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Importance of the topic is stipulated with the current significant spread of infectious diseases of the urogenital tract, caused by
the representatives of the protozoa genus Trichomonas.

Aim. Evaluate the prevalence and peculiarities of contemporary trichomonas infection ( Trichomonas vaginalis, Pentatrichomonas hominis,
Trichomonas tenax), with the consideration of the associated bacterial infections that cause the urogenital pathology and the ultrastructural
peculiarities of Trichomonas vaginalis morphotypes in the patients with chronic infectious diseases of the genitourinary organs.

Material and methods. The research was carried out among 377 patients with chronic infectious diseases of the genitourinary
organs. Routine bacterioscopic and bacteriological methods were applied. In addition, Trichomonas tenax and Pentatrichomonas
hominis were detected using real-time polymerase chain reaction and applying original experimental primers. The ultrastructure
of the trichomonads was studied using a PEM-125K electron microscope equipped with the SAI-01A (SELMI) system, using a
CCD camera DX 2 and KAPPA software package.

Results. Trichomonas vaginalis was detected in 48.3 % using the methods of optical microscopy and culture media inoculation.
Trichomonas tenax was detected in 18.2 % and Pentatrichomonas hominis was detected in 67.1 % with the polymerase chain
reaction. Development of the pathological process in the urogenital system of the studied patients (up to 90 %) was caused with
the microbial associations, in particular, with Ureaplasma urealyticum (26.1 %), Chlamydia trachomatis (16.7 %), Mycoplasma
hominis and Mycoplasma genitalium (13.9 %) and various kinds of opportunistic pathogenic microflora (up to 60 %), which lead
to dysbiosis of urogenital system. It was proved that the oval morphotype Trichomonas vaginalis may be referred to the virulent
forms; it was detected more often (68 %) than the piriform morphotype.

Conclusions. Possible presence of trichomonads of three species: Trichomonas vaginalis, Trichomonas tenax,
Pentatrichomonas hominis, in particular in pathological microbial associations, as important factors of the emergence and
/ or development of the pathological process, was established in the human genitourinary system. It is reasonable to refer
the oval morphotype Trichomonas vaginalis to the virulent forms of this agent.

KniHiko-eniaemionoriuHi xapakrepucTuku i Mop¢onoriuHi 0cobAMBOCTI CyyacHoro
CeyoCcTaTeBoro TPUXOMOHO3Y

I. 1. MaBpos, T. B. OciHcbka, I1. B. ®epopuu

AKTyanbHiCTb TEMW 3yMOBMEHA 3HAYHUM NOLUMPEHHAM IHEKLINHMX 3aXBOPHOBAHb CEYOCTATEBMX LUNSXIB, O BUKIUKAHI npea-
CTaBHUKaMK pody HavnpocTilwmx Trichomonas.

MeTa po60TH — OLHUTM NOLLMPEHICTb Ta 0COBNMBOCTI Cy4acHoi TpMXOMOHaAHOI iHBasii ( Trichomonas vaginalis, Pentatrichomonas
hominis, Trichomonas tenax), BpaxoBytoun acouliioBaHi OakTepianbHi iHdheKwii, WO 3yMOBMIIOTL NATONOri0 YpOoreHiTansHoro
TpaKTy, Ta ynsTPacTpyKTypHi ocobnmeocTi MopdoTunie Trichomonas vaginalis y XBOPWUX Ha XPOHIYHI iH(DEKLiHI 3aXBOPIOBAHHS
CevoCTaTeBMX OpraHis.

Marepianu Ta meToau. [locnimKkeHHs BiKkoHanM y 377 NawieHTiB i3 XPOHIYHUMM iHGIEKLIHAMW 3aXBOPIOBAHHAMM CEYOCTaTEBUX
opraHiB. BukopncToByBanu pyTuHHi 6akTtepiockoniuHuii i 6akTepionoriyHmin metoau. Kpim Toro, 3a 4ONOMOror MeToay noniMepasHoi
NaHLoroBOI peakLii B peanbHOMY Yaci, BUKOPUCTOBYHO4Y aBTOPCHKI EKCIepUMEHTarbHi opuriHanbHi npaivepu, Busiensanu Trichomonas
tenax i Pentatrichomonas hominis. YneTpacTpyKTypy TpUXoMOHaZ BMBYanu 3a JOMOMOrO efekTpoHHoro mikpockona MEM-125K,
3abe3neyeHoro cucremoto CAM-01A (SELMI), 3 BukopuctaHHsm CCD kamepu DX 2 i nakety nporpam KAPPA.

PesynkraTi. 3a fonomorok MeTogiB ONTUYHOT MIKPOCKONIT Ta 3aciBiB Ha NOXMBHe cepenoBuLle Trichomonas vaginalis BusBunm y
48,3 % xBopux. MeTopom nonimepasHoi naHLorosoi peakuii Trichomonas tenax BuaHauunuy 18,2 %, Pentatrichomonas hominis —y
67,1 %. Po3BUTOK NaToMorivyHOro NpoLecy B ce4ocTaTeBiit cucTeMi obeTexeHmx (10 90 %) 3yMOBREHNi MikpobHUMM acoLjiaismm, a
came 3 Ureaplasma urealyticum (26,1 %), Chlamydia trachomatis (16,7 %), Mycoplasma hominis i Mycoplasma genitalium (13,9 %) Ta
Pi3HIX BB YMOBHO-NaToreHHoi Mikpodnopy (20 60 %), Lo cnpuumHsoTL AMchio3 cevocTateBoi cucTemu. MNokasaHo, LLO OBaribHMiA
mopchoTun Trichomonas vaginalis MoxHa knacudbikyBaTy ik BipyneHTHY hopMmy, 110ro BUSBnsnv vacTiLue (68 %), Hix rpyLLOnoaibHIA.

BucHoBKuM. BCTaHOBMNM MOXMMBICTb HASIBHOCTI Y CEHOCTATEBIN CUCTEMI NIOAVHY, 30KPEMa B NaTONOri4YHNX MiKpOBHMX acouiaLlisix,
TpuxomoHap 3 Bugis: Trichomonas vaginalis, Trichomonas tenax, Pentatrichomonas hominis — ik BaXnMBUX YAHHWKIB BAHVKHEHHS!
Talabo po3BuTKy NatonoriyHoro npouecy. OanbHWiA MopdoTun Trichomonas vaginalis LOUiINbHO BBaXaTu BipyNeHTHO (OpMOL0
Liboro 30yaHuKa.
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KAMHMKO-aNMAEMUOANOTHUECKUE XapaKTEPUCTUKN U MOPQOAOrHUECKUE ocobeHHOCTH Kniouesbie cnosa:

Trichomonas
COBpPEeMEeHHOro Mo4enoAoBoro TOUXOMoHoO3a vaginalis
Trichomonas tenax,
I. N. MaBpos, T. B. OcuHckas, . B. ®epopuu Pentatrichomonas
AKTYanbHOCTb TeMbl 0BYCTOBMEHa LINPOKAM PacrpoCTpaHeHneM BocnanuTenbHbix 3a6onesaHiii MoYenonoBbIX nyTeil,  hominis,
KOTOpbIE BbI3BaHbI NPEACTaBUTENAMU POAa NpocTenLunx Trichomonas. accounnpoBaHHble
. MHOEKLMH,
Llenb paboTbl — OLEHUTb PACMPOCTPAHEHHOCTb M OCOBEHHOCTY COBPEMEHHON TPUXOMOHaAHOW nHBa3umn (Trichomonas VASTPACTPYKTYPa.

vaginalis, Pentatrichomonas hominis, Trichomonas tenax), y4nTblBast acCCOLMMPOBaHHbIe GakTepnanbHble MHdekumm, 0bycrnos-
NBatOLLME NaTONOrM0 YPOreHUTarnbHOro TpakTa, U YrbTPacTpyKTypHbIE 0COBEHHOCTM MopdoTunoB Trichomonas vaginalis y

Matonorua. 2020.
60nbHbIX, CTPAZAOLLMX XPOHUYECKUMI BOCTIANUTENbHLIMU 3a060NeBaHNsSIMU MOYENONOBbIX OPraHoB.

T.17, Ne 1(48).
Martepuanb! 1 MeToibl. ViccrienoBanust MpoBedeHs y 377 NaLMEHTOB C XPOHUYECKUMM BOCTIANUTENbHbIMI 3aGoneBarusmn o 5259
MOYENomnoBbIX OpraHoB. Vcnonb3oBanu pyTHHHbIE BakTepuockonuyeckuii 1 6akTepuonorudeckuii Metogpl. Kpome Toro, ¢
MOMOLLbIO METOAA NONMMEPA3HOW LEMHON peakLmm B peanbHOM BpEMEHU, UCIONb3yst aBTOPCKUE AKCTEPUMEHTaNbHbIE Opi-
rMHanbHbIE Npamepsbl, onpeaensnu Trichomonas tenax v Pentatrichomonas hominis. YnbTpacTpyKTypy TPUXOMOHaZ U3y4nni
C MOMOLLbIO 3MeKTPoHHOro Mukpockona MAOM-125K, obecnevenHoro cuctemon CAV-01A (SELMI), ¢ ncnons3osaHuem CCD

kamepbl DX 2 1 naketa nporpamm KAPPA.

Pesynkrathl. C NOMOLLLIO METOLOB ONTUYECKON MUKPOCKOMWY W NOCEBOB Ha NUTaTenbHyto cpedy Trichomonas vaginalis obHa-
pyxunny 48,3 + 3,5 % 6onbHbIx. MeTogom nonvuMepasHoi LenHom peakuumn Trichomonas tenax onpegenunuy 18,2 £2,9 %,
Pentatrichomonas hominis —y 67,1 + 3,5 %. Pa3BuTre natonornyeckoro npoLecca B MO4ENonoBow cucteme 06cnenoBaHHbIX
(10 90 %) obycnoeneHo MUKPOGHBLIMI accoumaLmnsmMm, a uMenHo ¢ Ureaplasma urealyticum (26,1 %), Chlamydia trachomatis
(16,7 %), Mycoplasma hominis n Mycoplasma genitalium (13,9 %) 1 pasnuyHbIX BULOB YCIOBHO-MATOreHHON MUKPOIIOpbI
(30 60 %), koTopble BbI3bIBAIOT ANCOMO3 MOYEMNONIOBOW CUCTeMbI. [okasaHo, 4To oBanbHbIN MopdoTun Trichomonas vaginalis
MOXKHO KraccuhuLMpoBaThb Kak BUPYNEHTHYHO chopMy, ero obHapyxwvBanm vatle (68 %), Yem rpyLLEeBUAHBIN.

BbiBoAbl. YcTaHOBNEHa BO3MOXHOCTb HanmM4Ms B MOYENOSIOBOM CUCTEME YenoBeka, B TOM YMCIie B NaTONOMMYECKUX M-
KpOBHbIX accoumaumsx, TpuxomoHas 3 BugoB: Trichomonas vaginalis, Trichomonas tenax, Pentatrichomonas hominis — kak
BaXHbIX (DaKTOPOB BO3HNKHOBEHWS U/ pa3BUTKS NaTonoryeckoro npouecca. OBanbHbI MopdoTun Trichomonas vaginalis

LienecoobpasHo cunTaTb BUPYNEHTHON hopMON 3TOro Bo30yauTens.

Atthe present stage, sexually transmitted infections (STls)
constitute an urgent global problem of healthcare. Today,
trichomoniasis (ICD-10 code A59) continues to occupy an
undisputed leading position among the sexually transmit-
ted infections in terms of the number of cases. According
to WHO, the annual global incidence of urogenital tricho-
moniasis (UT) is about 270 million people. In Ukraine,
about 250 000 patients per year are officially reported on
average, of which 40 % are women and 30 % are men of
fertile age, which raises particular concern [1-3].

Contemporary trichomonas infection is characterized
with mixed chronic recurrent oligosymptomatic course,
multiple lesions of the genitourinary system; it has a nega-
tive impact on fertility of the patients, increases the risk of
adverse gestational complications and perinatal infection
of children; it is characterized with complexity of diagnos-
tics and high torpidity to the administered therapy [4-7].

Nowadays it is proved that the trichomonas infection
contributes to the development of extragenital pathology,
secondary immune deficiency, increases the risk of hy-
perplastic processes in the urogenital tract of patients and
affects their psycho-emotional state [8—12].

At the present stage, trichomoniasis is considered
a mixed protozoan-bacterial-viral infection. In particular,
it was proved that T. vaginalis plays a role in formation
of pathogenic microbiocenoses that can cause imba-
lance of the urinary microbiota in both women and men.
Today, special attention should be paid to the ability of
trichomonads to capture and reserve various pathogenic
microorganisms because of their incomplete phagocyto-
sis — ‘reservoir’ or so-called TANK function. This stipulates
the possibility of prolonged persistence of bacteria, fungi
and viruses, in particular the HIV agent within the tricho-
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monas, and explains the unsuccessful attempts to
diagnose and eliminate the relevant microorganisms. In
addition, it was reported that pathogenic microflora could
block nitro groups in imidazole compounds, thus impeding
the treatment of urogenital trichomoniasis [1,6,12-14].

Another feature of contemporary trichomoniasis is
the ability of Trichomonas vaginalis to generate so-called
atypical forms. Therefore, they greatly vary in terms of
their shape, size, presence of flagella and nuclei, which
challenges the diagnostics and causes some difficulties
in the disease therapy, especially chronic recurrent forms
[3,12].

For a long time, only Trichomonas vaginalis was
considered to be capable of living in the human urogenital
tract. Today, the possibility of prolonged colonization and
pathology of the human genitourinary system caused
by both Trichomonas vaginalis and Trichomonas non
vaginalis (Pentatrichomonas hominis and Trichomonas
tenax) is proved [14,15].

Therefore, considering the above aspects of contem-
porary trichomonal infection of the genitourinary system,
we consider it relevant to conduct the research in order to
determine the clinical, epidemiological and morphological
characteristics of the urogenital trichomoniasis, which will
allow optimizing the diagnostic and preventive measures
aimed to avoid complications of this disease.

Aim
Evaluate the prevalence and peculiarities of contem-
porary trichomonal infection (Trichomonas vaginalis,

Pentatrichomonas hominis, Trichomonas tenax), with
the consideration of the associated bacterial infections
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that cause the urogenital pathology and the ultrastructural
peculiarities of Trichomonas vaginalis morphotypes in
the patients with chronic infectious diseases of the geni-
tourinary organs.

Materials and methods

Patients were enrolled to the study at the State Institution
“Institute of Dermatology and Venereology of the Na-
tional Academy of Medical Sciences of Ukraine” during
2018-2019.

Laboratory diagnostics of Trichomonas vaginals and
related infections — light microscopy, cultural research,
polymerase chain reaction — were performed at the State
Institution “Institute of Dermatology and Venereology of
the National Academy of Medical Sciences of Ukraine”
(Kharkiv) and Kyiv City Oleksandrivska Clinical Hospital —
clinical base of the Ukrainian Military Medical Academy
(Kyiv). Electron microscopic examination was performed
at the State Institution “Institute of Cryobiology and Cryo-
medicine of the National Academy of Sciences of Ukraine”
(Kharkiv) — by agreement.

Original sampling of the examined patients con-
sisted of 377 persons that were screened for STls, with
the consideration of their age (from 17 to 80, mean age —
33.2 £ 2.5 years) and sex (females — 145, males — 131).
Screening with bacteriological, bacterioscopic methods
and real-time polymerase chain reaction (real-time PCR)
identified the groups of patients, that are mentioned in
this research. Further detailed examination was carried
out in 247 patients (65.5 % of the original sampling),
in particular: Trichomonas vaginalis was verified with
bacteriological and bacterioscopic methods in 48.3 %
cases, in particular in 97 of 201 patients (females — 38,
males —59); verification with real-time PCR method using
the authors’ experimental original primers confirmed:
Trichomonas tenax in 32 of 176 (18.2 %) cases (males —
19, females — 13) and Pentatrichomonas hominis in 118
of 176 (67.1 %) cases (males — 69, females — 59). The
age range of the examined patients was wide enough;
for instance, the age of male patients varied from 18 to
80 years (mean age was 36.8 years), and female — from
17 to 74 years (mean — 35.2 years). The peak incidence
was 27-34 years (64.6 %).

The control group did not differ significantly in age and
sex characteristics from the study groups, which made it
possible to compare them correctly with other parameters.

Criteria for enrollment to the study: presence of
chronic infectious diseases of the genitourinary tract, in
particular, with trichomonas etiology and slow course,
poor symptoms and disease duration over 1 year, volun-
tary informed consent. Exclusion criteria: patient refusal,
administration of anti-protist and antimicrobial therapy
over the last month before the study.

Diagnostics of trichomonas infection was based
on the results of a comprehensive examination, which
included: detection of trichomonads in smear sampled
from urethra in males, vagina and cervical canal in fe-
males, and cultural study of biological material in liquid
nutrient medium based on M 305 broth (HiMedia, India)
with further agent detection by microscopy of native wet
preparations. For microscopic imaging of protozoa in
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smear, the material was fixed and then stained according
to Gram’s technique [3,6,7].

The real-time PCR used the DT-96 amplifier, “Femo-
flor-16” reagent set (R&D company “DNA Technology”,
the Russian Federation) and primers to detect different
types of trichomonads, including the authors’ original
primers for detection of Trichomonas tenax and Penta-
trichomonas hominis [15]. “Femoflor-16” reagent set is
designated for quantitative determination of microflora
associated with bacterial vaginosis (BV) in female biolo-
gical fluids. The application method for “Femoflor-16” was
adapted by us to determine the appropriate microflora
in men. “Femoflor-16” reagent set allows to quantify
the following parameters: total bacterial mass, Lacto-
bacillus spp., Enterobacteriaceae, Streptococcus spp.,
Staphylococcus spp., Gardnerella vaginalis/Prevotella
bivia/Porphyromonas spp., Eubacterium spp., Sneathia
spp./Leptotrihia spp./Fusobacterium spp., Megasphaera
spp./Veilonella spp./Dialister spp., Lachnobacterium spp./
Clostridium spp., Mobiluncus spp./Corynebacterium spp.,
Peptostreptococcus spp., Atopobium vaginae, Candida
spp., Mycoplasma hominis, Ureaplasma (urealyti-
cum + parvum), Mycoplasma genitalium [2].

Electron microscopic object of study was the tricho-
monad cultures of day 5-9, which were isolated from 55
patients. The material was pre-mixed with the equal volume
of 3 % glutaraldehyde prepared on phosphate buffer (pH
7.3 to 7.4). Fixation time — 4 hours. The cell suspension
was centrifuged at 750 rpm. The precipitate was washed in
phosphate buffer and postfixed in 1 % solution of osmium
tetroxide for 2 hours. After dehydration with ethyl alcohol
of increasing concentration (from 30 % to 96 %, twice in
absolute alcohol) and propylene oxide, the samples were
impregnated with a mixture of Epon-araldite-propylene
oxide, then they were put in Epon-araldite and polyme-
rized at 60 °C for 48 hours. To select the desired area of
the study, semithin sections with thickness of 0.5 um were
made, which were stained with methylene blue and studied
with LUMAM-MP-4 microscope. For electron microscopy,
ultrathin sections obtained with UMTP-7 ultramicrotome
were contrasted with the saturated aqueous uranyl acetate
solution and lead citrate solution. The cell ultrastructure
was examined using an electron microscope PEM-125K
at the accelerating voltage of 75 kV, which is equipped with
the imaging and analysis system CAI-01A (JSC “SELMI”,
Ukraine) using a CCD camera DX 2 and a software
package developed by KAPPA company (Germany) [3,13].

The results of qualitative research (case reports,
case-series) were statistically processed using the soft-
ware package STATISTICA 9.0. (StatSoft), license type:
Freeware. When analyzing the frequency of qualitative
traits (expressed as a percentage), the p value of the Fish-
er test was used. The results of the studies are presented
in the text as frequency + standard deviation (% + o).

All patients were consulted by related specialists,
including urologists, and women additionally by gyne-
cologists.

The study was performed in accordance with
the ethical principles of the Declaration of Helsinki with
the permission of the Bioethics Commission of the State
Institute for Dermatology and Venereology of the National
Medical Academy of Ukraine.
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Results

Study of the clinical course of trichomonas infection in
the observed patients revealed that 82.8 % of men and
90.6 % of women complained of their urogenital tracts.
Presence of mucous secretions was noted in 52.8 % of
men and 81.9 % of women. 35.2 % of men and 32.9 %
of women had burning sensation. Itching in the genital
area was present in 17.1 % of men and 21.6 % of wo-
men. 23.4 % of men and 28.1 % of women had dysuric
syndrome.

Among the examined women, the existing chronic
syndromes were as follows: vulvovaginitis was diagnosed
in 67.9 %, endocervicitis —in 61.4 %, adnexitis —in 59.9 %,
cystitis — in 31.8 % of women, erosion of the cervix — in
13.6 % of patients and infertility in 9.1 % of cases. Men
were diagnosed with chronic prostatitis in 82.8 % of ca-
ses, chronic urethritis in 69.7 %, epididymitis —in 9.9 %,
balanitis —in 4.9 % and erectile dysfunction and infertility
in22.7 %.

Particular attention was given to the group of 150
patients in whom the real-time PCR method verified
the Trichomonas tenax and Pentatrichomonas hominis
infection. We noted the presence of complaints (89.7 %)
and clinical manifestations in (91.4 %) patients, namely,
women had mucous discharge (88.1 %), genital itching
(74.1 %), vulvovaginitis (88.1 %) and endocervicitis
(49.1 %), while men had frequent desire to urinate
(32.1 %), manifestations of chronic urethritis and pros-
tatitis (59.7 %).

As shown by our studies, in 65.1 % of patients exa-
mined, trichomoniasis was defined as a mixed infection
with other STI agents, and the most significant were
the pathologic associations with Ureaplasma urealyticum
(26.1 %), Chlamydia trachomatis (16.7 %), Mycoplasma
hominis and Mycoplasma genitalium (13.9 %) and with
highly oncogenic types of Human papillomavirus as well
(15.6 %).

In our opinion, the data obtained are relevant, since
they demonstrate the species composition of oppor-
tunistic pathogenic microflora (OPM), which has been
identified as associates with Trichomonas vaginalis,
Trichomonas tenax and Pentatrichomonas hominis.
Comparing the species composition of OPM, some dif-
ferences were found, namely the overwhelming number
of isolated microorganisms in association with T. vaginalis
were represented by different types of streptococci and
staphylococci, and a smaller part — by representatives of
other families. Sex differences were also observed. Thus,
strains of opportunistic pathogenic microorganisms in high
levels of colonization were isolated in women (37.1 %).
The leading place among the isolated bacterial strains
was occupied by streptococci, and the percentage of
detected staphylococci was slightly lower. However,
the specific gravity of some species was higher than of
others. Among the streptococci found in this group, there
were the representatives of three species. The leading
positions of the streptococcal component were taken by
S. mitis and S. mutans (27.2 % and 15.9 %, respective-
ly), and staphylococcal components — S. haemolyticus
(17.7 %). The percentage of S. warneri detection (12.1 %)
was slightly lower. A fairly high percentage of detection
was reported for E. coli (11.9 %). In some women (5.8 %),
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Klebsiella spp. was found, a microorganism, which has
quite pronounced pathogenic properties and is not inhe-
rent to vaginal biotope.

According to the results of bacteriological studies in
men, the results of microbial composition of urogenital
biocenosis differed from the results obtained in women.
Among the men (41.9 %), S. haemolyticus (19.5 %) was
the “leader: of the isolated microorganisms, followed by
the representative of the genus streptococci — S. mitis
(12.4 %). It was reported that the streptococcal compo-
nent of biocenosis in males was represented by only one
species and was lower in percentage than in females.
Klebsiella spp. had a higher detection percentage in males
as compared to the female group, as the figure reached
almost 9.9 %. However, E. coli isolates were obtained in
less number of men as compared to women —7.3 %. Un-
like women, men were found to have a representative of
enterobacteria — Proteus mirabilis (4.7 %). Given the fact
that this microorganism should not be in this biotope, even
a low detected percentage of it raises questions about
how this pathogen from the large intestine got to urethra.

Study of OMP in patients with Trichomonas tenax and
Pentatrichomonas hominis infection showed that the fol-
lowing pathogens and / or their groups are most often
included in the relevant pathological microbial associa-
tions: Candida spp., Eubacterium spp., Mobiluncus spp./
Corynebacterium spp., Gardnerella vaginalis/Prevotella
bivia/ Porphyromonas spp. Moreover, significant advan-
tage in detection rate of some OPM in men could be
noted, namely: Enterobacteriaceae, Streptococcus spp.,
Staphylococcus spp., Gardnerella vaginalis/Prevotella
bivia/Porphyromonas spp., Eubacterium spp., Sneathia
spp./Leptotrihia spp./Fusobacterium spp., Mobiluncus
spp./Corynebacterium spp., Peptostreptococcus spp. As
shown by our data, 14.5 % of patients showed one type
(group) of microorganisms, in one third of cases these
were women (38.9 %), three or more types (groups) —in
64.6 %, and 6 or more were detected in every sixth patient
(18.8 %). Gender differences in the detection rate of these
microorganisms may be indicative of their adaptation to
the genitourinary system of men, despite certain diffe-
rences in alkalinity of the habitat. The detection rate of
Atopobium vaginae, on the contrary, was higher among
women. In the study of a group of apparently healthy
humans, there were no markers of sexual infection, and
the representatives of opportunistic pathogenic microflora
were isolated in the amount of 102 CFU/cm?® and less, in
the form of single colonies, in particular, in women mainly
S. epidermidis (52.5 %). and in males — S. saprophyticus
(66.3 %).

One of the factors that challenges the diagnostics of
Trichomonas vaginalis is the presence of atypical forms
of parasites, as they greatly vary in terms of their shape,
size, presence of flagella and nuclei [3]. In the study with
a transmissible electron microscope (TEM) T. vaginalis,
which were isolated from 55 patients with chronic infec-
tious diseases of the genitourinary organs with sluggish
course, had both rounded (oval) and classic (piriform)
shape, however, oval morphotype was more common
(68 %) than piriform. This fact can also be extrapolated
to the morphotypes that are likely to occur in vivo, since
cultivation in a medium makes it impossible to convert
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Fig. 1. Ultrastructure of T. vaginalis. Cytolemma is mostly preserved, contains no
microvillus. The oval-shaped nucleus () is filled with chromatin of uniform structure
and degree of compaction. The contour of the nuclear membrane is tortuous; nuclear
pores are visible in the right.

b

Fig. 2. Ultrastructure of T. vaginalis. There is a violation of integrity of the cellmembrane.
Membrane fragments and fibrous elements are immediately adjacent to the T. vaginalis
nucleus. Hydrogenosomes (I') have regular rounded shape and content of uniform
electron density. There are circular cisterns of Golgi complex (KI') and a small number
of fringed vesicles in the cytoplasm.

Fig. 3. Ultrastructure of T. vaginalis. T. vaginalis, which contacts M. genitalium, which
is topped with a terminal slightly-elongated organelle (—). Integrity of the trichomonad
cytolemma is impaired in some places. The nucleus (f) is oval and filled with
homogeneous chromatin of medium electron density. Small dense hydrogenosomes
(") and digestive vacuoles and vesicles of different size are identified in the cytoplasm.

Fig. 4. Ultrastructure of T. vaginalis. Fragments of two deflated epitheliocytes, to
the surface of which cocci adhere. Cytolemma of epitheliocytes forms a network of
microvilli. Cytoplasm is mostly filled with fibrillar proteins of the cytoskeleton and small
vacuoles.
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T. vaginalis from one morphotype to another one. The
round-shaped morphotypes are capable to divide via
amitotic bud formation, rather than longitudinal division,
like the typical piriform morphotypes. The following
ultrastructural features were established for the oval
morphotype: size variability (length 6-24 um and width
5-12 pm); undulating membrane and flagella in most
cells were absent; which may be indicative of immobility
of these trichomonads, axostyle, pelta and costa were
also reduced; nucleus of rounded or oval shape is located
mainly in the center of the cell; the nuclear envelope of
the investigated cells retained integrity, the pore comple-
xes were not common; the chromatin was presented with
a homogeneous electron-dense material that uniformly
filled the nucleus; the contour of the nuclear membrane
was often tortuous; heterogeneous nucleoplasmic density
was present; typical dictyosomes and the flattening of
Golgi apparatus tanks were absent; accumulations of
vesicles different in shape and density were observed
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around the nucleus; orderly arrangement of ribosomes
(in piriform pathogens, they were located in the nucleus
and organized into polysomes) was missing; internal
membranes system was partially reduced, cell vacuolation
was increased; polymorphism in size, shape and density
of the hydrogenosomes were observed [3] (Fig. 1, 2).
Ultra-thin sections of specimens taken from the cer-
vical canal, vagina and urethra revealed a large number
of diverse microorganisms that were located between
epithelial cells and adhered to epitheliocytes and, in
particular, were in contact with T. vaginalis [3] (Fig. 3, 4).
Thus, chronic forms of trichomonas infection are
most often microscopically represented with trichomo-
nad-bacterial associations. Therefore, we used a com-
plex therapy for treatment of urogenital trichomoniasis,
which included application of modern antitrichomonad
drugs in combination with antibiotics and pathogenetic
therapy. Further confirmation of the concept of activity of
nitroimidazole derivatives with systemic and local action
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against Trichomonas vaginalis as well as Trichomonas
tenax and Pentatrichomonas hominis was obtained. This
comprehensive approach provided the maximum era-
dication (94.9 %) of both trichomonads and concomitant
opportunistic and pathogenic microflora, which minimized
development of complications and recurrences.

Discussion

The data presented above show that the contemporary
trichomonas infection continues to occupy a leading posi-
tion in terms of prevalence and poses a threat to the health
of both young and mature people; also it leads to complica-
tions that stipulate impairment of reproductive, sexual and
urinary functions. We established that no significant gender
differences were detected in detection rate of trichomonas
infection agents in the genitourinary system of patients.
Attention was drawn by the mean age of the examined
patients, i.e. in spite of quite extensive age range (from 17
to 80 years), they were predominantly the patients above
thirty. This fact emphasizes the problem of the so-called
“trichomonas carrier state” when patients with oligosymp-
tomatic course of infection have no idea about presence
of trichomonas in them. The reported rate shows high
uniformity of this contingent and witnesses to the need for
timely examination and full-scale treatment, especially of
the patients of fertile age, taking into account the fact that
this is exactly the time when they plan pregnancy and have
children, and the index of infertility reaches almost 12 %
according to our data. Upon analysis of the obtained data,
it was shown that, among the male patients, a higher per-
centage of positive tests for Trichomonas vaginalis (82.8 %)
was reported in the patients with chronic prostatitis, as
compared with the patients with chronic urethritis (69.7 %).
Women had a rather high detection rate of vulvovaginitis
(67.9 %) and approximately equal percentages of chronic
endocervicitis and adnexitis (61.4 % and 59.9 %), respec-
tively. In our opinion, it is an interesting fact that there is
a high rate of chronic cystitis (55.9 %) in women aged 45
years and more.

Nevertheless, we have concerns about the fact that
contemporary trichomonas monoinfection occurs much
less frequently, and in most cases manifests in a form of
pathological microbial associations (up to 70 %), which
adds specific peculiarities to the disease course, and —
as a consequence — complicates the choice antibacterial
agents for etiotropic therapy. Our research is another
confirmation of this trend. It was further confirmed that in
patients with urogenital trichomoniasis, two morphotypes
of virulent forms of T. vaginalis are distinguished: piriform
and oval, with the latter morphotype outnumbers greatly,
namely, the round-shaped forms made up the majority
(67 %). The results of the ultrastructure study suggest
that the round-shaped forms of T. vaginalis are one of
the virulent forms rather than degenerative, as it was
considered previously, since they have the required
morphological organization and, therefore, are capable
of causing a pathogenic effect on the macroorganism.
However, the structural changes observed in cytoplasm
of round-shaped T. vaginalis cells indicate a decrease in
their physiological activity, which may witness to adverse
conditions experienced by them in the human body (e.g.
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the effect of anti-protist drugs), which coincides with
the other thoughts [1,4,6,10,13]. However, the issue of
possible affiliation of various trichomonad morphotypes
to various T. vaginalis serotypes or even to other Tricho-
monas species remains open and requires further study.

Analysis of our studies revealed the widespread
prevalence of protozoal invasions in genitourinary system
caused by Trichomonas tenax and Pentatrichomonas
hominis. Presence of chronic inflammatory process in
the genitourinary system of each patient enables us to
make assumptions about the prospect of current con-
sideration of Trichomonas tenax and Pentatrichomonas
hominis as the etiological factor for emergence and/or
course of urogenital infections, in particular, in pathological
microbial associations, which stipulates —in our opinion —
the need for their mandatory eradication.

High rate of Trichomonas vaginalis invasion (48.3 %)
established by optical microscopy and media inoculation
of Trichomonas tenax (18.2 %) and Pentatrichomonas
hominis (67.1 %) during real-time PCR indicates the need
for timely and informative diagnostics of these microorga-
nisms in order to prevent any possible complications. The
detection rate of Trichomonas vaginalis was higher par-
ticularly as a result of inoculation on liquid nutrient media.
Presence of agents in Gram stained smears was verified
almost twofold less, and PCR diagnostics was the least
sensitive (4 %) in this case. On the contrary, verification
of Trichomonas tenax and Pentatrichomonas hominis in
the urinary tract using the real-time PCR method was
maximally informative. Therefore, it was suggested
that during trichomonad verifications by inoculation on
the appropriate nutrient medium often take Trichomonas
non vaginalis is often confused with Trichomonas vagi-
nalis, namely Trichomonas tenax or Pentatrichomonas
hominis [15-17].

The scientific novelty of the data obtained is con-
firmed by the fact that protozoan invasions in addition
to Trichomonas vaginalis are also capable of causing by
Trichomonas tenax and Pentatrichomonas hominis. New
data on the ultrastructural features of the oval morphotype
of T. vaginalis make it possible to attribute it to virulent
forms of the pathogen, since they have the appropriate
morphological organization and are capable of inflicting
pathogenic influence.

A clinical feature of modern trichomoniasis is that it
runs chronically in the form of associations with other STls
(Ureaplasma urealyticum, Chlamydia trachomatis, My-
coplasma hominis and Mycoplasma genitalium, Human
Papillomavirus). The incidence of trichomoniasis depends
on the localization of infectious processes (vulvovaginitis,
endocervicitis, adnexitis in women, and prostatitis in men).

The practical relevance of the data presented is
that determining the type of protozoa, as well as their
morphological forms, plays a crucial role in preventing
STI complications, recurrences and re-infections through
the selection of adequate treatment and diagnostic and
preventive measures [1,5,14,18].

Conclusions

1. Trichomonas vaginalis invasion of the genitourinary
organs continues to be a leader in prevalence among
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STls. The diagnosis of trichomoniasis established by
optical microscopy and medium inoculation was verified
in 48.3 % of patients. Moreover, the peak incidence was
reported among the patients of the most reproductive age,
which proves the importance of the invasion monitoring,
taking into account the age of patients.

2. It is confirmed that presence of Trichomonas
vaginalis leads to complications that cause impaired
reproductive, sexual and urinary functions of the body. In
particular, it has been shown that the detection rate of this
microorganism depends on localization and the course
of infectious processes, namely in women with chronic
vulvovaginitis (67.9 %), endocervicitis (61.4 %) and
adnexitis (59.9 %) and in men with a sluggish course of
chronic prostatitis (48.1 %).

3. According to real-time PCR data, protozoal in-
vasions of the urogenital system, beside Trichomonas
vaginalis, may be also caused by Trichomonas tenax
(18.2 %) and Pentatrichomonas hominis (67.1 %), which
should be considered as important pathological factors of
urinary dysbiosis in the urogenital system in both women
and men with chronic inflammatory processes, which, in
our opinion, necessitates their mandatory eradication.

4. Contemporary trichomoniasis in most cases (up to
70 %) manifests as pathological microbial associations, in
particular with other STls, namely the most significant were
the pathological associations with Ureaplasma urealyticum
(26.1 %), Chlamydia trachomatis (16.7 %), Mycoplasma
hominis and Mycoplasma genitalium (13.9 %), OPM (up
to 65 %), as well as with highly oncogenic types of Hu-
man Papillomavirus (15.6 %), which affects the disease
course and its complications, as well as the choice of
effective therapeutic, diagnostic and preventive measures.

5. The obtained data on the ultrastructural features of
T. vaginalis of atypical oval morphotype in patients with
chronic trichomoniasis allows to attribute it to the virulent
form of the agent, rather than to the degenerative one,
since it has the necessary morphological organization
and is able to cause pathogenic effect on the macroor-
ganism, and currently it is identified more often (68 %)
than the typical piriform morphotype.

Prospect of further research is related to the ana-
lysis of correlation between the clinical, etiological and
morphological characteristics of contemporary tricho-
moniasis at the expense of both Trichomonas vaginalis
and Trichomonas non vaginalis, with the consideration
of the co-infections, in particular, study of the issue of
possible affiliation of various trichomonad morphotypes
to various T. vaginalis serotypes or even to other Tricho-
monas species, which can improve the clinical, diagnostic,
organizational ad preventive measures against the tricho-
monad invasion in human urogenital tract.
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