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THE USE OF REAL-TIME PCR FOR EVALUATION OF ENDOMETRIAL MICROBIOTA
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Chronic endometritis (CE) in women of the reproductive age is associated with infertility and recurrent pregnancy loss. The aim of this study was to evaluate the
endometrial microbiota by means of real-time PCR in reproductive-age women depending on the morphological pattern of the endometrium. Using the Androflor
real-time PCR kit, we analyzed endometrial aspirate collected from 23 patients with chronic endometritis, 30 patients with endometrial hyperplasia, and 19 healthy
women. DNA of up to 9 groups of microorganisms was detected in all the analyzed samples in the amounts exceeding negative control. The total bacterial load
(TBL) of the detected microorganisms was 10°-10%* (median 10°8) GE/ml. Lactobacillus spp. were detected the most often (86.1% of all samples). Opportunistic
microorganisms (OM) were identified in 36.1% of all samples, including 22.2% of samples with lactobacilli and 13.9% — without lactobacilli. The variant of
microbiota composition with Lactobacillus-dominance (more than 90%. in the TBL) was detected significantly less often in women with chronic endometritis
compared to healthy women. Real-time PCR could be used for assessment of endometrial microbiota and allows us to determine its characteristics depending
on the morphological pattern.
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BO3MO>XHOCTU OLIEHKN MUKPOBWOTbI MONTOCTU MATKW C UCMNOJIb3OBAHUEM T1LIP
B PEAJIbHOM BPEMEHMU

E. C. BopowwunuHa'? &, 1. J1. BopHukos?, O. B. Konocosa?, [. K. Vicnamuaun'?, K. tO. VirnaTosa', E. M. Abakymoga', H. B. Kypbatosa', E. 3. [notko'

T MegunumHeknin LeHTp «fapmoHmns», EkatepuHbypr, Poccus
2 YpanbCKuin rocyaapCTBEHHbIN MEAVLIMHCKWIA yHMBEepcuTeT, EkatepunHbypr, Poccus

Hannyre xpoHn4eckoro aHAoMeTpUTa (X3) y >KEHLLWH PEenpopyKTMBHOIO BO3pacTa acCoLMMPYIOT C 6eCnoavemM 1 HeBblHaLLMBaHeM 6epemMeHHoCTH. Lienbto
paboTbl ObINIO OLIEHWUTL COCTOAHME MUKPOBMOTHI MOMOCTU MaTK METOAOM NOAMMEPA3HOM LIEMHOWM peakLmn B pexxrme peanbHoro Bpemenn (MLP-PB) y »eHLLmH
PENPOAYKTUBHOrO BO3pacTa B 3aBVICYMOCTY OT MOPAONOrMHECKON KapTuHbI aHAOMeTpUs. C MOMOLLBIO TecTa «AHAPOdIOoP» MCCNefoBan MUKPOBUOTY acnmparta
9HAOMETPUS, NMOMYHEHHOro OT 23 nauneHTok ¢ X3, 30 naumeHToK ¢ runeprnasvien sHooMeTpua 1 19 300poBbIX XeHLLMH. Bo Bcex nccnegyembix obpaduax
obHapy>xun OHK ot 1-9 rpynn MUKPOOPraHW3MOB B KOMMHYECTBaX, MPEBbILLAOLLMX NokasaTenn, nofyHeHHbIe A8 OTprLaTenbHbIX KOHTPOSBbHBIX 06pasLoB.
Oblas bakTepranibHas Macca BbisBsSieMbIX MyKpoopraHimamos (OBM) coctasuna 10°-10°4 (vemparna 10%8) F9/mn. B 86,1% cnyyaes BbisiBAnm Lactobacillus spp.
YCNOBHO-NaTOreHHble MUKPOOPraHn3mMbl naeHTuduumposam B 36,1% o6paduos, B ToM 4ucne B 22,2% — B codeTaHnn ¢ naktobauunnamu n 8 13,9% —
6e3 nakTobaumn. Y naumeHTok ¢ X3 OOCTOBEPHO PEXEe B CPABHEHWUM C FPYMMOn 300POBbIX YKEHLLVH BbISBNANM BapyaHT MUKPOOMOTbI, XapakKTepuayoLLMIACS
Hanu4vem Lactobacillus spp. ¢ yaeneHeiM Becom B OBEM He MeHee 90%. Takvm o6pasom, meTog, MNLP-PB MoxeT 6bITb MCMoNb30BaH A5 OLEHKM MUKPOBMOTbI
MOIOCTV MaTKN 1 MO3BONISET ONPEeAeTb ee 0COBEHHOCTY NP Pa3NN4HON MOPONOrNHECKOM KapTUHE 3HAOMETPHS.

KntoueBble cnoBa: MvkpoburoTa aHgomeTpust, MNLIP-PB, xpoHuyeckmin aHgomeTpuT, Lactobacillus spp.
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For a long time, uterine cavity was thought to be sterile [1].
Recently, the implementation of molecular-based assays has
made it possible to identify difficult to culture or unculturable
microorganisms collected from the endometrial surface of
reproductive-age women [2-7]. There is no consensus on
the contribution of opportunistic microorganisms (OM) to the
development of endometrial inflammation [8, 9], and this raises
doubts about the necessity of antimicrobial therapy in patients
with chronic endometritis (CE). Importantly, CE is diagnosed in
about 10% of women of reproductive age [10] and is associated
with infertility and recurrent pregnancy loss [1, 8, 11-14].

For weak positive results of molecular assays, interpretation
is always difficult due to the possibility of contamination of
the analyzed sample. On the one hand, vaginal or cervical
microbiota could be the source of such contamination because
the transcervical method for endometrial sampling is common in
clinical practice [5, 6]. On the other hand, small concentrations
of bacterial DNA could be present in DNA extraction kits (this is
known as kitome) due to a number of reasons, and it is almost
impossible to fully exclude the presence of contaminating DNA
[15]. The latter does not present a problem when analyzing
biotopes with high bacterial concentrations, such as feces or
vaginal discharge, because in this case the concentrations
of the analyzed DNA by far exceed those of the kitome.
However, even minor amounts of such contaminants can
endanger endometrial testing: in the endometrium, microbial
concentrations rarely exceed 10* cells per sample [16].

Currently, most endometrial microbiota testing relies on
the use of next-generation sequencing (NGS) [3-6], which
is an expensive and labor-intensive approach more suitable
for scientific research rather than routine analysis and not
universally available in practical healthcare. By contrast,
quantitative real-time polymerase chain reaction (real-time
PCR) is a molecular technique most suitable for routine usage:
robust, simple, affordable and easily standardized. However,
there have been only few reports on the use of real-time PCR
for endometrial microbiota analysis [7, 17].

The aim of this study is to evaluate a potential correlation
of the state of endometrial microbiota and the morphological
pattern of the endometrium in women of reproductive age by
means of real-time PCR.

METHODS
Participants

Seventy-two reproductive-age women (age range 21-45
years, mean age 33 + 5.2 years) who sought preconception
care or medical advice about their reproductive health at the
“Garmonia” Medical Center (Yekaterinburg) between September
and December 2019 were recruited for the studly.

The following inclusion criteria were applied: age of 18-45
years; no current pregnancy; a regular menstrual cycle; bad
obstetric and gynecological history including infertility, induced
or spontaneous abortion, missed abortion, chronic endometritis.

Exclusion criteria: intake of hormonal contraceptives or
an intrauterine device at the time of examination or within
6 months before it; cancer; HIV; pelvic or lower genital tract
inflammation at the time of examination; antibacterial treatment
within 4 weeks before the study.

Endometrial sampling

Endometrial aspirates were collected on day 7-10 of the
menstrual cycle using Endobrush Standard for Endometrial
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Cytology (Laboratoire C.C.D.; France). Endobrush is protected
from endocervical contamination by a sheath. It opens only
after being introduced into the endometrial cavity and retracts
into the sheath before withdrawal. For sampling, the cervix
was brought into full view using a speculum. The cervix was
swabbed with 0.05% chlorhexidine solution applied on a
cotton ball, and the brush was inserted into the endometrial
cavity so that it did not come in contact with the vaginal wall.
After the brush was withdrawn from the endometrial cavity,
the sheath surface was cleaned with a sterile swab soaked in
95% ethanol in order to remove cervical discharge and prevent
contamination of the specimen with cervical microbiota. Then
the brush was released from the sheath and the specimen was
immersed in PreservCyt Solution (Hologic, Inc.; USA) intended
for the preservation of cell samples for in vitro diagnostic tests.
After endometrial aspiration, Pipelle biopsy was performed
on all the participants in order to collect endometrial samples
for a histopathological examination. Biopsy samples were
placed into test tubes containing 10% buffered formalin.

DNA extraction

DNA extraction was done using PREP-NA-PLUS kit (DNA-
Technology, Russia). Before DNA extraction, endometrial
specimens were deproteinized. Briefly, test tubes containing
endometrial aspirates were centrifuged in a MiniSpin centrifuge
(Eppendorf; Germany) at 13,000 rpm for 10 min; the supernatant
was removed, and the pellet was resuspended in 100 pl of the
lysing solution from the PREP-NA-PLUS kit. The homogenized
sample (50 pl) was transferred into a clean tube containing a
mixture of 25 pl of the lysing solution (from the PREP-NA-PLUS
kit), 5 ul of proteinase K (20 mg/ml) (VWR Life Science; USA)
and 120 pl of sterile normal 0.9% saline. After the components
were mixed, the samples were incubated at 60 °C for 30 min
and then at 95 °C for 10 min. Upon incubation, the tubes were
centrifuged at 13,000 rpm for 60 s. The supernatant (100 pl)
was then used for DNA extraction following the manufacturer’s
protocol.

Evaluation of endometrial microbiota

Detection of DNA of sexually transmitted obligate pathogens
and of opportunistic microorganisms (OM) in the endometrial
samples by means of real-time PCR was performed using
the Androflor real-time PCR kit and DTPrime 4M1 real-time
PCR instrument (DNA-Technology, Russia). The kit allows
detection of a wide range of bacteria, which could play a role
in endometrial inflammation. Androflor allows quantification
of 24 groups of bacteria, including Lactobacillus spp.,
Staphylococcus spp., Streptococcus spp., Corynebacterium spp.,
Gardnerella vaginalis (G. vaginalis), Megasphaera spp.,
Veillonella spp., Dialister spp., Sneathia spp., Leptotrichia spp.,
Fusobacterium spp., Ureaplasma urealyticum (U. urealyticum),
Ureaplasma parvum (U. parvum), Mycoplasma hominis (M. hominis),
Atopobium cluster, Bacteroides spp., Porphyromonas spp.,
Prevotella spp., Anaerococcus spp., Peptostreptococcus spp.,
Parvimonas spp., Eubacterium spp., Haemophilus spp.,
Pseudomonas aeruginosa, Ralstonia spp., Burkholderia spp.,
Enterobacteriaceae spp./Enterococcus spp., Trichomonas vaginalis
(T vaginalis), Neisseria gonorrhoeae (N. gonorrhoeae), Chlamydia
trachomatis (C. trachomatis), Mycoplasma genitalium (M. genitalium),
and Candida spp.

The quantity of each bacterium/group of bacteria was
automatically estimated from threshold cycle values, and the
proportion of the microorganism in relation to the total bacterial
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load (TBL) was calculated. Sterile deionized water was used
as a negative control (NC). For some groups of bacteria, NC
produced positive signals at the cycle of quantification (Cq) with
value more than 35 (which corresponded to the bacterial DNA
concentration of < 10° genome equivalents per sample, GE/
sample). With that in mind, we assumed the DNA concentration
of at least 10° GE/sample to be significant (Cq values less
than 35). Lower values were interpreted as negative, considering
the high sensitivity of the method and the inability to differentiate
between potential DNA-contaminations and very weak positive
signals in the samples.

U. urealyticum, U. parvum and M. hominis were an
exception, as no positive signal was recorded in the NC. For
these groups of microorganisms, a detectable signal during
any amplification cycle was interpreted as positive.

Histopathological examination

Pipelle biopsy samples were subjected to a histopathological
examination. The specimens were fixed in 10% neutral buffered
formalin and processed following the standard protocol.
Paraffin sections of standard thickness (5.0 um) were stained
with hematoxylin-eosin. Microscopy was carried out using a
light binocular microscope Eclipse E200 (Nikon; Japan) (10x,
40x objective lens, 10x eyepiece lens).

Statistical analysis

The mean age of the patients was expressed as an average
and a standard deviation. Average TBL and microbial
concentrations were expressed as medians. Dispersion within
the groups was described using 5" and 95" percentiles. These
parameters were calculated in Microsoft Office Excel 2007
(Microsoft Corp.; USA).

The significance of differences between mean TBL and
microbial concentrations was measured using the Kruskal-
Wallis test (for the comparison of 3 groups) and the Mann-

Whitney U test (for the comparison of 2 groups). The data were
processed in IBM SPSS Statistics 20 (IBM Corp.; USA). To
compare frequencies between the groups, two-tailed Fisher’s
exact test was applied (WinPepi; JH Abramson; Israel). In all
cases the differences were considered significant at p < 0.05.

RESULTS
Histopathological examination results

Depending on the morphological appearance of the
endometrium, the participants were divided into 3 groups [18].

Group 1 (chronic endometritis, CE) included 23 patients
with CE. The diagnosis was based on the signs of productive
inflammation, formation of lymphoid follicles, endometrial
stromal fibrosis, and sclerotic changes to the walls of spinal
arteries.

Group 2 (endometrial hyperplasia, EHP) consisted of 30
patients with simple endometrial hyperplasia without atypia.
The diagnosis was based on histology findings showing signs of
cell proliferation in endometrial crypts and cytogenous stroma,
spiral arteries with/without cell and nuclear polymorphism.

Group 3 (healthy women) included 19 patients without
any structural changes in the endometrium; its morphology
matched the day of the menstrual cycle.

Molecular screening results

Bacterial DNA was detected in all of 72 endometrial samples:
TBL ranged from 10° to 10%* (median: 10°%) GE/sample. No
significant differences in TBL were detected between the
group of patients with endometrial pathology and healthy
women. Endometrial TBL measured by real-time PCR varied
100-10,000-fold from vaginal TBL typically observed in
reproductive-age women [19].

Lactobacillus spp. were detected the most often (in
86.1% of cases; n = 62). G.vaginalis were detected in 19

Table 1. Detection rate of bacterial groups determined by real-time PCR in morphologically different endometrial samples

Detection rate in the studied patient groups (n/ %)

Groups of bacteria Grotll\;l)j 2; CE Groulg\)li ;)EHP Grvc\)lz;r)ngrrNhj?I;hy I\'Il'c;til2
Lactobacillus spp. 19/82.6 25/83.3 18/94.7 62/86.1
Staphylococcus spp. 0 0 0
Streptococcus spp. 1/43 0 0 114
Corynebacterium spp. 3/10.0 0 3/4.2
Gardnerella vaginalis 7/30.4 9/30.0 3/15.8 19/26.4
Megasphaera spp. / Veillonella spp. / Dialister spp. 1/4.3 2/6.7 0 3/4.2
Sneathia spp. / Leptotrichia spp. / Fusobacterium spp. 1/4.3 0 0 1/1.4
Atopobium cluster 1/4.3 3/10.0 0 4/5.6
Bacteroides spp. / Porphyromonas spp. / Prevotella spp. 2/8.7 3/10.0 2/10.5 7/9.7
Anaerococcus spp. 1/3.3 0 114
Peptostreptococcus spp. / Parvimonas spp. 2/8.7 0 2/10.5 4/5.6
Eubacterium spp. 2/8.7 3/10.0 1/5.3 6/8.3
Haemophilus spp. 1/4.3 0 0 1/1.4
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp. 1/3.3 0 1/1.4
Enterobacteriaceae spp. / Enterococcus spp. 4/17.4 3/10.0 1/5.6 8/11.3
Ureaplasma urealyticum 1/3.3 0 114
Ureaplasma parvum 4/17.4 4/13.3 1/5.3 9/12.5
Mycoplasma hominis 3/13.0% 2/6.7 0 5/6.9
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(26.8%) samples, U.parvum, in 9 (12,7%) samples, and
Enterobacteriaceae spp. / Enterococcus spp., in 8 (11.3%)
samples. Other groups of microorganisms were detected in
single samples (Table 1).

The detection rate of certain groups of bacteria varied in
women with different histological pattern. Although the variance
was insignificant, which might be explained by the small sample
size, we noticed a few interesting trends. Only a few groups
of OM included in the kit were detected in the samples with
normal histological pattern. By contrast, OM detected in the
samples collected from patients with CE and EHP represented
the entire range of the target microorganisms, except for
Staphylococcus spp.

Some OM were detected more frequently in women with
CE and EHP. For example, DNA of G. vaginalis was found in
30% of patients with endometrial pathology, whereas only
16.7% of healthy women had this pathogen. U. parvum and
M. hominis were detected in 17.4 and 13.0% of the samples
that met the criteria for CE, respectively, whereas only one
woman from the group of healthy women had U. parvum.

No obligate sexually transmitted pathogens were detected
in the endometrial tissue of our patients.

We detected from 1 up to 9 microbial groups in every
sample (Fig. 1.) The endometrial microbiota of healthy women
was represented by one group of bacteria in 78.9% of cases (15
of 19 samples), in their endometrium, whereas only 9 (39.1%)
of 23 patients with CE had one group of bacteria detected
in their specimens (p = 0.013). Most often, the microbiota of
patients with CE was represented by two microbial groups
(11 or 47.8% of 23 samples). In patients with EHP, one group
of bacteria was detected in 16 (53.3%) of 30 samples; for
the remaining 14 patients, the microbiota was represented
by two or more bacterial groups. On the whole, the microbiota
of patients whose histology was suggestive of EHP or CE
tended to be more diverse in its composition than in healthy
women.

Quantitative parameters for every group of bacteria are
shown in Table 2. No statistical differences were observed
between 3 groups of patients (CE, EHP, healthy women).

Given the large number of microbial groups identified by
the kit, we decided to calculate the quantity of OM per sample
for further analysis. Then, we calculated the proportion of
lactobacilli and the proportion of OM relative to TBL per sample.
Based on these calculations, 3 types of endometrial microbiota
were distinguished:
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Type 1) Lactobacilli-dominated type of microbiota. The
proportion of Lactobacilli constituted no less than 90% of the
TBL; the rest groups of bacteria were either undetected or
found in very small quantities (less than 10% of the TBL).

Type 2) Mixed type microbiota. The proportion of Lactobacilli
was no more than 90% (but at least 10%) of the TBL,
OM made up at least 10% of the TBL. Depending on the
prevalent microorganisms, there can be subtypes of this
microbiota type.

Type 3) Opportunistic microorganisms (OM)-dominated
type microbiota (in the total absence of Lactobacillus spp.).
Depending on the OM group detected, this type of microbiota
can be also divided into a few subtypes.

Forty-six (63.9%) of 72 samples met the criteria for type
1 microbiota; 16 (22.2%),for type 2, and 10 (13.9%), for type
3. Thus, in the majority of the participants, the endometrial
microbiota was represented by either lactobacilli or a
combination of lactobacilli and the OM. In the next step, we
analyzed the detection rate of the identified microbiota types in
the studied groups of patients.

The endometrial microbiota of 16 (84.2%) out of 19 healthy
women fitted the criteria for type 1 (Lactobacilli-dominated)
(Fig. 2). Two (10.5%) of 19 samples met the criteria for type 2.
Type 3 (OM-dominated) was identified in one (5.3%) sample.
Interestingly, OM were represented by G. vaginalis in all the
3 samples.

In patients with EHP, microbiota types 2 and 3 were detected
more frequently than in healthy women, but the differences
were statistically insignificant. Five (16.7%) of 30 samples were
classified as type 2; in all those samples, OM were represented
by G. vaginalis. Type 3 was observed in 5 (16.7%) samples; in
4 of them, OM were represented by G. vaginalis; in one case,
by Enterobacteriaceae spp. / Enterococcus spp.

The greatest diversity was observed for the microbiota
of women with CE. Type 1 (dominated by lactobacill) was
identified in 10 (43.5%) of 23 women (p = 0.012, comparison
with healthy women). Type 2 microbiota was observed in 9
(839.1%) samples; in 5 of them, OM were represented by obligate
anaerobes (G.vaginalis and Bacteroides spp. / Porphyromonas
spp. / Prevotella spp.) and in other 4 samples, OM were
represented by facultative gram-positive and gram-negative
anaerobes. Type 3 microbiota was identified in 4 (17.4%) of
23 samples. In this subset, OM were represented by G. vaginalis
in 2 cases and by Enterobacteriaceae spp. / Enterococcus spp.
in one case; the association of Peptostreptococcus spp. /

90,0
78.9
80,0
70,0
M 1 group
60,0 7 53.3 M 2 groups
47.8
50,0 — 3 groups
R
40,0 — 39.1 H 4 groups
M 5 groups
30,0 — group
23.3 7 groups
20,0
15.8 M 9 groups
10.0 8.7
10,0 =3 6.7 6.7 i3
0 [ | I
Healthy women (n = 19) EHP (n=30) CE (n=23)

Fig. 1. The number of microbial groups detected per sample in patients with different morphological appearance of the endometrium (‘o = 0.013)
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Table 2. Qualitative and quantitative endometrial microbiota composition assessed by real-time PCR in the study participants (N = 72)

Median
(595" percentile)
Groups of bacteria
Group 1 Group 2 Heaﬁl':m\fo?nen Total
CE, N=23 EHP, N=30 Ny=19 ’ N=T72
1 03.8 1 03.8 1 03.9 1 03.8
TBL (1 0321 04.7) (1 0331 05.1) (1 0331 05.1) (1 0331 05.1)
. 1038 1037 10%8 10%8
Lactobacillus spp. (0-10%%) (0-105) (1026-105) (0-10*9)
Staphylococcus spp. g g g g
0 0 0 0
Streptococcus spp. 0 0 0 0
Corynebacterium spp. g (0_10 0%) 8 g
. 0 0 0 0
Gardnerella vaginalis (0-10°9) (0-1087) (0-10°3) (0-10%%)
. e 0 0 0 0
Megasphaera spp. / Veillonella spp. / Dialister spp. 0 0 0 0
. . . 0 0 0 0
Sneathia spp. / Leptotrichia spp. / Fusobacterium spp. 0 0 0 0
. 0 0 0 0
Atopobium cluster 0 (0-10%3) 0 (0-10"9)
. 0 0 0 0
Bacteroides spp. / Porphyromonas spp. / Prevotella spp. 0 (0-10°?) (0-10°9) (0-1082)
0 0 0 0
Anaerococcus spp. 0 0 0 0
, 0 0 0 0
Peptostreptococcus spp. / Parvimonas spp. (0-1029) 0 (0-10%9) (0-10'9)
) 0 0 0 0
Eubacterium spp. (0-1027) (0-10%9) (0-10°9) (0-10%9)
Haemophilus spp. g g g g
. . . 0 0 0 0
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp. 0 0 0 0
. 0 0 0 0
Enterobacteriaceae spp. / Enterococcus spp. (0-10%9) (0-10%) (0-10°9) (0-103)
Ureaplasma urealyticum g g 8 8
0 0 0 0
Ureaplasma parvum (0-10"9) (0-10"9) (0-10°1) (0-10'9)
. 0 0 0 0
Mycoplasma hominis (0-1024) (0-10") 0 (0-1023)

Parvimonas spp. and Enterobacteriaceae spp. / Enterococcus
spp. was observed in one sample.

Thus, OM-dominated endometrial microbiota was more
commonly observed in patients with CE.

DISCUSSION

In this study, endometrial microbiota was evaluated by real-
time PCR, an inexpensive and technologically advanced
technique. Our findings were consistent with the reports of
other researchers who used costly techniques like NGS [2-6].

Bacterial DNA was detected in all endometrial samples in
quantities ranging from 10° to 10° GE/sample; DNA content
differed between the samples 10-100-fold. Similar results are
reported by other authors who collected samples transcervically
[2, 5, 6]. This sampling approach carries a risk of contamination
[5, 6]. This could explain the presence of bacterial DNA in all
samples analyzed in our study. For the sake of the experiment,
the researchers analyzed endometrial samples collected

from the middle section of the endometrial cavity after
transabdominal hysterectomy in females of late reproductive
age with uterine/endometrial pathology [20]. Bacterial DNA
(in quantities exceeding NC counts) was detected in 60%
of the samples. However, such approach is unacceptable
in clinical practice. The sampling technique and the device
we used for transcervical collection of endometrial samples
minimized the risk of contamination, but could not eliminate
it completely.

Lactobacilli DNA was detected in the majority of the
analyzed samples, which is also consistent with the literature [7].
Lactobacilli-dominated endometrial microbiota is considered
to be a positive prognostic factor for successful embryo
implantation via assisted reproductive technology and for good
pregnancy outcome [2]. In our study, lactobacilli were detected
in the majority of the samples, but their concentrations and
proportion in relation to TBL varied.

Obligate and facultative anaerobes were detected in every
third sample, both in the presence or absence of lactobacilli.
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Fig. 2. Detection rate of different endometrial microbiota types in women with different morphological appearance of the endometrium (*p = 0.011)

OM were detected significantly less often in healthy women
than in patients with CE.

Based on the proportion of lactobacill and OM, we
identified 3 types of endometrial microbiota; their detection
rates varied in patients with CE or EHP and healthy women.
In most cases, the endometrial microbiota of healthy women
was represented by one group of microorganisms; as a rule,
it was Lactobacillus spp. The presence of this microbiota
type in women with CE does not seem to require antibacterial
treatment and is consistent with contemporary views on the
leading role of autoimmune mechanisms in the pathogenesis
of CE. OM detected in the endometrial cavity of women
with histology results suggestive of endometritis could be an
additional marker indicating the significance of these bacteria
for promoting inflammation. Further research is needed to explore
a possible association between the presence of OM and EHP.

Our findings confirm that endometrial cavity is not a sterile
environment. In some aspects, endometrial microbiota is similar
to vaginal microbiota: in our study, lactobacilli were detected in
the uterine cavity in 86.1% of all samples and were prevalent
in the endometrial microbiota in 63.9% of all cases. At the
same time, the quantity of bacteria present in the uterine cavity
is much lower (100 to 10,000-fold) than that in the vagina.
Compositional similarities between the microbiotas of upper
and lower female genital tracts and the role of lactobacilli found
in the endometrial cavity are yet to be elucidated. Also, it is not
clear whether the bacteria detected in the endometrium should
be considered resident or transient microorganisms.
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