronic endometritis, other studies using barcode 
sequencing have found an increase in the level of 
lactobacilli in chronic endometritis [25, 29].

It is important to emphasise that micro-organ-
isms detected in endometrial tissue are often in-
compatible with those found in cervical tissue or 
vaginal discharge [18], and it is likely that micro-
biological studies using lower genital tract samples 
cannot predict pathogens of chronic endometritis 
[25]. A study by C. Mitchell et al, based on a quali-
tative endometrial polymerase chain reaction after 
hysterectomy, showed that 95 % of samples showed 
colonisation by at least one bacterial species. In ad-
dition, evidence of non-identicality of the vaginal 
and endometrial microbiota is presented.

Moreno and colleagues reported similar results. 
In particular, the most abundant bacteria detected 
in his study were Streptococci (47 %), followed by 
Еnterococci (15 %), E. coli (12 %), K. pneumoni-
ae (5 %), Staphylococci (3 %) and M. hominis (2 
%) [30]. These results are very similar to previous 
findings, and in particular that streptococci are the 
most common micro-organism in the endometrium 
in chronic endometritis. G. vaginalis was detected 
in 7 % of the samples analysed and this is in agree-
ment with Liu [24].

To address the problem of contamination of cer-
vical samples by vaginal microbiota, Chen at al. col-
lected endometrial samples without passing through 
the cervix. However, the specificity of the sampling 

route was tested by collecting endometrial samples 
through the uterus as well as through the cervical 
pharynx and vagina. The distribution of bacteria in 
samples collected via the cervical pharynx showed 
a high similarity to that in samples obtained by 
opening the uterus during surgery, suggesting that 
the uterine and cervical microbiota may be easily 
accessible and analysed in women without surgical 
intervention [9].

Bacterial vaginosis is known to be characterised 
by a lower prevalence of lactobacilli and a high ac-
tivity of obligate-anaerobic bacteria and, if cervi-
citis is also present, by facultative-anaerobic flora 
in titres exceeding the clinically acceptable thresh-
old. Although there is a large number of studies 
confirming the etiological role of bacterial vagino-
sis-associated micro-organisms in the causation of 
pelvic inflammatory processes, their role in the in-
itiation and maintenance of chronic uterine inflam-
matory processes is controversial [31]. A study by 
Korn et. al. showed that plasmatic endometritis was 
more common in women with bacterial vaginosis, 
without other cervico-vaginal infections, suggesting 
a possible association between bacterial vaginosis 
and non-chlamydial, non-celiac upper tract infec-
tions [32]. Contrary results were obtained by W.W. 
Andrews et al. who found an association between 
asymptomatic bacterial vaginosis and the likelihood 
of endometrial microbial colonisation and bacteri-
al colonisation associated with bacterial vaginosis, 
but found no association of bacterial vaginosis with 
plasmatic endometritis [33].

A recent study conducted at the D.O. Ott Research 
Institute found no association between chronic en-
dometritis and bacteria associated with bacterial 
vaginosis, as detected by the Femoflor-16, an ex-
panded real-time PCR assay of the urogenital tract 
microflora profile of women. In the study groups 
of women with and without chronic endometritis, 
there were no statistically significant differences in 
the frequency of micro-organisms characteristic of 
bacterial vaginosis. The only microorganism asso-
ciated with the development of bacterial vaginosis 
found much more frequently in patients with severe 
chronic endometritis than in those without signs of 
inflammation in the endometrium was Atopobium 
vaginae. However, the difference was not statisti-
cally significant [34]. In contrast, other studies by 
foreign colleagues have identified an important role 
of Atopobium vaginae in the genesis of chronic en-
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dometritis. In a study by Haggerty et al. A. vaginae 
was found in 83 % of patients with pelvic inflam-
matory disease [35].

An earlier study by another author also showed 
an association with histological endometritis of A. 
vaginae and G. vaginalis . Other anaerobic bacteria 
associated with bacterial vaginosis, including Pre-
votellatimonensis, P. amnii and Peptoniphilusharei 
were also more frequently found in the endometri-
um in women with endometritis, but no statistical 
significance was found [36].

 Haggerty and colleagues investigated the rela-
tionship between bacteria associated with bacte-
rial vaginosis, pelvic inflammatory disease and its 
long-term sequelae. The researchers performed an 
endometrial biopsy and polymerase chain reaction 
of both the endometrium and cervical discharge. S. 
sanguinegens (54 %), S. amnionii (66 %), A. vagi-
nae (83 %), Bacteria associated with bacterial vagi-
nosis (65 %), U. urealyticum (30 %) and U. parvum 
(58 %) were commonly isolated from the cervix and 
endometrium. S. sanguinegens, S. amnionii, A. vagi-
nae and bacteria associated with the development 
of bacterial vaginosis were significantly associated 
with bacterial vaginosis. Women who tested posi-
tive for each of the bacteria in the cervix were more 
likely to test positive for each of the other bacte-
ria, except for U. parvum, which was not associated 
with any other bacteria. S. sanguinegens and S. am-
nionii, were found simultaneously in the endometri-
um in 97 % of samples positive for S. sanguinegens 
and in 52 % of samples positive for S. amnionii. It 
was also observed that women who tested positive 
for all four bacteria associated with bacterial vagi-
nosis in the cervix and endometrium were almost 
four times more likely to suffer from infertility [35].

Studies published to date suggest that the upper 
and lower genital tracts share common microbial spe-
cies. Additional possible routes of microbial contam-
ination of the uterine cavity include haematogenous 
spread of the gut and oral microbiota [27]. Although 
Lactobacillus species dominate the vaginal microbi-
ome in most women, it is unclear whether this feature 
is common to healthy and inflammatory conditions 
of the upper genital tract, including the endocervix 
and uterine cavity. While most studies of intrauterine 
specimens obtained transcervically revealed a pre-
dominance of Lactobacillus presence and the relative 
amount of Lactobacillus in endometrial specimens 
obtained by hysterectomy was more variable.

Several studies comparing the microbiome of the 
reproductive system in one woman have suggest-
ed a decrease in Lactobacillus abundance from the 
lower to the upper parts of the genital tract [19]. 
This is consistent with Winters at al, who examined 
the molecular microbial profiles of mid-endometrial 
samples obtained after hysterectomy and compared 
them with those of the cervix, vagina, rectum and 
oral cavity, and also performed controls for back-
ground DNA contamination. The bacterial profiles 
of the endometrium differed from those of the oral 
cavity, rectum, vagina and background DNA, but not 
the cervix. Lactobacillus and Gardnerella predom-
inated in the profiles of the vaginal samples. The 
most prominent taxa in rectal samples were Fineg-
oldia, Prevotella, Peptoniphilus, Streptococcus and 
Bacteroides. In oral samples, the most prominent 
taxa were Streptococcus, Veillonella, Haemophilus, 
Neisseria, Prevotella, Fusobacterium, Actinomyces, 
Rothia and Gemella. In contrast, Acinetobacter pre-
dominated in the bacterial profiles of cervical and 
endometrial samples. The major taxonomic units in 
both cervix and endometrium included Acinetobac-
ter, Pseudomonas, Comamonadaceae and Cloacibac-
terium [37].

Kobaidze E.G. and Padrul M.M. compared the 
microbiome of the cervical canal and uterine cavity 
in chronic endometritis and in healthy women. The 
findings showed a positive microflora growth in cer-
vical and uterine samples obtained from both groups 
of women. In healthy women as well as in patients 
with chronic endometritis, lactobacilli were detected 
in both cervical and uterine specimens, but a higher 
growth of the different microflora was recorded in 
specimens from patients with chronic endometritis. 
One in eight patients with chronic endometritis was 
found to have Escherichia coli producing extend-
ed-spectrum β-lactamase in cervical specimens. The 
microbiome of the endometrium and cervical canal 
were similar but not identical [38].

Conclusions. Cervicitis and chronic endome-
tritis are associated with negative socio-economic 
consequences not only for the woman herself, but 
also for the state, as the chances of temporary dis-
ability and the emergence of a demographic crisis 
increase [39]. The cost-effectiveness of prevention 
interventions should include the full range of health 
promotion benefits, not just the impact on the costs 
of health care. In the aspect of health economics, 
population-based measures, primarily those recom-
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mended by the World Health Organization, are ad-
visable. Microflora is an integral part of the human 
body, which has an undeniable effect on the regula-
tion and stabilization of the most important meta-
bolic and energy processes at an optimal level. It is 
safe to say that further determination is needed as 
to whether a “nucleus” or resident microbiota of the 
uterus exists, as well as its contribution to health 
and homeostasis. In addition, complementary stud-
ies are needed to elucidate the functional influence 

of the microbiota of the uterus or specific types of 
bacteria, as well as the influence of these microbes 
on the physiological state of local homeostasis. Mod-
ulating the microbiota of the uterus to restore and 
maintain microbial composition is a promising area 
of research with high clinical relevance. Further 
study of the cervical canal and uterine cavity mi-
crobiome is therefore important in understanding 
and predicting the development of chronic pelvic in-
flammatory processes and reproductive outcomes.
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Управление затратами при различных схемах диагностики 
цервицита и хронического эндометрита

Аннотация. Финансовый менеджмент в здравоохранении предполагает экономический анализ как функцию 
сравнения управления различными схемами диагностики хронических заболеваний. В менеджменте здравоох-
ранения существуют высокие затраты на диагностику, как наиболее важный элемент в правильной постановке 
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диагноза и назначении необходимой терапии. Первоначальные исследования микробиома цервикального канала 
и эндометрия предполагают их связь с репродуктивными исходами при вспомогательной репродукции и различ-
ными гинекологическими патологиями, такими как хронический эндометрит, эндометриоз и дисфункциональное 
маточное кровотечение. Высокая частота хронических цервицитов и эндометритов повышает интерес к изучению 
этого вопроса. В патогенезе развития этих процессов не исключена роль анаэробно-аэробных микробных ассоци-
аций. Целью научного обзора является анализ издержек на диагностику заболеваний при изменении ранее суще-
ствовавшей парадигмы лечения и значение цервицита в развитии хронического эндометрита. Элементом само-
стоятельного научного вклада является анализ роли цервицита в развитии эндометрита для целей оптимизации 
своевременного и правильного лечение пациенток. Предложены новые подходы в расчётах экономической обосно-
ванности диагностики хронических заболеваний.

Ключевые слова: менеджмент в здравоохранении, экономический анализ, экономическая эффективность, 
цервицит, хронический эндометрит, микробиом.
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