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Development of a prognostic scale for assessing the risk
of cervicitis based on extracellular microscopy data in Pap tests

Bogdan O. Shcheglov! E, Tatyana G. Lobova' ', Iulia V. Mikhailova' ~, Ivan V. Reva' ,
Dmitry P. Puga' ', Irina P. Koval' ', Svetlana N. Shcheglova’ ~, Marina B. Khamoshina® —,

Victor V. Usov! ', Kirill V. Stegniy' ', Yuliya I. Gainullina' ', Galina V. Reva'

! Far Eastern Federal University, Vladivostok, Russian Federation
*North-Eastern State University, Magadan, Russian Federation
SRUDN University, Moscow, Russian Federation
< b.shcheglov@mail.ru

Abstract. Relevance. Cervicitis remains a major health problem worldwide with a global prevalence ranging from 20% to
40% among women attending reproductive health clinics. In Russia, this disease affects approximately 15% to 30% of women of
reproductive age. It’s a significant problem requiring a revision of existing medical screening protocols for this population. The
high prevalence of cervicitis indicates the need for a more systematic approach to diagnosis and treatment to reduce incidence and
prevent possible complications. Materials and Methods. We analyzed data from 2991 studies from the archive of the Laboratory
Diagnostics Center of the Medical Complex of the Far Eastern Federal University in Vladivostok for the period 2014-2023. Data
analysis included statistical processing, searching for correlation dependencies between numerical and categorical indicators,
and building a logistic regression model. The data were checked and validated on a test sample to ensure the representativeness
of the results and their application in clinical practice. Results and Discussion. During the study, a mathematical predictive
model of logistic regression was developed in the form of a scale for preliminary assessment of the presence of inflammatory
processes in the cervix based on parameters including the presence of mucus and key cells, as well as the calculated indicator of
the total microbiota. The resulting model demonstrated moderate accuracy in recognizing cervicitis (AUC = 72%), allowing it to
be effectively used in practice for the early diagnosis of cervicitis. Conclusion. Mathematical analysis of extracellular elements
data can be used as a diagnostic tool to assess the presence of changes associated with an increased risk of cervical inflammation.
The use of this scale in clinical practice can significantly improve the quality of diagnosis and treatment of cervicitis, helping
to reduce morbidity and improve women’s reproductive health.
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Introduction

Cervicitis, or inflammation of the cervix, is a con-
dition particularly common among sexually active
women [1-3]. Studies estimate that the prevalence
of cervicitis in women worldwide ranges from 20%
to 40%, with higher rates in developing countries due
to limited screening and treatment options [1, 3]. In
Russia, cervicitis is also a major public health prob-
lem: recent epidemiological data indicate that it affects
approximately 15% to 30% of women of reproductive
age [1-4]. The variability in prevalence both globally
and within Russia highlights the need for improved
screening protocols and available treatment options.

A variety of factors may contribute to the develop-
ment of cervicitis in women [2—4]. These factors include
estrogen deficiency, cervical trauma that occurs during
childbirth, abortion, or diagnostic curettage. Also, the
use of intrauterine contraceptives (IUD) disrupts the
integrity of the cervix and its protective mechanisms,
facilitating the penetration of infection into the genital
tract and causing inflammation, including exo- and

354

endocervicitis. Additional provoking factors may include
benign tumors of the cervix, decreased immunity, pro-
lapse of the cervix and vaginal walls, as well as practices
such as sexual intercourse during menstruation, acid
douching, and improper use of spermicides. Cervical
pathology may also be caused by vaginal dysbiosis,
since a deviation in the pH of the environment from the
norm changes the composition of the vaginal microflora,
creating conditions for infection [2, 4]. Women who
have previously had cervicitis, suffer from concomitant
inflammatory diseases of the genitourinary system, have
had sexually transmitted infections (STIs), have had
early sexual intercourse, have more than one partner,
or have promiscuous sex without contraception are at
increased risk of developing this pathology.
Cervicitis diagnostics include a few methods, each
of which has its own advantages and disadvantages
[3, 4]. Inflammation of the cervix is most often caused
by infectious agents such as Chlamydia trachomatis
and Neisseria gonorrhoeae, or non-infectious physico-
chemical factors listed above. Diagnostic tests usually
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include a gynecological examination using speculums,
colposcopy, ultrasound examination of the pelvic or-
gans, nucleic acid amplification tests with polymerase
chain reaction (PCR), culturing methods, microscopic
examination, and serological tests. A pelvic examination
with a speculum provides a basic visual assessment of
the cervix, allowing for the detection of obvious signs
of inflammation, discharge, or lesions. This method is
a fundamental part of the pelvic examination and is
usually the first step in the evaluation of a patient with
symptoms of cervicitis [5-6]. However, its accuracy
is limited because it relies solely on visual inspection,
meaning that it cannot detect specific pathogens or
cellular changes that may indicate infection.
Colposcopy offers a more detailed examination
of the cervix using a specialized microscope — a col-
poscope. This method improves visual examination
by magnifying the tissues of the cervix, allowing for
the detection of abnormalities that are not visible
during a standard gynecological examination [7, 8].
Colposcopy can detect precancerous changes, lesions
caused by the human papillomavirus (HPV), and other
structural changes, thereby increasing the accuracy of
diagnosing conditions that may accompany cervicitis.
However, since this method is invasive, it is contrain-
dicated in acute inflammatory conditions (including
acute vaginitis and cervicitis) [7, 8]. This method can
also cause complications in the form of heavy bloody
discharge, exacerbation of local inflammatory processes,
discomfort in the genital area and lower abdomen, and
an increase in temperature when taking biopsy material
from altered areas. Pelvic ultrasound uses ultrasound
waves to create images of the internal structures of the
pelvis based on the physical principles of echolocation.
This noninvasive imaging technique can identify asso-
ciated macromorphologic complications of cervicitis
such as abscesses, pelvic inflammatory disease, or
other pelvic pathologies [9—11]. Ultrasound facilitates
a comprehensive assessment, revealing abnormalities
that cannot be detected by physical examination or
laboratory testing alone. PCR is the gold standard for
diagnosing infectious causes of cervicitis due to its
high sensitivity and specificity. This test can detect
the genetic material of pathogens with a sensitivity
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exceeding 90% and a specificity often exceeding 95%,
making them highly accurate for identifying Chlamydia
trachomatis and Neisseria gonorrhoeae and viruses such
as human papillomavirus (HPV) strains and herpes
virus. The ability to detect low levels of bacterial and
viral DNA in clinical specimens such as endocervical
swabs or urine provides a significant advantage over
traditional methods [12-14, 17, 20, 21]. However, the
major drawback of PCR is its high cost and the need
for specialized equipment, which limits its availability
in resource-limited settings.

Culture methods, although historically central to
the diagnosis of bacterial infections, have fallen into
disuse due to their lower sensitivity compared with
PCR. Culture sensitivities for N. gonorrhoeae and C.
trachomatis range from 50% to 85%, depending on the
pathogen and specimen quality [3, 4, 14, 15]. Cultures
are useful for antibiotic susceptibility testing, which
helps to select appropriate treatment. However, they
are time-consuming, typically requiring several days to
obtain results, and require strict specimen handling and
transportation conditions. Serologic tests, although less
commonly used in the routine diagnosis of cervicitis,
may be useful in certain circumstances, such as in the
diagnosis of herpes simplex virus (HSV) infections,
which may present with cervicitis [1, 3, 4, 14]. These
tests measure the presence of antibodies and may indi-
cate past or current infections. The main disadvantage
of serologic testing is the potential for cross-reactivity
and the inability to differentiate acute from chronic
infections.

Microscopic cytomorphological screening examina-
tion of Pap tests, including Gram, Romanovsky-Giemsa
and Papanicolaou staining, provides rapid information
on the presence of infection and the state of the cells
[3, 4, 17-19]. However, these methods, despite their
effectiveness in obtaining rapid results, have limitations
in sensitivity and specificity compared with molecular
methods, making them an additional tool in modern
diagnostics.

Gram staining is used to detect typical bacteria
such as Neisseria gonorrhoeae with a sensitivity of
50% to 70%, by detecting characteristic Gram-negative
diplococci [16, 18, 19]. However, this method is less
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effective in detecting Chlamydia trachomatis, which
stains poorly with Gram.

Wet microscopy of unfixed tissue is useful for
identifying Trichomonas vaginalis and assessing for the
presence of clue cells indicative of bacterial vaginosis.
This method allows direct observation of the character-
istic flagella of Trichomonas vaginalis, which makes
it informative for the diagnosis of trichomoniasis [16,
18, 19]. The presence of clue cells, which are epithelial
cells coated with bacteria, indicates bacterial vaginosis.
However, wet microscopy is less informative for other
causes of cervicitis.

Papanicolaou staining (Pap test) is used to assess
not only the morphology of epithelial cells, but also
to detect infections [17—19]. The method allows iden-
tification of Chlamydia trachomatis by the presence
of cytoplasmic inclusions in epithelial cells. For more
accurate detection, additional use of immunocyto-
chemical methods is often required. In addition, the
Pap test helps to detect viral infections, such as human
papillomavirus (HPV) infection, by detecting koilo-
cytes, epithelial cells with characteristic changes in the
nucleus and cytoplasm, as well as precancerous and
cancerous changes in the cervical epithelium. Smear
analysis for purity (or bacterioscopic analysis) with
Romanovsky-Giemsa staining expands diagnostic
capabilities, allowing observation of a wide range
of microorganisms such as Candida, Gonococci,
Gardnerella, and assesses the general condition of
the vaginal, urethral and cervical flora [16—19]. This
method allows identification of Trichomonas vaginalis,
Gardnerella vaginalis and other bacteria associated
with bacterial vaginosis, as well as detection of Can-
dida spp. by the presence of pseudomycelium and
fungal spores. Romanovsky-Giemsa staining is also
useful for assessing vaginal microflora and diagnos-
ing inflammatory processes. This method also allows
detection of signs of cytolysis, which indicates cell
breakdown and may be a sign of infection or other
pathological processes. Although this analysis provides
valuable information about secondary infections and
the state of the vaginal environment, it cannot provide
a complete diagnosis of cervicitis and is often used in
combination with other diagnostic methods.
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There is evidence that the presence and gradation
of extracellular elements of bacterial and fungal flora,
mucus, is most often associated with urogenital inflam-
matory changes [17, 20-22].

The extracellular elements in question are assessed
by laboratory diagnostic specialists during bacterio-
scopic analysis by indicating the range of values in the
field of view (for example, from 5 to 15 units in the
field of view) or by categorical gradations (absent, few,
moderate, many, abundant, etc.) of various localizations:
in the vagina (label V in bacterioscopic analysis), urethra
(label U) and cervix (label C) in the research protocol.
However, a literature review revealed that the topic of
quantitative assessment of extracellular structures in the
field of view during microscopic examination of gynae-
cological material has been poorly studied and requires
further research. This would allow establishing objective
boundary factors and developing scales that would
allow medical professionals to associate quantitative
parameters of extracellular elements with the presence
of cervicitis [17, 20, 26-28]. This information could
be used to create prognoses for the risk of developing
inflammation in the cervix.

The aim of this study is to investigate the relation-
ship between the quantitative assessment of extracellular
structures in the field of view during microscopic ex-
amination of gynaecological material and the presence
of cervicitis in patients.

Materials and methods

The study retrospectively analysed the archival
data of the Laboratory and Diagnostic Centre of the
Medical Complex of FEFU in Vladivostok. The study
was conducted in compliance with the standards of
the Helsinki Declaration (2000, 2013) and with the
permission of the local Ethics Committee of FEFU.
The data set included the results of 2991 Pap tests
performed between 2014 and the first half of 2023
using the ALIS laboratory system, as well as the cor-
responding 1080 medical records of female patients
aged 36.01 [22.79; 49.75] years [29]. Information on
the primary diagnosis was obtained from the medical
information system (MIS) 1C Hospital by matching
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the full name and date of birth of the patients [6]. The
main clinical diagnosis associated with changes in the
cervix, according to ICD-10 categories (N72-N74),
was revealed in 31.7% of patients aged 30.37 [21.12,
39.61] years, who underwent 1633 tests. In 1358 tests
in patients aged 42.0 [28.92, 56.68] years, the main
disease corresponded to the diagnoses of ICD-10
group Z. Mathematical and statistical analysis of the
data included descriptive statistics, statistical tests
(Mann-Whitney and assessment of correlation de-
pendencies for quantitative data and Chi-square for
categorical data). As a result, a predictive logistic
regression model was developed to assess the re-
lationship between the parameters of quantitative
microscopy of extracellular elements observed in the
field of vision with the presence of the main disease of
the cervix. The modelling was carried out by dividing
the data into training and test samples in a ratio of
80% to 20%, respectively, and evaluating the model
hyperparameters using the K-Folding algorithm with
the calculation of averaged model quality metrics
over 30 cycles and the selection of maximum values.

Calculations and data visualization were carried out
using the high-level Python programming language
and the Loginom analytical system.

Results and discussion

During the study, the integral indicator was de-
termined, equal to the total number of elements in the
vagina, urethra and cervix (1):

TV=X VS VT v 1)
where v, is the sum of elements in the urethra (desig-
nated in bacterioscopic analysis as U), Zv. is the sum
of elements in the cervix (label C), v is the sum of
elements in the vagina (label V).

Statistical analysis of the data set revealed several
significant predictors associated with the presence of
cervical inflammation. Continuous predictors were
age at the time of examination and calculated total
microbiota index in the visual field, identified using
the Mann-Whitney test (p-value < 0.05) according to
the data in Table 1.

Statistical indicators when assessing continuous data using the Mann-Whitney test rable 1
Parameter Number of tests in_patients with Number of tests in p_atients without pvalue
cervicitis (n = 1633) cervicitis (n = 1358)
Age at the time of testing, years 30.37[21.12,39.61] 42.0[28.92, 56.68] <0.0001
Integral indicator V, number 4.0[3.83,4.17] 5.0[4.82,5.18] <0.05

The categorical predictors, whose association with
the presence of pathology was assessed using the Chi-
square criterion, were the presence of key cells and the
presence of mucus in the cervix according to the data
in Table 2. In this case, the categorical values “absent”,

¥ <« SN 1Y

the corresponding numerical values 0, 1, 2, 3 and 4 to
enable statistical evaluation.

Additionally, an analysis of correlation interactions
between the model predictors was performed, presented
in Table 3.

“little”, “moderate”, “many”, “all” were pre-coded into
Table 2
Statistical indicators when assessing categorical data
Parameter Chi? statistics p-value by Chi? test Cl by Chi? test
Presence of key cells in the field of view, category 24.38 <0.0001 [18.8;30.0]
Presence of mucus in the field of view, category 37.14 <0.0001 [31.2;43.1]

OBSTETRICS AND GYNECOLOGY
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Table 3

Correlation matrix between predictors

p Age at the time of Presence of key cells in Presence of mucus in Integral indicator,
arameters X .

the test, years the cervix, number the cervix, number number
Age at the time of the test, years 1.00 -0.05 0.09 -0.01
Pregence of key cells in the -0.05 100 -0.06 023
cervix, number
Presence of mucus in the cervix, 0.09 -0.06 1.00 043
number
Integral indicator, number -0.01 0.23 0.43 1.00

Most predictors do not correlate with each other.
There is a moderate direct relationship between the
integral indicator and the presence of key cells and
mucus in the cervix, based on equation (1). The ob-
tained result of the analysis indicates a weak influence

of multicollinearity in constructing a logistic regression
model. For each predictor, averaged logistic regression
model coefficients were calculated over 30 cycles and
are shown in Table 4.

Table 4
Coefficients of the developed model
Attribute Coefficient
Constant, B, -3.534
Age of the patient at the time of the study, years 0.087
Presence of key cells in the cervix, number -0.785
Presence of mucus in the cervix, number 0.158
Integral indicator, number 0.018

The developed logistic regression model
achieved an average area under the curve (AUC)
of 72%, indicating moderate prediction accuracy
(Figure). The specificity and sensitivity values cor-
responded to the calculated optimal cutoff threshold
within 67-75%. Based on the obtained coefficients,
the developed scale takes the form of a logistic
regression equation (2):

S=[30+Agexﬁ1+PKC><[32+PMX,83+PMXB4(2)

Where S is the calculated value of the logistic regression
equation, Age is the patient’s age at the time of the study,
PKC is the number of key cells in the cervix, PM is
the amount of mucus in the cervix, and TM is the total
microbiota as an integral indicator.

358

Based on the calculated value of the logistic re-
gression equation, the risk of having cervical cancer is
assessed using the logit activation function (3):

_ 1
p 5 3

_1+e_

Where p is the probability of the patient having
cervical cancer, e is the Euler constant.

The probability p obtained during the calculation
can be dichotomized as follows (4):

(4)

{p < 0.5islowrateofcervititis
p > 0.5ishighriskofcervicitis

Modern methods of cervicitis diagnostics, including
visual examination, instrumental, molecular, microscopic
and serological tests have their advantages and limitations

AKYWEPCTBO N TMHEKOOT NA



Shcheglov BO et al. RUDN Journal of Medicine. 2025;29(3)

Fig. Quality metrics of the developed scale on training and test samples

in application. Visual examination using a gynaecological
speculum provides only a basic assessment of changes
in the mucosa condition without the ability to assess
cellular changes [5-6]. Examination using a colposcope,
despite the ability to assess altered tissues and take them
for biopsy, has a significant limitation in the form of
a contraindication to its implementation in acute inflam-
matory processes and the risk of developing post-diag-
nostic complications [7-8]. Ultrasound examinations,
despite their non-invasiveness, allow you to see only
macromorphological structures associated with inflam-
mation and complications, without the ability to assess

OBSTETRICS AND GYNECOLOGY

cellular processes occurring in tissues [9-11]. Nucleic
acid amplification tests (PCR) have high sensitivity
and specificity, making them the “gold standard” in the
diagnosis of infectious causes of cervicitis [12—-14, 17,
20, 21]. However, their high cost and the need for spe-
cialized equipment limit the availability of such tests in
resource-limited healthcare settings. Cultivation methods,
although less sensitive and more time-consuming, are
useful for antibiotic susceptibility testing [16, 18, 19].
Microscopic methods such as bacterioscopic analysis and
the cytomorphological Pap test provide information on
the presence of infection and the state of cells, but are
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inferior to molecular methods in sensitivity and specificity
[17-19]. At the same time, it is known that cervicitis is
associated in most cases with infectious and non-infec-
tious agents [1-4]. When performing cytomorphological
and bacterioscopic analysis, cytologists focus on studying
the morphology of cells and assessing the amount of
mucus and searching for bacterial agents similar to coccal,
gonococcal and fungal flora, which are associated with
a high risk of the presence of an inflammatory process
[3, 4, 16-19]. However, other parameters of quantitative
bacterioscopic analysis are included only in the protocol
part without their interpretation and possible connection
with the clinical picture with certain numerical values
that would allow them to be associated with various
diseases, in particular, with cervicitis. Due to the fact
that the scientific literature provides little information
on the influence of extracellular elements on the risk
of developing gynecological diseases, an analysis was
conducted and a mathematical model was developed to
describe their connection with the risk of inflammation
of the cervix [29].

The developed logistic regression model is
a modernization of the existing method of micro-
scopic screening study and uses quantitative data of
extracellular elements obtained during microscopic
bacterioscopic examination of gynecological material
to predict inflammatory processes in the cervix. The
main predictors of the model include the patient’s age,
the presence of clue cells and mucus in the cervix,
as well as the integral indicator V, which is the total
number of elements in the urethra, cervix and vagina.
These predictors were selected based on their signif-
icant correlation with the presence of inflammation
revealed during statistical analysis of the data. The
patient’s age affects the hormonal status and the state
of local immune homeostasis (LIH). An increase in
the amount of mucus in the cervix and the integral
indicator V reflects the overall level of extracellular
activity and is associated with an increased risk of an
infectious process. At the same time, an increase in
clue cells in the cervix is associated with a reduced
risk of an inflammatory process. The advantage of this
model is its ability to link data obtained during routine
microscopic bacterioscopic examination with the pres-
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ence of a clinical diagnosis of cervicitis. Presented in
a simplified form as a logistic regression equation and
a logit function, it will allow medical professionals to
independently or automatically calculate and assess
the risk of cervicitis in medical information systems.
This will make it possible to conduct a preliminary
assessment of the risk of cervicitis during screening
studies, especially in resource-limited settings where
access to expensive molecular methods may be difficult
or in cases where inflammatory processes may not be
associated with infectious agents. Assessing the odds of
the risk of having an inflammatory process in the cervix
with an assessment of such predictors as age, key cells,
and the integral V index in routine diagnostic protocols
can significantly improve the accuracy of diagnosis and
contribute to a more targeted approach to treatment.
The results of the study demonstrate the importance of
extracellular elements in the diagnosis of cervicitis and
offer a new tool for medical professionals. However,
since the obtained results were obtained on the basis of
a single medical institution, further studies are needed
aimed at validation and adaptation of this model in other
clinical settings and populations to improve screening
protocols and diagnosis of cervicitis during screening
microscopic examinations of gynecological smears.

Conclusion

The study presents the results and demonstrates
the potential of quantitative microscopic analysis of
extracellular elements in the field of view during smear
microscopy as a method for additional detection of
cervicitis. The identified patterns make it possible to
improve the screening protocols for material from the
cervical canal and increase the accuracy of detection of
inflammatory processes in the cervix. However, further
studies are needed to verify and clarify the parameters
of prognostic models and integrate them into routine
clinical diagnostic practice.

References / Cnnucok nutepatypbl

1. Kravets A, Kuznetsov VV, Morkhov KYu, Nechushkina VM,
Khokhlova SV. Clinical guidelines for the diagnosis and treatment of
cervical cancer. Moscow: All-Russian Union of Public Associations

AKYWEPCTBO N TMHEKOOT NA



Shcheglov BO et al. RUDN Journal of Medicine. 2025;29(3)

of the Association of Oncologists of Russia. 2014. Moscow. 17 p.
(In Russian) [Kpasgey A., Ky3Heyoe B.B., Mopxoe K.FO., Heuywxku-
Ha B.M., Xoxnoea C.B. KnuHrueckue peKOMeH/alvu 10 JUarHoCTUKe
1 JIeUeHHIO paKa ek Matku. Mockea: Obwepoccutickull coio3
0buecmaeHHbIx 0b6veduHeHuli Accoyuayuu oHkonozoe Poccuu. 2014.
Mocksa. 17 c.]

2. Pivazyan LG, Unanyan AL, Davydova YuD, Poimanova OF,
Bondarenko EN, Ishchenko Al Prevention and screening of cervical
cancer: a review of international clinical guidelines. Problems of
Reproduction. 2022;28(5):90-99. doi: 10.17116/repro20222805190.
(In Russian) [ITuea3zsH JI.I., YHausH A.JL., [lagbidoea FO. /1., ITotimaHo-
8a O.9., bondapeHnko E.H., Mujenko A.1. TIpodunakTuKa U CKpUHUHT
paxa L1efKu MaTKu: 0630p MeXK/[yHapOZHbIX K/IMHUYeCKUX PEKOMeH-
Jauuii // IIpobaembl penpodykyuu. 2022. T. 5. C. 90-99.]

3. Mgeryan AN, Dovletkhanova ER, Abakarova PR,
Mezhevitinova EA, Nazarova NM, Prilepskaya VN. Inflammatory
diseases of the pelvic organs in clinical practice: diagnostics, treatment,
prevention. Obstetrics and Gynecology. 2023; S6:20-28. (In Russian)
[Meepsn A.H., [loenemxaroga 3.P., Abakaposa I1.P., MescegumuHo-
ea E.A., Hazapoea H.M., IIpunenckas B.H. BocianutensHble 3aboite-
BaHMs1 OPraHOB MaJIOTo Ta3a B K/IMHUYECKOH MpaKTHKe: JUarHOCTHKa,
JieueHye, MpoQuUIakTHKa // Akywepcmeo u euHekonoausi. 2023. T. S6.
C. 20-28.]

4. Tulupova MS, Khamoshina MB, Kalendzhyan AS,
Chotchaeva AI, Pastanak AYu. Gynecological morbidity and
reproductive losses in Russia in the first decade of the 21st century.
Bulletin of the Peoples’ Friendship University of Russia. Series:
Medicine. 2011; S5:280-283. (In Russian) [Ty1ynosa M.C., Xamo-
wuHa M.B., Kanenoscan A.C., Yomuaesa A.1., [Tacmanak A.FO. T'uHe-
KoJsloruueckasi 3a00/1eBaeMOCTb U PENpPOAYKTHUBHbIE 110TepH B Poccun
B nepBoii gekage XXI B // BecmHuk Pocculickoeo yHugepcumema
Opyacobl Hapodos. Cepusi: MeduyuHa. 2011. T. S5. C. 280-283.]

5. Hamidiloyevna ID. A new approach to the treatment of
nonspecific cervicitis in women of the reproductive period. International
Global Conference. 2024;1(4):101-102.

6. Yang CY, Chang TC, Chou HH, Chao A, Hsu ST, Shih YH,
Huang HJ, Lin CT, Chen MY, Sun L, Huang KG, Wu KY, Hsieh WC,
Huang YT, Chen LH, Lu CH, Lin H, Cheng CM. Evaluation of a novel
vaginal cells self-sampling device for human papillomavirus testing
in cervical cancer screening: A clinical trial assessing reliability and
acceptability. Bioeng Transl Med 2024; 9(4): e10653. doi: 10.1002/
btm2.10653

7. LiuY, Liao J, Yi X, Pan Z, Pan J, Sun C, Zhou H,
Meng Y. Diagnostic value of colposcopy in patients with cytology-
negative and HR-HPV-positive cervical lesions. Archives of
Gynecology and Obstetrics. 2022;306(4):1161-1169. doi: 10.1007/
s00404-022-06415-5

8. Berry El, Safwat MM, Asser TM, Zain Eldin AKM. Accuracy
of Digital Colposcopy in Diagnosis of Cervical Pathology. Benha
Medical Journal. 2023;41(4):56-65.

9. Olimid D. Ultrasonographic aspects of the cervix in chronic
cervicitis. Analele Universitatii din Craiova. Seria Biologie,
Horticultura, Tehnologia Prelucrarii Produselor Agricole, Ingineria
Mediului. 2022;27. doi: https://doi.org/10.52846/bihpt.v27i63.46

10. He Y, Guo J. Correlation between cervical thickness and
histological severity of cervical intraepithelial neoplasia: A transvaginal

OBSTETRICS AND GYNECOLOGY

ultrasound investigation. Indian Journal of Experimental Biology.
2023;61:953-958. doi: 10.56042/ijeb.v61il2.6813.

11. Shao J, Shi G, Qi Z, Zheng J, Chen S. Advancements in the
application of ultrasound elastography in the cervix. Ultrasound in
Medicine and Biology. 2021;47(8):2048-2063.

12. Zeng H, Liu M, Xiao L, Zhang X, Feng Q,
Chang S. Effectiveness and immune responses of focused ultrasound
ablation for cervical intraepithelial neoplasia. International Journal
of Hyperthermia. 2022;39(1):539-546.

13. Kang WT, Xu H, Liao Y, Guo Q, Huang Q, Xu Y,
Li Q. Qualitative and quantitative detection of multiple sexually
transmitted infection pathogens reveals distinct associations with
cervicitis and vaginitis. Microbiology Spectrum. 2022;10(6): e01966-22.
doi: 10.1128/spectrum.01966-22

14. Bansal S, Bhargava A, Verma P, Khunger N, Panchal P,
Joshi N. Etiology of cervicitis: Are there new agents in play? Indian
Journal of Sexually Transmitted Diseases and AIDS. 2022;43(2):174—
178.

15. Patel AS, Sheth AN. Vaginitis and Cervicitis. Sexually
Transmitted Infections in Adolescence and Young Adulthood:
A Practical Guide for Clinicians. Springer Nature. 2020;53-68. doi:
10.1128/spectrum.01966-22

16. Kutsenko II, Borovikov IO, Kravtsova EI, Avakimyan AA,
Borovikova OI, Andreeva AA. Changes in the microbial landscape
of the vagina against the background of complex treatment of mixed
recurrent vaginal infections // Obstetrics and Gynecology. 2024;3:152—
162. (In Russian) [KyyeHxo H1.H., Boposukoe U.0., Kpasyoea E. 1.,
AsakumsH A.A., Boposukoea O.U., AHOpeesa A.A. VI3MeHeHUs MU~
KpOOHOTO Meii3aka Bnara/miia Ha poHe KOMIJIEKCHOTO JIeUeH s CMe-
IaHHBIX PeLU/IMBUPYIOLMX BarkHa/IbHBIX MH(EKLH // AKywepcmeo
u euHekonoeusi. 2024. T. 3. C. 152-162. doi: 10.18565/aig.2024.67].

17. Nkwabong E, Laure Bessi Badjan I, Sando Z. Pap smear
accuracy for the diagnosis of cervical precancerous lesions. Tropical
Doctor. 2019;49(1):34-39. doi: 10.1177/0049475518798532

18. Dasgupta S. The Efficiency of Cervical Pap and Comparison
of Conventional Pap Smear and Liquid-Based Cytology: A Review.
Cureus. 2023;15(11).

19. Najib F, Hashemi M, Shiravani Z, Poordast T, Sharifi S,
Askary E. Diagnostic accuracy of cervical pap smear and colposcopy
in detecting premalignant and malignant lesions of cervix. Indian
journal of surgical oncology. 2020;11:453-458. doi: 10.1007/
$13193-020-01118-2

20. Dmitryukova MYu, Korolenkova LI, Romanyuk TN,
Leshkina GV, Shipulina OYu, Shipulin GA. Molecular and biological
features of HPV type 16 infection and the risk of developing cervical
squamous cell intraepithelial lesions and cervical cancer // Obstetrics
and Gynecology. 2019;2:113-119. doi: 10.18565/aig.2019.2.113-119.
(In Russian) [Zmumprokoea M.FO., Koponenkoea JI.1., Pomaniok T.H.,
JlewkuHa I'.B., IIunyauna O.FO., Illunyaun I'.A. MoneKkynsipHO-
6uonornyeckre ocobeHHoCcTH HHpeKnyy BITY 16 Tumna v puck
PasBUTHSA LlePBUKA/BHBIX MI0CKOK/IETOUHBIX UHTPasIUTeNHaIbHBIX
TIOpa’KeHUH 1 paka IeliKu MaTku // Akywepcmeo u 2uHekonozus. 2019.
T. 2. C. 113-119. doi: 10.18565/aig.2019.2.113-119.]

21. Beglaryan GA, Harutyunyan AG. Modern understanding of
the role of papillomavirus infection in the development of cervical
intraepithelial neoplasia. Obstetrics and Gynecology. 2021;12:17-22.

361



Shcheglov B.O. et al. Bectaux PYJTH.

doi: 10.18565/aig.2021.12.17-22. (In Russian) [BeaaapsiH I'A, Apy-
mioHsiH AI'. CoBpeMeHHOe TIpefiCTaB/IeHHe O POJIY Manu1I0MaBUpyC-
HOM MHGEKIMY NPYU Pa3sBUTHM LiePBUKATbHON HHTPasNUTeNHa IbHON
Heor1asuy // Akywiepcmeo u euHekonoeus. 2021. T. 12. C. 17-22. doi:
10.18565/aig.2021.12.17-22.]

22. Lefeuvre C, Pivert A, Guillou-Guillemette HL, Lunel-Fabiani F,
Veillon P, Duc-Banaszuk ASL, Ducancelle A. Urinary HPV DNA testing
as a tool for cervical cancer screening in women who are reluctant to
have a Pap smear in France. Journal of Infection. 2020;81(2):248-254.
doi: 10.1016/j.jinf.2020.05.006

23. Reva IV, Shcheglov BO, Puga DP, Koval IP, Reva GV.
Quantitative dynamics of immunocompetent cells in the structure
of epithelial differons of the cervix in women of older age groups.
Higher School: Scientific Research: Proceedings of the Interuniversity
International Congress, Moscow, July 07, 2023. 2023;2:33-37.

24. Fekri-Ershad S. Pap smear classification using combination
of global significant value, texture statistical features and time series
features. Multimedia Tools and Applications. 2019;78(22):31121-31136.

25. Jayapalan S, Bindu RS. Papanicolaou smear: A diagnostic aid in
sexually transmitted infections. Indian Journal of Sexually Transmitted
Diseases and AIDS. 2020;41(2):143-148.

26. Amirkhanyan AS, Bayramova GR, Kiselev VI, Prilepskaya VN,
Poloznikov AA, Burmenskaya OV, Babkina IO, Asaturova AV. Chronic
cervicitis associated with human papillomavirus and inflammation
markers in women of reproductive age. Obstetrics and Gynecology.
2019;4:49-57. doi: 10.18565/aig.2019.4.49-57. (In Russian) [Amup-
xaHsiH A.C., Batipamosa I''P., Kucenes B.H1., IIpunenckas B.H., ITono3Hu-
kos A.A., Bypmenckas O.B., Babkuna 11.0., Acamypoga A.B. XpoHude-

Cepust: MeguiuHa. 2025. T. 29. Ne 3

CKMH LIepBULIUT, aCCOLMMPOBaHHBIN C BUPYCOM MaluIIOMbl UesioBeka
Y MapKepbl BOCIa/leHNs! Y )KEHILMH PerpolyKTUBHOIO Bo3pacrTa //
Akywepcmeo u euHekonoeusi. 2019. T. 4. C. 49-57. doi: 10.18565/
aig.2019.4.49-57.]

27. Virtanen S, Rantsi T, Virtanen A, Kervinen K, Nieminen P,
Kalliala I, Salonen A. Vaginal microbiota composition correlates
between pap smear microscopy and next generation sequencing and
associates to socioeconomic status. Scientific reports. 2019;9(1):7750.
doi: 10.1038/s41598-019-44157-8

28. Honarvar Z, Zarisfi Z, Sedigh SS, Shahrbabak MM. Comparison
of conventional and liquid-based Pap smear methods in the diagnosis of
precancerous cervical lesions. Journal of Obstetrics and Gynaecology.
2022;42(6):2320-2324.

29. Shcheglov BO, Reva GV, Shcheglova SN. Certificate of
state registration of database No. 2023620481 Russian Federation.
Determination of cell types by morphological characteristics for
cytological diagnostics of cervical cancer: No. 2023620190: declared
01.02.2023: published 06.02.2023. Applicant Federal State Autonomous
Educational Institution of Higher Education “Far Eastern Federal
University”. (In Russian) [CBuzeTensCTBO 0 TOCYAapCTBEHHOU pe-
ructpayu 6a3bl JaHHbIX Ne 2023620481 Poccuiickas Pefepariysi.
OrnpeziesieHe TUTIOB KJIETOK 110 MOP(OIOrMYeCcKiM XapakTepUCTUKaM
JJ1S1 LIUTO/IOrMueCKOM IMarHOCTUKY paka 1elku Matku: Ne 2023620190:
3asBi. 01.02.2023: ony6n. 06.02.2023 / B.O. I1Jeznos, I'.B. Pesa,
C.H. Il]eznosa; 3asBuTens PefepaibHOe roCyjapCTBEHHOE aBTOHOMHOE
obpasoBaTtesibHOe yupexxJeHue Bbiciiero oopasoBanus “JlanbHeBo-
CTOuHbIN (esiepanbHblil yHUBepcuTeT”. |

Pa3paboTka NpoOrHoCTUYECKOM LUKaJibl OLLEeHKN PUCKA HaNnuusa
LLepBMLIMTA HA OCHOBE AlaHHbIX BHEK/IETOYHOU MUKPOCKONUU
B lNan-TecTtax

B.O.lernos! ~ =, T.T. JToGoea! , }0.B. Muxaiinopa' ~, 11.B.Pepa!
JILIIyra' ', I.IL KoBans' ', C.H. IllernoBa’ ', M.b. Xamomm=a® ~,
B.B.YcoB! ', K.B. Crernuii' ', FO.W. laiiny/utnna' —, I.B. PeBa’

! TanbHEBOCTOUHBIHN (efepanbHbIA YHUBEPCUTET, 2. Bradueocmok, Pocculickas @edepayust
2 CeBepo-BoCTOUHBIH rOCYJapCTBEHHBIN YHUBEPCHUTET, 2. MazadaH, Poccuiickas dedepayus
3 PoccuiiCcKUii YHUBEPCUTET APY>KObl HAPOAOB, 2. Mockea, Poccuiickas ®edepayus
> b.shcheglov@mail.ru

AnnoTtamms. AkmyanbHocmb. LlepBULIUT, r1o6anbHas pacrpoCcTpaHeHHOCTh KoToporo Konebnercs ot 20% 10 40% cpenu
JKEeHIIWH, TI0CeLal0NINX KIMHUKU PeNPOAYKTUBHOTO 3/10POBBS], OCTAeTCsI Cepbe3HOH npobieMoii 34paBooxpaHeHust BO BCEM
mupe. B Poccun atum 3aboneBaHreM CTpaaroT npuMepHo oT 15% 10 30% yKeHIIWH pernpoAyKTUBHOrO Bo3pacTa. JTO SB/SeTCs
3HAUMTE/ILHOMU MPob6eMoii, Tpebyroliiel mepecMoTpa CyIlleCTBYIOL[UX MTPOTOKOIOB MEIUI[UHCKOTO CKPUHUHTA [I7Isl TAHHOH

362

AKYWEPCTBO N TMHEKOOT NA


https://orcid.org/0000-0002-2262-1831
mailto:b.shcheglov%40mail.ru?subject=%D0%A9%D0%B5%D0%B3%D0%BB%D0%BE%D0%B2%20%D0%91%D0%BE%D0%B3%D0%B4%D0%B0%D0%BD%20%D0%9E%D0%BB%D0%B5%D0%B3%D0%BE%D0%B2%D0%B8%D1%87
https://orcid.org/0000-0003-1721-6548
https://orcid.org/0000-0002-9932-5985
https://orcid.org/0000-0002-3727-393X
https://orcid.org/0000-0002-4322-0359
https://orcid.org/0000-0001-8648-3725
https://orcid.org/0000-0001-5898-9120
https://orcid.org/0000-0003-1940-4534
https://orcid.org/0000-0002-1182-7551
https://orcid.org/0000-0003-0472-9504
https://orcid.org/0000-0002-7681-5447
https://orcid.org/0000-0001-6502-4271
mailto:b.shcheglov%40mail.ru?subject=%D0%A9%D0%B5%D0%B3%D0%BB%D0%BE%D0%B2%20%D0%91%D0%BE%D0%B3%D0%B4%D0%B0%D0%BD%20%D0%9E%D0%BB%D0%B5%D0%B3%D0%BE%D0%B2%D0%B8%D1%87

Shcheglov BO et al. RUDN Journal of Medicine. 2025;29(3)

KaTeropuu HaceseHHst. BBICOKasi pacripoCTpaHeHHOCTD LIePBULIMTA YKa3bIBaeT Ha HeoOXOAMMOCTE Ooslee CHCTEMHOTO MOAX0za
K TUaTHOCTHUKE U JIEUEHUIO [IJIs CHIDKEHHsI 3a00/1eBAEMOCTH U MPeJOTBPALLiEHHs] BO3MOXKHBIX 0C/I0KHeHUH. Llesib — pa3paboTathb
LIKaJTy /151 OL|eHKH BIIMSIHUS KOJIMUeCTBEHHBIX [T0Ka3aresiell BHEKJIETOUHBIX 3/IEMEHTOB Ha PUCK Ha/IM4usl LiepBULIUTA, OCHOBBI-
BasICh Ha JJAHHBIX KOJIMYeCTBEHHO! OL|eHKU BHEKJIETOUHBIX CTPYKTYP B IO/SAX 3peHUs P MUKPOCKOIUYECKOM HCC/el0BaHNN
TMHEKOJIOrM4eCKoro Marepuasna. Mamepuaabt u Memoobl. s pa3paboTKy LIKa/bl UCII0/Ib30BAIMCh JaHHble 2991 ucciiefoBaHuii
u3 apxuBa LleHTpa s1abopaTopHOM AUArHOCTUKKA MeUIIMHCKOTO KOMIIeKca [JalbHEBOCTOUHOTO (eiepasbHOr0 YHUBEPCUTETA
B I. BnaguBocroke 3a epuog, 2014-2023 r1. AHanM3 IaHHBIX BKJIIOUAJ CTaTUCTUYECKYI0 00paboTKYy, TIOMCK KOPPesILIMOHHBIX
3aBUCUMOCTeN MeXXy YMC/IOBBIMU U KaTeropua/JbHBIMU M0Ka3aTels MU U ITIOCTPOeHUe MOZeIN JIOTUCTUUEeCKOH perpeccum.
IanHbIe OBbLIH MPOBEPEHBI U BaUIUPOBAHbI HA TECTOBOW BBIOOPKE /17151 06eCreueH st perpe3eHTaTHBHOCTH Pe3y/IbTaToB U UX
NIpYMeHeHUs1 B KJIMHUUEeCKOH npakTuke. Pesyabmambt u obcyscdeHue. B xofie ucciefioBanus 6bu1a paspaboTaHa MaTeMaTuuecKast
TIPOTHOCTHYEeCKasl MOZieJIb JIOTUCTUUECKOM perpeccu B BU/e IIKabl [J151 IpeJjBapuTeIbHON OLeHKU Ha/IMuKs BOCHA/IUTebHbIX
TIPOL{eCCOB B LIIeliKe MaTKM Ha OCHOBe NlapaMeTPOB, BK/IIOYAIOLUX HaTUUMe CJIM3U U K/II0UEBbIX KJIETOK, a TAK)Ke pacueTHOr0
MoKa3aTeisi CyMMapHOH MUKPOOHOTHL. TTo/iyueHHas MO/ieib MPOJIEMOHCTPUPOBaia YMEPEHHYIO TOUHOCTh B PACIIO3HABAHUU
yepsuuta (AUC = 72 %), o3Bosisisi 3p(eKTHBHO UCIIONB30BaTh e€ B IIPAKTUKe /IS PaHHel [UarHOCTHKY LiepPBULIMTA. BbigoOb!.
MaremaThueCcKUi aHaIu3 JaHHbIX BHEK/IETOYHBIX /IEMEHTOB MOXKET ObITh UCMO/Ib30BaH KaK AUarHOCTUUYECKHUM HHCTPYMEHT
J7151 OL|eHKU Ha/IM4yMs U3MeHeHUH, aCCOLMMPOBAHHBIX C MOBBIIIEHHBIM PUCKOM BOCIA/UTENBHOIO Mpoliecca B Leiike MaTKU.
IIpumeHeHMe [aHHOM IIKasbl B KJIMHAYECKOW MPaKTUKE MOXKET 3HAUMTE/IbHO YIYULIUTh KaueCTBO AUArHOCTUKU U JIe4eHUs!
LIEPBULIUTA, CIIOCOOCTBYSI CHUYKEHHIO 3a00/1€Ba@MOCTH U Y/TyULLIEHHIO PEPOJYKTUBHOTO 3[J0POBbSI KEHILH.
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1IKasa
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