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Annotation. The stress objective marker is the neuro-hormonal stress-implementing system stress and the increase the cortisol
and prolactin levels in the blood, leading to the "distress syndrome" formation. Aim - to establish the stress effect, revealed according
to the level of stress- implementing hormones, in particular cortisol and prolactin, on the progression of vaginal bacterial dysbiosis
and the bacterial vaginosis (BV) development. During the study there were used the data taken from 298 women, who were divided into
the following groups according to the Opportunistic pathogenic microflora index (OPMI) and normobiota index (NBI): normocenosis
(n=53), dysbiosis | (n=128) and Il degree (n=117) among the latter 83 patients with NBI>1 Ig GE/sample were identified, in which BV was
established. Molecular genetic studies of the epithelium scraping from the vagina posterolateral wall were carried out by Polymerase
chain reaction ("DNK-Technologiia" LLC, RF). Facultative and obligate anaerobes, myco- and ureplasmas, and yeast-like fungi were
quantified. The cortisol and prolactin blood levels were identified. For statistical analysis, the Statistica 10 software (StatSoft, Inc.,
USA) was used. Catch out that the blood cortisol content with dysbiosis progression compared with the normocenosis has changed in
two-phase: it was increased with | degree dysbiosis (1.2-1.4 times; p<0.01) and decreased with Il degree dysbiosis and BV (1.5 times;
p<0.001). So, with respect to the classical concept of the General adaptive syndrome of G. Selye, the first dysbiosis development
stages can be considered as reaction of "anxiety", while the development of BV is a reaction of "exhaustion". The blood prolactin
content compared with normocenosis with dysbiosis was increased, which was most expressed in BV (1.5 times; p <0.001). It also
reflected the stress response development with increased central nervous system stress. The blood hormones content has relation
with BV-associated microbiota indexes: prolactin was positively related with NBI, and cortisol was negatively related to the number of
Atopobium vaginalis. Thus, according to the data obtained, BV can be attributed to the stress pathology with the "distress syndrome"”
development and the content of cortisol and prolactin in the blood can be considered as marker factors for hormonal regulation

disorder.
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Introduction

Bacterial vaginosis (BV) is the most common lower
genital tract infection in women of reproductive age [3, 21].
According to study data [6], women with the highest risk of
BV are young, unmarried, low-income, low-educated and
African-American. The "stressors" are social problems,
such as poverty, poor housing and neighborhoods, high
crime rates, and discrimination. The authors [6] proved a
statistically significant, independent of other factors, the
effect of stress on the risk of BV. Psychosocial stress is
associated with an overall prevalence (OR 1.10; 95 % CI
1.01-1.20) and an increase in the incidence of BV (OR 1.29;
95 % Cl 1.12-1.48) [20]. Maternal infection, especially BV
during pregnancy, is one of the main causes of adverse
perinatal consequences: it was found that women with
moderate and high levels of stress were 2.3 times and 2.2
times, respectively, more likely to have BV [5].

The condition of vaginal microbiota depends on
hygienic skills, sexual behavior, stress, as well as on
physiological or pathological fluctuations in the level of
female hormones [15]. Since the basis of BV is the
uncontrolled growth of anaerobic bacteria [19] and the
reduction of vaginal colonization resistance [10], the authors
[11] hypothesized the suppression of immune function by

stress, which increases the risk of BV. A higher prevalence
of BV has been found in women with high levels of general
stress. A close relationship between stress levels, immune
suppression, and changes in vaginal microbiota has been
shown in a retrospective cohort study (n=2439; OR 1.015;
95 % CI 1.005-1.026) [25].

An objective marker of stress is the tension of the neuro-
hormonal stress-implementing system - the axis of the
hypothalamus-pituitary-adrenal cortex [8, 13]. In this case,
the state of initial stress with increasing blood levels of
corticotropin and cortisol changes to prolonged depletion
of functional reserves of this system, which is the basis for
the formation of the so-called "distress syndrome" [23]. It
has been shown [7] that the morning rise in cortisol levels
in saliva decreases in women with recurrent vulvovaginal
candidiasis, which is a manifestation of chronic stress. In
pregnant women with high levels of psycho-emotional
stress (anxiety), the risk of BV was doubled, and they also
had increased levels of stress hormones in the blood [12].
In pregnant women with urogenital infections, there was a
significant increase in cortisol levels in the blood, starting
from 19 weeks of pregnancy [22].

Another recognized hormone of stress is prolactin,
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which in addition to lactation regulates metabolic
homeostasis, including control of body weight and adipose
tissue, the response of the adrenal glands to stress, control
of maternal behavior [1]. Hyperprolactinemia often
accompanies BV, exacerbates pituitary and ovarian
dysfunction and worsens the results of balneotherapy of
such patients [2]. The level of prolactin in the blood can be
used as a prognostic factor and a criterion for the
effectiveness of therapy in women with diseases of the
genital system, in particular - BV [14].

Thus, it is important to study the content of stress
hormones in the blood, in particular - cortisol and prolactin,
and to establish their influence on the progression of
vaginal bacterial dysbiosis and the development of BV.

The aim of the study was to determine the effect of
stress, determined by the level of stress-releasing
hormones, in particular cortisol and prolactin, on the
progression of vaginal bacterial dysbiosis and the
development of bacterial vaginosis (BV).

Materials and methods

The study used data from 298 women aged 16 to 64
years who consulted a gynecologist for a preventive
examination or complaints of discomfort in the genital area.
The exclusion criterion was the presence of unduly
pathogenic microorganisms in the scrapings of the vaginal
epithelium (Trichomonas vaginalis, Neisseria gonorrhoeae,
Chlamydia trachomatis and Herpes Simplex Virus 1,2).
The presence in the vaginal swabs of more than 15-20
leukocytes in the field of view, which indicated the presence
of an inflammatory reaction, was also a criterion for
exclusion.

During the examination, a scraping of the epithelium
was taken from the posterior wall of the vagina using a
urogenital probe. Molecular genetic studies were performed
by polymerase chain reaction (PCR). DNA was isolated
using a set of reagents "Proba-HS" (LLC "DNA Technology",
Russia). Amplification of test tubes with the reaction mixture
was performed in the amplifier "DTLite" (LLC "DNA
Technology", Russia). To study the state of the vaginal
biocenosis, we used the "Femoflor 16" test system, which
is designed for real-time PCR. The microbiota was
quantified according to the following indicators [16]: total
bacterial mass (TBM), normobiota (Lactobacillus spp.),
obligate anaerobes (OA; Atopobium vaginalis,
Eubacterium spp., Gardnerella vaginalis, Prevotella bivia,
Porphyromonas spp., Lachnobacterium spp., Clostridium
spp., Megasphaera spp., Veilonella spp., Dialister spp.,
Mobiluncus spp., Corynebacterium spp., Peptostreptococ
spp., Sneathia spp., Leptotrihia spp., Fusobacterium spp.),
facultative anaerobes (FA; Enterobacteriaceae spp.,
Staphylococcus spp., Streptococcus spp.), and myco- and
ureaplasmas (MU; Ureaplasma urealiticum + parvum,
Mycoplasma hominis + genitalium) and yeast-like fungi
(YLF; Candida spp.).

The criterion for dividing patients into groups was the

index of opportunistic pathogenic microflora (OPM), which
was calculated as the difference between the sum of all
opportunistic pathogens and the number of lactobacilli (in
Ig GE/sample). In the normocenosis OPM was lower than
-3 I|g GE/sample (1st group; n=53), in dysbiosis of the first
degree OPM was in the range from -3 to -1 Ig GE/sample
(2nd group; n=128) and in dysbiosis of the second degree
OPM was more than -1 Ig GE/sample (3rd group; n=117)
[9].

Groups with dysbiosis were divided into subgroups by
normobiota indicator (NBI), which was calculated as the
difference between total bacterial mass (TBM) and the
number of lactobacilli (in |g GE/sample). In the 2nd group
there are three subgroups: 1st - with NBI?0.3 Ig GE/sample
(n=23), 2nd - with NBI from 0.3 to 1.0 Ig GE/sample (n=83)
and the 3rd - with NBI>1 Ig GE/sample (n=22). In the 3rd
group there are two subgroups: 1st - with NBI?1 Ig GE/
sample (n=34) and 2nd - with NBI>1 |g GE/sample (n=83).
In the last subgroup, the degree of dysbiosis was maximal
and corresponded to the state of BV [9].

All patients underwent fasting blood sampling from the
cubital vein in the amount of 3-4 ml. Blood tubes were
centrifuged to obtain serum. The content of prolactin and
cortisol was determined in the blood serum by enzyme-
linked immunosorbent assay using sets of reagents
produced by NPL "Granum" (Ukraine). The content of
hormones was determined in generally accepted units and
compared with the norm [24].

Arithmetic mean (M) and mean error (m) were used for
descriptive data statistics. Paired independent data
samples were compared according to the Mann-Whitney
(V) test. Significance of all differences was taken at p<0.05.
To determine the relationship of species of microbial
biocenosis with the content of hormones used regression
analysis - a method of detecting the influence of one or
more independent (factor) variables on their dependent
performance variable (Statistica 10; StatSoft, Inc., USA).

Results. Discussion

The obtained results showed that the content of cortisol
in the blood as the dysbiosis progressed changed in two
phases: - was increased in the 1st (1.2 times; p=0.005)
and in the 2nd subgroup (1.4 times; p<0.001) of the 2nd
group (Table 1).

In the 3rd subgroup of the 2nd group the content of
cortisol did not differ significantly from that in the 1st group
(p=0.848), while in the 2nd group (grade Il dysbiosis) the
hormone content was significantly lower compared to the
1st group (normocenosis) - in 1.3-1.5 times (p<0.001),
which was more typical for the 2nd subgroup - ie patients
with BV (1.5 times; p<0.001).

Thus, the obtained data indicate that as the dysbiosis
progressed, there was an initial activation of the main
stress-implementing system of the body - hypothalamic-
pituitary-corticoadrenal (in initial and moderate dysbiosis),
while in the deepening degree of dysbiosis (severe
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Table 1. The content of hormones in the blood (M+m).

Groups and subgroups c:"r]t(i)sl;l)_l, p;?:]itl:}li_n’
1 group (normocenosis, n=53) 336,7+14,1 8,50+0,31
2 group (dysbiosis 1 subgroup, n=23 | 407,9+19,6 8,30+0,35
of the | degree, 2 subgroup, n=83 478,7+7,6 8,48+0,14
n=128) 3 subgroup, n=22 | 344,5+26,9 | 12,41+0,33
3 group (dysbiosis | 1 subgroup, n=34 | 251,0£6,3 | 12,25¢1,12
of the Il degree,
n=117) 2 subgroup, n=83 231,2+4 .4 13,06+0,24
Statistical procedure for comparing results
p(MW)! 0,005 0,821
p(MW) <0,001 0,897
p(MW)* 0,848 <0,001
p(MW)* <0,001 0,025
p(MW)° <0,001 <0,001
F 104,9 348
=] <0,001 <0,001

Notes: probability of discrepancies using the Mann-Whitney U-
test between the corresponding indicators in the 1st group and:
p(MW)' - in the 1st subgroup of the 2nd group, p(MW)? - in the 2nd
subgroup of the 2nd groups, p(MW)? - in the 3rd subgroup of the
2nd group, p(MW)* - in the 1st subgroup of the 3rd group, p(MW)®
- in the 2nd subgroup of the 3rd group; F - the result and p - the
probability of analysis of variance to assess the differences of
the respective indicators between subgroups.

HMOJIB/TT OKP BIIPT HMOJIB/TT
r 16
450
+ 12
300 1 g
150 — -4
0 =0
Hopomuenos B, 1-a JObL2-a JAbL3-s JbIL 1-a JABIL 2-a

Fig. 1. Blood content of cortisol (nmol/L) and prolactin (nmol/L)
depending on the degree of dysbiosis; DB | and DB Il - vaginal
bacterial dysbiosis of | and Il degree; 1st, 2nd, 3rd - subgroups; the
statistical significance of the differences is shown in table 1.

dysbiosis, especially BV) this system has undergone
functional exhaustion. The two-phase type of reaction of
the system clearly reflected the content of cortisol in the
blood (Fig. 1).

The level in the blood of another stress hormone -
prolactin (see Table 1 and Fig. 1) in the 1st and 2nd
subgroups of the 2nd group did not differ from that in the
1st group (p>0.08). In the 3rd subgroup of the 2nd group
and in the 3rd group (both subgroups) it significantly
exceeded that in the 1st group (p<0.03). The maximum
level of prolactin was increased in the 2nd subgroup of the
3rd group, ie - at BV (1.5 times; p<0.001). This result also

reflected tension of stress response, as increasing the
activity of the infectious process increases the level of
tension of the central nervous system [13, 23].

Analyzing the reaction of the adrenal glands in terms of
the classical concept of G. Selye on the development of
general adaptation syndrome [23], we can identify a certain
stage of its development. "Anxiety" reactions correspond to
the first stages of dysbiosis (grade | dysbiosis), while the
development of severe dysbiosis (grade Il dysbiosis and
BV) reflects the "exhaustion" reaction. These results give
grounds to attribute BV to stress pathology with the
development of "distress syndrome".

The presence of significant trends that showed changes
in the content of hormones in the blood with the progression
of dysbiosis and BV, proved by the results of analysis of
variance (see Table 1): the value of F for cortisol and
prolactin was 104.9 and 34.8, respectively (p<0.001).

According to the discriminant analysis, the division of
patients into groups reflected the content of cortisol in the
blood (Wilks'-Lambda test 0.018; F=47.5; p<0.001). That
is, the tension of the main stress-implementing system -
the hypothalamic-pituitary-corticoadrenal, was the
determining factor that differentiated other processes.

Thus, the reaction of hormonal stress-releasing
systems in dysbiosis and BV was accompanied by the
development of distress syndrome with hypocorticism and
hyperprolactinemia, and the content of cortisol and prolactin
in the blood can be considered as marker factors of such
disorders.

According to regression analysis in grade | dysbiosis,
the level of prolactin had a positive relationship with NBI (?-
coefficient 0.032; p=0.016), ie - reflected the growth of BV-
associated microbiota. Thus, in the stage of "anxiety" of the
general adaptation syndrome, the degree of
hyperprolactinemia was important for activating the growth
of representatives of the microbial biocenosis of the vagina.
This could be explained by the stress-activating effect of
the hormone on the body's systems, and in particular - the
gonadal system [1].

In grade Il dysbiosis, regression analysis showed a
negative correlation between the content of cortisol in the
blood and the amount of Atopobium vaginalis. It is the last
anaerobe, next to Gardnerella vaginalis, Megasphaera
spp., Dialister spp., Sneathia spp. and Mycoplasma hominis
belong to BV-marker habitats [17]. Atopobium vaginalis
plays an important role in the pathophysiology of BV, is part
of the microbial biofilms that determine the resistance of
pathogenic microbiota to the action of antimicrobial
substances. In addition, dysbiosis and, especially, BV are
characterized by a decrease in systemic and local
inflammatory reactions [18], which correlates with an
increase in the number of pathogenic flora [4].

The results obtained on the correlation of stress
hormones (cortisol and prolactin) with the degree of
bacterial dysbiosis indicate the involvement of neuro-
hormonal regulation in the pathogenesis of BV through the
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formation of "distress syndrome" with hypocorticism and
hyperprolactinemia. Psycho-emotional stress, which is of
great importance in the formation of BV [20, 25], realizes its
pathogenic effect precisely because of the violation of
hormonal regulation of the reproductive system and the
microbiome of the vagina. Also, our results confirm the
formation of pathological hormonal-microbiota-immune
system in vaginal bacterial dysbiosis and BV [26], and the
content of cortisol and prolactin can be considered as
marker factors of hormonal regulation.

Conclusions and prospects for further
development

1. The content of cortisol in the blood as the dysbiosis
progressed in comparison with the normocenosis changed
in two phases: it was increased in grade | dysbiosis and
decreased in grade Il dysbiosis and BV. Thus, focusing on
the classical concept of the general adaptation syndrome
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BMNIIUB CTPECOBUX TOPMOHIB HA NMPOIMPECYBAHHSA BAMNHAIIbHOIO BAKTEPIAJIIbHOIO ANCEIO3Y

I'py3escbkuti O. A., MiHyxiH B. B.

AHoTauif. O6'ekmusHUM MapKepoM cmpecy € HarnpyxeHHs Helipo-20pMOHasbHOI cmpec-peanisyroJyoi cucmemu ma 36inbWeHHs
aMmicmy y Kpoei Kopmu3osy ma nporakmuHy, wo obymosmnoe popmysaHHsi "ducmpec-cuHopomy”. Mema AocnidxeHHs - ecmaHosumu
8r1/1U8 CmMpecy, 8U3Ha4YEHO20 3a PiBHEM Cmpec-pearni3yoHux 20pPMOHI8, 30Kpema - KOpmu30sly ma MponaKkmuHy, Ha npo2pecyeaHHs
8aziHanbHo20 bakmepianbHo20 Aucbio3y ma po3gumok bakmepianbHo20 8aziHo3y (BB). 3anyyeHi OaHi 298 XiHOK, siKi 3a iHOekcoM
ymogHo-namozeHHoi mikpogpriopu (IYTIM) ma nokasHukom Hopmobiomu (THB) 6ynu po3nodineHi Ha epynu: HopMouyeHo3 (n=53),
Oucbios | (n=128) i Il cmyneHto (n=117); ceped ocmaHHix suokpemneHo 83 nauieHmku 3 [NTHB>1 Ig E/3pa3ok, 8 sikux 6ye ecmaHoerie-
Hul BB. MonekynsapHo-eeHemuyHi 0ocnidxeHHs 3icKkpibka ernimenito 3 3a0HbOBOKO8OI CMIHKU Mixeu rMpogodusiu MemodoM rosnimepas-
Hoi' naHyroeoeoi peakuii ("AHK-mexHonoeis", P®). KinbkicHO 8u3Hayanu ¢hakynbmamueHi U obrieamHi aHaepobu, Miko- i ypennasmu
ma OpixdxonodibHi epubu. Y Kpoei eusHayanu emicm Kopmu3osy ma nponakmury. [nsg cmamucmu4yHo20 aHari3y eukopucmosysanu
npozpamy Statistica 10 (StatSoft, Inc., USA). BusierieHo, w0 emicm y Kpoei Kopmu30s1y fo Mipi npozapecysaHHsi 0ucbio3y y nopieHsIHHI
3 HOpMOUEHO30M 3MiHIo8ascsi 08oghasHo: byes 3binbweHum rpu 0ucbiosi | cmynento (y 1,2-1,4 pasu; p<0,01) i - 3HUXeHUM npu Aucbiosi
Il cmynento i BB (y 1,5 pasu; p<0,001). Omxe, opieHmMy4UChb Ha KITacUu4Hy KOHUenuito 3azanbHo2o adanmauitiHo2o cuHopomy I Cernbe,
nepwi cmadii po3sumky Aucbio3y MoxHa eeaxamu peakuieto "mpueoau”, modi sk possumok bB, - peakuieto "sucHaxeHHs". Bmicm y
Kpo8i nponakmuHy y ropieHsIHHI 3 HOPMOUEHO30M ripu Oucbiodi susiguecsi 36inbWeHUM, wo byno makcumasbHO gupaxeHo rpu bB (y
1,6 pasu; p<0,001). Lle makox eidbusano po38UMOK Ccmpecosoi peakuyii 3 Ni08UWEHHSIM Harpyx)eHocmi yeHmparnbHOi Hepe8ogor
cucmemu. Bmicm y Kposi 20pMoHie Mag 38'A30K 3 noka3Hukamu BbB-acouitiogaHoi mikpobiomu: nponakmuH 6ye no3umusHo 38'a3aHull
3 [1HB, a kopmu3sorn - HeezamueHo 3 Kinbkicmro Atopobium vaginalis. Omxe 8idnogioHo 0o ompumaHux OaHux, bB moxHa gidHecmu 00
cmpecogoi mamornoeii 3 po3sumkom "ducmpec-cuHopomy”, a emicm y Kpog8i Kopmu30sy i NpofakmuHy MOXHa po3ensdamu siKk map-
KepHI YUHHUKU MOPYWeHHs1 20pPMOHarlbHOI peaynsuil.

KnroyoBi cnoBa: bakmepianbHuli 8a2iHO3, cmpec, KOpmu30si, NpofakmuH.

BINNAHUE CTPECCOBbIX FTOPMOHOB HA NMPOrPECCUPOBAHUE BAT'MHAITIbHOIO BAKTEPUAJTIbHOIO ANCBUO3A
I'py3esckuti A. A., MunyxuH B. B.

AHHOTaumA. O6bLekmMuUBHbLIM MapKepoM Cmpecca S8MAemcs HarnpsixeHue Helpo-20PpMOHalbHOU cmpecc-peanuayouel cucmems U
ysernuyeHue codepxkaHusi 8 Kposu Kopmu3osia u fposakmuHa, Ymo obycrosnueaem ¢hopmuposaHue "ducmpecc-cuHdOpoma". Lesnb
uccnedogaHus - ycmaHo8UMb 8UsIHUE cmpecca, orpedesieHHo20 M0 yPO8HIO CMPEecc-peanuayoujux 20pMOHO8, 8 YacmHocmu -
Kopmus3orsia U npofiakmuHa, Ha rpoz2peccuposaHue 8a2uHanbHo20 bakmepuarnbHo20 ducbuo3a u passumue bakmepuasibHO20 8a2UHO-
3a (BB). Bbbinu ucronb308aHbl 0aHHble 298 XeHWUH, Komopbie o UHOEKCy yCrnosHo-namoaeHHoU mMukpoghriops! (MYTIM) u nokazame-
o Hopmobuomsl ([MHB) 6binu pacnpedeneHbl Ha epynmbl: HopmouyeHo3 (n=53), ducbuos | (n=128) u Il cmeneHu (n=117) cpedu
rnocnedHux ebideneHbl 83 nayueHmku ¢ MHBE>1 Ig 3/0bpasey, y komopbix bbi1 ycmaHoseneH bB. MonekynspHo-eeHemuyeckue
uccriedosaHusi cockoba anumenusi ¢ 3a0HeboKo8oU cmeHKU enaesanuuja npogodunu memodom nonumepasHol yernHol peakyuu ("OHK-
mexHomnozaus", P®). KonuyecmeeHHo onpedensnu ¢hakynbmamueHbie U obriueamHbie aHas3pobbl, MUKO- U yperna3mbl U OPOXKero-
006HbIe 2pubbl. B kposu onpedensnu codepxaHue Kopmu3ona u nponakmuHa. [nsa cmamucmu4yeckoz20 aHanusa ucronb308asu
npoepammy Statistica 10 (StatSoft, Inc., USA). BeiseneHo, ymo codepxkaHue 8 Kposu Kopmu3ora o Mepe npozpeccuposaHusi oucbu-
03a 0 CpasHEHUK C HOPMOUEHO30M MeHsrcsi 08yxghasHo: bbin ysenuyeHHbIM ripu ducbuose | cmeneHu (8 1,2-1,4 pasa; p<0,01) u
MOHUXEHHbIM - ripu ducbuose Il cmeneHu u BB (8 1,5 pa3a; p<0,001). imak, opueHmMupysicb Ha KIaccu4yecKyto KoHuyernyuro obuwezo
adanmauyuoHHo20 cuHOpoma [. Cenbe, nepebie cmaduu passumusi ducbuo3a MOXHO cHumamp peakuyuel "mpeeoau”, moeda Kak
passumue bB - peakyuel "ucmoweHue". CodepxxaHue 8 Kpo8U MposiaKmuHa o CPasHEeHUI0 C HOPMOUEHO30M fpu ucbuole okasarscs
y8ernu4yeHHbIM, 4mo OblrI0 MakcuMarsibHO ebipaxeHo rpu BB (e 1,5 pasa; p<0,001). O9mo makxe ompaxarno passumue cmpeccosol
peakyuu ¢ roebieHUeM HanpsXKeHHOCMuU yeHmparnbsHol HepsHoU cucmembl. CodepxaHue 8 Kposu 20pMOHO8 UMESIO C853b C OKa-
3amensamu bB-accoyuupogaHHOU MUKpPObuombl: nponakmuH 6bii rnonoxumesnsHo cesdaH ¢ [MTHB, a kopmu3on - ompuyamersibHO ¢
Kkonuyecmeom Atopobium vaginalis. Umak, coenacHo nony4yeHHbIM OaHHbIM, BB MOXHO omHecmu K cmpeccosgol namosnoauu ¢
paszsumuem "Oucmpecc-cuHopoma”, a codepkaHue 8 Kposu Kopmu3osfa U nponakmuHa MOXHO paccmampueamb Kak MapKepHble
hakmopsb! HapyuweHuUs1 20pMOHasbHOU peaynayuu.

KnroueBble cnoBa: 6akmepuaribHbili 8a2UHO3, CMPECC, KOPMU30JI, NPOaKmuH.
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