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ABSTRACT

The aim: To identify the characteristics of the vaginal microbiota, cervical and uterine flora in women with the past history of sexually transmitted infections.

Materials and methods: A prospective study and the analysis of the vaginal microbiota, cervical and uterine flora were conducted in 96 women of reproductive age with
infertility after the past history of STIs, who planned to get pregnant using ART. Together they made up the group | (main group) and the (G included 30 women of reproductive
age, who planned pregnancy without a compromised reproductive history.

Results: Nonspecific vulvovaginitis (x2 = 31.6; p <0.001) was diagnosed in 63 (63.6%) patients of the group |, vulvovaginal candidiasis —in 17 (17.7%). Lactobacilli in a vaginal
discharge in representatives of the (G and group | — 96.7% and 29.1%, respectively (x2 =20.3; p <0.001). Opportunistic pathogens, BV-associated microorganisms and obligate
anaerobes in the next titers: 10x5 CFU/ml and higher, (G < 10x3 CFU/ml were found in 68 (70.8%) women of the group I. N. gonorrhoeae was detected in 2 (2.1%) patients of
the group I. An intense leukemoid reaction — in 59 (61.5%) women of the group I. The rate of cervical contamination with these pathogens ranged from 10x3 to 10x4 CFU/ml
in 35 (36.5%) women of the group |, in 61 (63.5%) — titers of opportunistic pathogens were > 10x4 CFU/ml. Pathogenic bacteria of the cervical canal, represented by obligate
anaerobes, was detected in 70 (72.9%) cases, where 11 (11.4%) patients were diagnosed with Chlamydia trachomatis, 2 (2.1%) — N.gonorrhoeae. Chlamydia trachomatis and
Mycoplasma genitalium were registered in 11 (11.5%) and 19 (19.8%) cases, respectively, and were not detected in controls. Ureaplasma urealyticum in the cervical canal
outnumbered the diagnostic level in women: 17.7% — group | and 6.7% — (G, respectively (x2 = 7.9; p <0.01). N.gonorrhoeae and Trich. vaginalis were detected in 2.1% and
6.25% of women in the group |, respectively. Persistent urogenital infection — the combination of opportunistic and common pathogens — prevailed in 59 (60.2%). Associations
of obligate anaerobes and Chlamydia trachomatis were found in 69 (71.8%) of them, microaerophiles — in 29 (30.2%), the combination of various species of opportunistic
pathogens — in 14 (14.6%); the growth of monocultures of opportunistic pathogens, in titers coming to 10°-10°, was recognized in 19 (19.8%). The growth of monoculture,
represented by group B Streptococcus was detected in 8 (8.3%) cases, Enterococcus faecalis — in 12 (12.5%), Mycoplasma genitalium — in 17 (17.7%). The analysis of PCR test
results enabled to detect associations of different species of viruses with Myco- and Ureaplasma, Chlamydia in 23 (23.9%) patients of the group |. What should be noted is the
predominance of Herpes simplex over CMV infection: 7 (7.3%) and 2 (2.1%), respectively (p <0.05).

Conclusions: The predominance of the mixed microbiota, represented by various associations of opportunisticand common pathogens, was identified in infertile women with
the past history of STIs as a result of microbial culturing of the samples from the uterine cavity. Chronic inflammation in endometrium is caused by a persistent viral-bacterial

infection in the uterine cavity, which differs in the species composition from the microbiota of the lower genital tract.

KEY WORDS: sexually transmitted infections (STls), pelvic inflammatory disease, infertility, microbiota, assisted reproductive technologies

INTRODUCTION

Sexually transmitted infections (STIs) deeply affect sexual
and reproductive health worldwide and are ranked among
top 5 disease categories, in case of which adults usually
seek medical care [1, 2]. More than 1 million people get a
sexually transmitted infection daily. It is estimated that 500
million people annually get one of four STIs: chlamydia
infection, gonorrhea, syphilis and trichomoniasis. More
than 530 million people have HSV-2 [3].

In particular cases, STIs can have serious consequences
for reproductive health in addition to the direct effects of
the infection itself [3, 4-6]. STIs such as gonorrhea and
chlamydia infection are the leading causes of pelvic inflam-
matory disease, unfavorable outcomes of pregnancy and
infertility (WHO, 2018). And also tend to be the common
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cause of failures in case of using assisted reproductive
technologies (ART) [7].

As for the complications in case of infecting with sexually
transmitted pathogens, the first thing to be considered is im-
pacted fertility represented by tubo-peritoneal, endocrine and
uterine factor infertility. Tubo-peritoneal factor infertility ap-
pears due to structural or functional disorder of tubal patency
as a result of inflammation. Endocrine factor infertility - due
to ovulatory dysfunction and luteal insufficiency, occurring
in case of oophoritis. Uterine factor infertility — due to abnor-
mal endometrial maturation in case of endometritis. Ectopic
pregnancy and complications in intrauterine pregnancy in the
form of habitual miscarriage (13-25%), prelabor rupture of
membranes, premature birth, postpartum endometritis, cho-
rioamnionitis and placental inflammation, perinatal infection
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Table . Vaginal microbiota in patients examined (abs. n., %)

CcG Group |
State of microbiota n=30 n=96 X2 P
Abs. n. % Abs. n. %
Normal microbiota 25 833 6 6.2 80.1 <0.001
Intermediate type 2 6.7 5 52 294 <0.001
Bacterial vaginosis 2 6.7 5 52 0.78 >0.1

Nonspecific vulvovaginitis 1 34 63 63.6 316 <0.001

Vulvovaginal candidiasis - - 17 17.7 - -

Table II. Microbiota of the vaginal discharge in patients examined (abs. n., %)
CG Group |
Microbiota n=30 n=96 X22 P
Abs. n. % Abs. n. %

Lactobacillus sp. 29 96.7 28 29.1 20.3 <0.001
Corynebacterium sp. 17 56.7 34 354 4.62 <0.05

Candida albicans - - 10 10.4 - -
Bacteroides sp. 233 44 45.8 4.5 <0.05
Staphylococcus sp. 30.0 53 55.2 448 <0.05
Gardnerella vaginalis 10 333 56 583 435 <0.05
Mobyluncus 3 10.0 25 26.0 3.94 <0.05

N.gonorrhoea - - 2 2.1 - -
Prevotella 10 333 43 44.8 55 <0.05
Peptostreptococcus sp. 6 20.0 45 46.9 59 <0.05
Streptococcus sp.B 10 333 54 56.25 3.97 <0.05
Enterococcus sp. 11 36.7 44 45.8 4.07 <0.05
Enterococcus faecalis 11 36.7 41 42.7 5.62 <0.05

E. coli - - 9 9.4 - -

Atopobium vaginae - - 9 9.4 - -

Table 1. Microbiota of the cervical canal in women examined (abs.n., %)
cG Group |
Microscopic examination n=30 n=96 X2 P
Abs. n. % Abs. n. %

Leukocytes up to 10 in the field of view 27 90.0 37 385 26.4 <0.001
Leukocytes >25 in the field of view 3 10.0 59 61.5 6.75 <0.01

(8-12%) and stillbirth happen at times [8, 9]. Mother-to-child
transmission of STIs can lead to stillbirth, neonatal death,
low birth weight, prematurity, sepsis, pneumonia, neonatal
conjunctivitis, and birth defects [9-11].

Thus, research on characteristics of the vaginal micro-
biota, cervical and uterine flora in women with the past
history of sexually transmitted infections will enhance the
effectiveness pre-pregnancy care before ART cycles in order
to recover reproductive health in patients of this group.

THE AIM
To identify the characteristics of the vaginal microbiota,
cervical and uterine flora in women with the past history

of sexually transmitted infections, who are planning to
implement their reproductive function by means of ART
programs, were studied and analyzed.

MATERIALS AND METHODS

We examined 96 infertile women of reproductive age with
the past history of STIs, who planned pregnancy assisted by
ART, at the clinical site of Kyiv City Center for Reproduc-
tive and Perinatal Medicine over the period of 2018-2020
(clinical site of the department of Obstetrics, Gynecology
and Reproductology of Shypuk NMAPE of the Ministry
of Health of Ukraine). They comprised the group I (main
group) and CG included 30 women of reproductive age,
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who are planning pregnancy without a compromised re-
productive history.

When studying the mocrobiota of the genital tract we
stuck to the step-by-step approach: vagina, cervical canal,
uterine cavity (endometrium). A comprehensive microbi-
ological analysis, involving microscopy of gram- stained
smears, culturing and molecular DNA analysis of sexually
transmitted pathogens using PCR enabled to assess the
spectrum of pathogens.

RESULTS

In order to study the etiology of inflammation in the uter-
ine cavity, a comprehensive microbiological analysis of the
vaginal and cervical discharge was conducted in all women
examined. The vaginal microbiota was assessed according
to a comprehensive microbiological analysis of the vaginal
discharge. The microbiota in a gram-stained vaginal smear
was assessed and cultured (Tables I and II).

In controls in 25 (83.3%) cases, microecological param-
eters of a vaginal smear complied with the standards of
the reproductive age range: first-degree purity of the vag-
inal smear was identified when assessing the microbiota,
leukocyte number was less than 10 in the field of view,
the epithelium was represented by cells of superficial and
intermediate layers. The microbiota was homogenous in
composition (only Lactobacillus morphotypes prevailed)
and medium in number (right up to 100 microbial cells
in the field of view). Nonspecific vulvovaginitis (x2 = 31.6;
p <0.001) was diagnosed in 63 (63.6%) patients of the group
I, the findings in smears were indicative of vulvovaginal
candidiasis in 17 (17.7%). The rate of bacterial vaginosis
in both groups of patients was not distinctive (x2 = 0.78;
p>0.10).

In patients from the CG when culturing a vaginal dis-
charge, Lactobacilli were predominant in contrast to the
findings in the group I: 96.7% and 29.1%, respectively (x2 =
20.3; p <0.001). Among patients of the CG, Lactobacilli
were isolated from the monoculture in 6 (20.0%), in 23
(76.7%) lactic acid bacteria were isolated as the association
with opportunistic pathogens, the titers of which did not
exceed 103-104 CFU/ml: enterococci were registered in
11 (36.7%) patients, corynebacteria in 17 (56.7%), staph-
ylococciin 9 (30.0%), group B Streptococcus in 10 (33.3%).

In 68 (70.8%) infertile women with the past history of
STIs, the specimen composition of the vaginal micro-
biota was characterized by a significant decrease in the
frequency of lactobacillus isolation, in association with
the positive growth of facultative anaerobes, which com-
prise opportunistic pathogens (staphylococci, streptococci,
BV-associated microorganisms (Gardnerella, Mobilincus,
Atopobium vaginae) and obligate anaerobes (bacteroids,
peptostreptococci, fusobacteria) in elevated titers coming
to 105 CFU/ml and higher, as compared to the values in
the CG, where the titers of opportunistic pathogens did
not exceed 103 CFU/ml. N. gonorrhoeae was detected
in 2 (2.1%) patients of the group I, while neither case in
women of the CG.
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A comprehensive microbiological analysis of the cer-
vical discharge in patients of both groups consisted of
microscopic, microbial culturing and the assessment of the
specimen composition of pathogens by means of the PCR
test. Tables III and IV represent the results of microscopic
examination of the cervical discharge, sum frequency of
microorganism isolation, qualitative and quantitative com-
position of the microbiota of the cervical canal.

Thus, an intense leukemoid reaction was observed in 59
(61.5%) infertile women with the past history of STIs. It
significantly differs from equivalent parameters in women
from the CG, who, in 27 (90.0%) cases, had the number of
leukocytes up to 10 in the field of view (X2 = 26.4; p <0.001).
Microbial culturing of the cervical discharge indicated that
the growth of microbiota in all samples was not detected.
The growth of opportunistic pathogens, originating from
facultative anaerobes, was diagnosed in all cases of mi-
crobial culturing in patients of the group I. In 21 (21.4%)
of these patients, the cervical microbiota was represented
by monocultures of group B Streptococcus, in 19 (19.8%)
- Enterococcus faecalis, in 21 (21.9%) - as a part of the
associations of opportunistic pathogens. The quantitative
assessment showed that the rate of cervical colonization
with these pathogens ranged from 103 to 104 CFU/ml in
35 (36.5%) women of the group I, titers of opportunistic
pathogens were increased (>104 CFU/ml) in 61 (63.5%).
Pathogens, represented by obligate anaerobes, were found
in 70 (72.9%) cases in the process of culturing the cervical
discharge, and Chlamydia trachomatis was found in 11
(11.4%) of these cases in the group I, N.gonorrhoeae - in
2 (2.1%).

The findings of the PCR test, when studying the species
composition of microorganisms in the cervical canal, indi-
cate the high frequency of detecting pathogens associated
with STIs in patients of the group I, comparing to the find-
ings in patients of the CG. The cases when Chlamydia tra-
chomatis and Mycoplasma genitalium were registered came
to 11 (11.5%) and 19 (19.8%), respectively, while they were
not detected in controls. The rate of cervical contamination
with Ureaplasma urealyticum, based on the findings of the
PCR test, outnumbered the diagnostic level in women:
17.7% - group I and 6.7% - CG, respectively (x2 = 7.9;
p <0.01). N.gonorrhoeae and Trich. vaginalis were detected
in 2.1% and 6.25% of women of the group I, respectively.
The frequency of human papillomavirus in women of both
groups was not distinctive (p>0.05) (Table V).

The microbiome of an endometrial biopsy in the main
group was assessed by means of culturing and the PCR
test. When assessing the findings of a microbiological
analysis in infertile women with the past history of STIs,
endometrial urogenital infection was found in endometrial
samples in all cases, however the species composition of
microorganisms differed from those detected in the vaginal
and cervical discharge.

When culturing the content of the uterine cavity (Table
VI), persistent urogenital infection was found to prevail
in 59 (60.2%) cases. It was represented by various combi-
nations of opportunistic and common pathogens. Asso-
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Table IV. Microbiota of the cervical canal in patients of the group I (abs. n., %)

Group | n=96
Types of microorganisms
Abs. n. %
Group B Streptococcus 19 19.8
Enterococcus faecalis 21 219
Group B Streptococcus + Enterococcus faecalis 23 239
Prevotella melaninogenica 28 29.1
Peptostreptococcus sp.+Prevotella melaninogenica 31 323
Chlamydia trachomatis 1 1.4
Ureaplasma urealyticum 49 51.0
Mycoplasma genitalium 18 18.7
N.gonorrhoeae 2 2.1
Table V. PCR test of the cervical discharge in women examined (abs. n., %)
CG n=30 Group | n=96
Microbiota X2 P
Abs. n. % Abs. n. %
Trichomonas vaginalis - - 6 6.25 - -
Chlamydia trachomatis - - 11 11.5 - -
Ureaplasma urealyticum 2 6.7 17 17.7 7.9 <0.01
Mpycoplasma genitalium 1 33 19 19.8 7.9 <0.01
N.gonorrhoeae - - 2 2.1 - -
Herpes simplex virus I, Il - - 4 4.2 - -
Cytomegalovirus - - 3 3.1 - -
HRV 2 6.7 18 18.7 34 >0.05
Table VI. Flora of the uterine cavity in patients of the group I (abs. n., %)
Microorganisms Group In=96
Abs. n. %
Group B Streptococcus 8 8.3
Enterococcus faecalis 12 12.5
Group B Streptococcus + Enterococcus faecalis 14 14.6
Prevotella melaninogenica 23 239
Peptostreptococcus sp. + Prevotella melaninogenica 19 19.8
Chlamydia trachomatis 27 28.1
Ureaplasma urealyticum 12 12.5
Mycoplasma genitalium 17 17.7
N.gonorrhoeae 2 2.1

ciations of obligate anaerobes and Chlamydia trachomatis
were found in 69 (71.8%) of these patients; 29 (30.2%) -
microaerophiles; 14 (14.6%) — the combination of different
species of opportunistic pathogens; in 19 (19.8%) - the
growth of monocultures of opportunistic pathogens in
titers coming to 10x6 -10x8. The growth of monoculture,
represented by group B Streptococcus was found in 8 (8.3%)
cases, Enterococcus faecalis — in 12 (12.5%), Mycoplasma
genitalium —in 17 (17.7%). It is worth noting that obligate
anaerobes and Chlamydia trachomatis were only found in
the uterine cavity as an association.

The microbiota, consisting of viruses and bacteria,
was found in patients of the group I when conducting a
comprehensive microbiological analysis of the content
of the uterine cavity. Whereas, separate opportunistic
pathogens were predominant in a culture, in the titers
exceeding 10* CFU/ml, in the same patient categories in
case of culturing.

The analysis of the PCR test enabled to identify associa-
tions of various virus strains with Myco- and Ureaplasma,
Chlamydia in 23 (23.9%) patients of the group I. The
predominance of Herpes simplex over CMV infection
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Table VII. PCR test of the sample from the uterine cavity in patients of the group I (abs. n., %)

Group I n=96
Microorganisms
Abs. n. %
Trichomonas vaginalis - -
Chlamydia trachomatis 28 29.2
Ureaplasma urealyticum 19 19.8
Mycoplasma genitalium 24 25.0
N.gonorrhoeae 2 2.1
Herpes simplex virus I, Il 73
Cytomegalovirus 2 2.1
HRV - -

should be noted: 7 (7.3%) and 2 (2.1%), respectively (p
<0.05) (Table VII).

DISCUSSION
During analyses of microbiocenosis of vaginal microflora,
cervical canal and uterine cavity women with infertility and
sexually transmitted diseases in history formed a group with
high index of persistent urogenital infection. It was confirmed
by a number of international and native authors [2, 3, 12].

Bacterial and viral contamination of endometrium is
a consequence of insufficiency of immune system and
nonspecific body defense system (complement system,
phagocytosis) to eliminate infection factor fully, in order to
restrict its spread by activation of T-lymphocytes (T-help-
ers, natural killers) and macrophages. Furthermore, mono-
nuclear phagocytes, natural killers, T-helpers act in the
focus of inflammation and produce different cytokines, that
leads to impossibility to form local immunosuppression
in the preimplantation period, which is needed in order
to form protective barrier and prophylaxes of abruption
of a fetus that is a half- heterogenous for mum. [9, 13, 14].

According to a number of authors, the incidence of
chronic endometritis in women with infertility is 12,3-
60,4%, forming the only cause in 18,8% cases. [3, 5, 6].
According to publications of V.I.Krasnopolski [12], the
genital infection, diagnosed by PCR investigation of con-
tent of cervical canal, uterine cavity of patients with chronic
endometritis includes: chlamydiosis - 14,9%, genital
herpes - 33,6%, ureaplasmosis - 37,8%, mycoplasmosis
- 11,6%, cytomegaloviral infection - 18,9% of patients.
Taking into account the up to date peculiarities of chronic
endometritis course, with prevalence of latent forms of
diseases, recently the main clinical symptom of chronic
endometritis is dysfunction of reproductive function
such as infertility, including non-effectiveness of assisted
reproductive technologies. [4, 6]. The date collected by
a complex analyses of microbiocenosis of vagina, cervical
canal and uterine cavity of investigated patients are the
same as in the results in literature [16, 17, 18].

It is established, that the duration of microbial agent per-
sistence in endometrium is the main factor, that is defining
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the stage of tissue damage and the severity of functional
disorders of endometrium. The disorder of local resistance
mechanisms leads to microbial agents persistence in en-
dometrium, initializing chronical course of inflammatory
process. Thus, the above mentioned data indicate the need
of antibacterial, antiviral therapy depending on etiological
factors in preconceptional period.

CONCLUSIONS

The predominance of the mixed microbiota, represented
by various associations of opportunistic and common
pathogens, was identified in infertile women with the past
history of STIs after culturing samples from the uterine
cavity. Chronic endometritis is caused by a persistent vi-
ral-bacterial infection in the uterine cavity, which differs
in the species composition from the microbiota of the
lower genital tract.
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