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ABSTRACT

Aim. To improve the efficiency of diagnosing cervical pathologies using cytology and polymerase chain reaction
(PCR) for human papillomavirus (HPV), taking into account the detection of HPV in upper parts of the endocervix.

Materials and methods. The study involved 60 patients with cervical pathology. The results of the cytological
studies were verified according to The Bethesda system; the patients were divided into groups based on the results:
Group | (n = 22) — negative for intraepithelial lesion or malignancy (NILM), Group II (n = 18) — low-grade
squamous intraepithelial lesion (L-SIL), Group Il (n = 12) — high-grade squamous intraepithelial lesion (H-SIL),
Group IV (n = 8) — atypical squamous cells of undetermined significance (ASC-US). Standard PCR testing for
HPV and PCR of the endocervical homogenate were conducted using the Hybrid Capture Digene test (RF Patent
No. 2833119 dated December 14, 2023).

Results. Persistence of HPV in the upper endocervix was detected in 45 (75%) of patients. HPV was diagnosed
significantly more often (p = 0.0157) in patients with L-SIL and H-SIL cytology — in 89% (16/18) u 100% (12/12)
cases, respectively. Oncogenic HPV serotypes were found in 59% (13/22) of patients with NILM and in 50% (4/8)
of patients with ASC-US. High frequency of discrepancies in the profile of the detected HPV strains between
standard PCR and homogenate PCR testing was observed and was comparable across all groups: NILM 64%
(14/22); L-SIL 61% (11/18); H-SIL 58% (7/12); ASC-US 75% (6/8), p > 0,05. Persistence of HPV in the upper
parts of the cervix with negative standard PCR results was detected in 41% (9/22) of patients with NILM. A high
viral load in the homogenate was detected more frequently in patients of the H-SIL group (p = 0.0374).

Conclusion. Extended diagnosis allows for a comprehensive assessment of the degree of cervical involvement
in the pathology and helps determine the optimal management strategy for women at high risk (H-SIL, recurrent
L-SIL, HPV persistence with high viral load).
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PaclumpeHHana AnarHoCcTrKa nNnaTonorni Wemnkn maTkm

YepHos [1.10., TuxoHosckas O.A., JlorsuHos C.B., Notanos A.B., l’epacumos A.B.,

Fepenr E.A., Ak6awesa O.E., JlacykoBa T.B.

Cubupckuii cocyoapcmeennblil meouyurckul yrusepcumem (Cubl’MY)

Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Lean uccienoBanus: MoBeimeHHe d3PPEKTUBHOCTH JUATHOCTUKHU MATOJOTUH IICHKH MaTKU C MCIOJB30BAaHUEM
IUTOJIOTHYECKOM TMATHOCTUKY U moJiuMepas3Hoii nemnoi peakuuu (I11P) Ha Bupyc nanumtoMsr dyenoseka (BITY),
¢ yueToM BeIsBIIeHHs nepcucteHiu BITU B BepxHuX 0oT/enax LHepBUKaIbHOIO KaHaa.

MarepuaJjibl 4 MeTOABI. B rpymiy nccienoBaHus BKIIOYEHB! MAIHUEHTKH (1 = 60) ¢ maTtojaoruelt merkn MaTKH.
Brmmonrensr murongoruueckre uecaeaoBaHus ¢ Bepudukanuei auaraosa mo knaccuguxanuu The Bethesda system
U pacrpe/esieHb! MaleHTKH Ha TPYIIIEI B COOTBETCTBHH C pe3yibraTaMu: | (n = 22) — negative for intraepithelial
lesion or malignancy (NILM), Il (n = 18) — low-grade squamous intraepithelial lesion (L-SIL), IIT (z = 12) high-
grade squamous intraepithelial lesion (H-SIL), IV (n = 8) atypical squamous cells of undetermined significance
(Asc-Us). [TpoBenens! crannaptaas [1L[P-muarnoctrka BITY u [P romorenara sHI0LIEpPBUKATEHOTO KOMIIOHEH-
ta metonamu Hybrid Capture Digene test (manens 14 oHKOCepoTHUoB) Ai1st BhIsiBiIeHHS BITY B BepXHUX oTHenax
HepBUKAIBbHOTO KaHama (maTeHT Ne 2833119 ot 14.12.2023).

PesyabTatsl. Ilepcucrenmus BITY B BepxHHUX 0TAeNax [EpBUKAIBLHOTO KaHasa BbIssBIeHa Y 45 (75%) n3 60 maru-
enTok. BITY nuarnoctupoBan goctosepHo (p = 0,0157) yamie y maimeHToK ¢ pe3ysibTaraMu oHKouuTosnoruu L-SIL
u H-SIL — B 89% (16/18) u 100% (12/12) cnydasx coorBercTBeHHO. BIIY B BepXHHX OTIeNax LEPBUKAIBLHOTO
kaHana obHapyxeH y 59% (13/22) namuenTok rpynnst NILM u 50% (4/8) nanuenrtok rpynmsl Asc-US. Bricoka
4acTOTa PacXOKAECHUH B CTPYKType BbIsABJIECHHBIX mTamMmmoB BITY npu nposeaenuu crangaprHoro ITLIP u ITLP
roMoreHaTta, cornocraBuma s Beex rpymm: NILM 64% (14/22); L-SIL 61% (11/18); H-SIL 58% (7/12); Asc-Us
75% (6/8), p > 0,05. Iepcucrennust BITY B BepXHHUX OT/ENaX HEPBUKATBHOTO KaHAA PH HEraTUBHBIX PE3yJbTa-
tax crangaprHoit I1LIP BeaBieHa y 41% (9/22) naunentox ¢ NILM. Bbicokast BUpyCHast Harpy3ka B TOMOreHaTe
omnpenensach yamnie y nanueHTok rpymmsl H-SIL (p = 0,0374).

3axinoyenue. Pacuivpenue AMarHOCTUKY IO3BOJISET B IIOJIHOM Mepe OLICHUTh CTEIICHb BOBJICUECHUS IEHKU MaTKU
B [IATOJIOTUUYECKUN MPOLIECC U ONPECIUTh ONTUMAIbHYIO TAKTUKY BEACHUS Y KEHILUH C BBICOKOH CTEIEHBIO PU-
cka (H-SIL, peunnusst L-SIL, Beicokast BupycHas Harpy3ka BITY).

Kurouesble cjioBa: naTosorys menkn MaTKu, BUPYC NaNWUIOMBl Y€JI0BEKa, NEPCUCTEHLINs, AuarHocTuka, [P,
LUTOJIOTHsI, TOMOTEHAT

KOHq).]'Il/lKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C ny6nm<aunel71 HaCTOS{IHeﬁ CTaTbHu.

Hcrounnk ¢puHaHCHPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS P MPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTcTBHE NPMHLIMIAM 3THKHM. Bce ManmeHTsl moamucain JoOpoBONbHOE HHYOPMHUPOBAHHOE COTJIACHE.
HccnenoBanne ono0peHo stuueckuM komuTeroM Cubl'MYVY (peructpaunonnsiii Ne 9344, nara 3acemanHust
30.01.2023).

Jas uutupoBanms: YepuoB J[.}O., Tuxonosckas O.A., JlorsunoB C.B., IloraroB A.B., I'epacumo A.B.,
I'epenr E.A., Axb6amesa O.E., Jlacykosa T.B. Pacmmpennast aparHocTika naToIOTHH MeHkn MaTKu. broanemens
cubupcroii meouyunvl. 2025;24(4):104-110. https://doi.org/10.20538/1682-0363-2025-4-104-110.

INTRODUCTION

Squamous intraepithelial and glandular lesions of
the cervix are the most common pathologies among
women of reproductive age. The leading etiological
factor in these cases is human papillomavirus (HPV),
followed by integration of viral deoxyribonucleic
acid (DNA) into the nuclei of epithelial cells, which

is pathogenetically associated with the subsequent
cervical cancer development [1]. Cervical cancer
remains a major global health concern, as evidenced
by the projected increase in new cases to 700,000 by
2030 [2].

HPV affects not only the transformation zone
but also the endocervical crypts (in 82.6% of cases).
Anatomical features of the cervix, such as length of
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up to 4 cm and crypt penetration of up to 4 mm, may
be major factors contributing to incomplete excision
(80.8% in cases with endocervical involvement) [3,
4]. For this reason, cytology has limited potential
in diagnosing precancerous lesions and cervical
adenocarcinoma: atypia in the collected material may
be minimal or absent, since the process is often located
deep within the crypts, while squamous epithelium
remains practically unchanged.

There is ongoing debate regarding the optimal
timing and methods of screening in women of
reproductive age [5], as well as concerning the
opportunity of HPV clearance in this population. T.
Feng et al. (2023) reported a decrease in frequency
and an increase in viral clearance time with age [6].
In contrast, S.N. Adebamowo et al. (2022) argued
that both the rate and timing of viral clearance are
comparable across all age groups [7]. Meanwhile,
K. Louvanto et al. (2010) demonstrated reduction in
clearance time with advancing age [8].

The U.S. Preventive Services Task Force
guidelines do not recommend HPV screening
in women under 30 years due to the high risk of
unnecessary medical interventions [9]. However,
it is known that HPV testing detects precancerous
lesions significantly more often than cytology, and,
according to O. Feldstein et al. (2023), it should be
considered as the primary diagnostic method [10].
Since most low-grade squamous intraepithelial
lesions (L-SIL) regress spontaneously, both the World
Health Organization and the clinical guidelines of the
Russian Society of Obstetricians and Gynecologists
(“Cervical Intraepithelial Neoplasia, Erosion, and
Ectropion of the Cervix,” 2024) do not recommend
active treatment in such cases [11]. Nevertheless,
Y.J. Tai et al. (2017) reported that cryotherapy and
excisional procedures significantly reduce the risk of
lesion progression in women with L-SIL, suggesting
an active management approach [12]. At the same
time, other studies indicate no necessity for active
screening and management of L-SIL among young
women [13, 14].

Therefore, there are no clear criteria for predicting
the course of squamous intraepithelial lesions and
choosing the most appropriate management approach,
including the optimal extent of surgical treatment.

The aim of the study was to improve the efficiency
of diagnosis of cervical pathologies using cytological
screening and polymerase chain reaction (PCR) for
HPV, taking into account the detection of HPV in
upper parts of the endocervix.

MATERIALS AND METHODS

The study involved 60 patients with cervical
pathology, mean age 34.4 + 8.6 years. The study
was approved by the Ethics Committee at Siberian
State Medical University (Minutes No. 9344 dated
January 30, 2023) and conducted in accordance with
the Declaration of Helsinki and the Rules for Clinical
Practice in the Russian Federation approved by the
Order of the Russian Ministry of Health (No. 266,
dated June 19, 2003). All patients gave their informed
consent to participate in the study.

A standard cytological examination with
verification using the Bethesda system was performed.
The material for the cytological examination was
obtained in accordance with the clinical guidelines of
the Russian Society of Obstetricians and Gynecologists
“Cervical intraepithelial neoplasia, erosion, and
ectropion of the cervix,” 2024.

All patients were divided into groups based on
the cytology results. Group 1 (n = 22) — negative for
intraepithelial lesion or malignancy (NILM), mean age
37 £ 5.4 years. Group 2 (n = 18) — low-grade squamous
intraepithelial lesion (L-SIL), mean age 33.7 + 6.8 years.
Group 3 (n = 12) — high-grade squamous intraepithelial
lesion (H-SIL), mean age 41.4 + 9.2 years. Group
4 (n = 8) — atypical squamous cells of undetermined
significance (ASC-US), mean age 43 + 7.5 years.

A mandatory part of the examination was a PCR
test (Hybrid Capture Digene test) for high-oncogenic-
risk HPV with quantitative determination of viral
DNA (a panel of 14 oncoserotypes: 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, 68). The viral load
was considered to be low at < 3.0 LgDNA / 10°

cells, moderate — at 3.0-5.0 LgDNA / 10° cells, high
at > 5.0 LgDNA / 10° cells. The material for PCR
test was obtained in accordance with the clinical
guidelines of the Russian Society of Obstetricians
and Gynecologists “Cervical intraepithelial neoplasia,
erosion, and ectropion of the cervix,” 2024.

To detect HPV persistence in the upper parts of the
endocervix, fragments of the cervix obtained during
the following procedures were also used for HPV
testing:

Excisional biopsy in women with cervical ectopia
and NILM cytology, with or without HPV infection.

Targeted mono-/multifocal biopsy in the initial
detection of H-SIL.

Excisional biopsy in L-SIL, benign hyperplastic
lesions, recurrent ASC-US, and infection with high-
risk HPV with a high viral load.
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Diathermoelectroexcision as the procedure of
choice for H-SIL, as well as recurrences due to HPV
infection with a high viral load.

Detection of HPV persistence in the upper parts of
the cervical canal (RF Patent No. 2833119, December
14,2023). A tissue specimen, necessarily including the
upper parts of the endocervix, was placed in a sterile
test tube with saline (0.9% NaCl). Over the first 2—4
hours, the specimen was homogenized in saline using
a rotary homogenizer, followed by centrifugation for
15 minutes at 3,000 rpm. Supernatant was used for
subsequent PCR analysis, which made it possible to
perform PCR test of the distal parts of the cervix,
inaccessible for analysis during traditional PCR
material sampling.

Statistical analysis was performed using the
Statistica 10.0 software based on contingency table
analysis. Qualitative variables were presented as
the absolute values and percentages (n, %). The
McNemar test was used to compare paired binary data
(standard PCR and PCR homogenate results from the
same patients in the same groups). The Fisher’s exact
test was used to assess the statistical significance of
differences in the frequency of detected HPV strains,
as well as PCR diagnostic results between independent
groups. The significance level p for all analytical
procedures was 0.05.

RESULTS

Standard PCR testing detected HPV in 30 (50%)
out of 60 patients. HPV was detected more frequently
in patients of the L-SIL group (p» < 0.001). PCR of
the homogenate revealed HPV with greater frequency
(p = 0.0098), and persistence of HPV in the upper
parts of the endocervix was detected in 45 (75%)
out of 60 patients. HPV was detected more often in
patients with L-SIL and H-SIL (p = 0.0157). HPV
was detected prevalently by homogenate PCR than
by standard PCR in patients of the NILM group
(p = 0.046). The frequency of HPV detection in PCR
studies is presented in Table 1.

Discrepancies in the profile of HPV strains
detected by standard PCR testing and PCR testing of

the homogenate were observed in 38 (63%) out of 60
patients.
Table 1

HPYV Detection by Standard PCR Testing and PCR Testing
of the Homogenate in Patients with Different Cytology Results,

n (%)
Method Groups
1(n=22)| Nm=18) | (n=12) IV (n=23)
Standard PCR | 5(23%) | 18 (100%)* 7 (58%) 0 (0%)
PCR of the o o0/ s o\ o
homogenate 13 (59%)# | 16 (89%) 12 (100%)* | 4 (50%)

* statistically significant differences within the method, # statistically
significant differences within a group (here and in Table 2)

Discrepancies in the detected HPV strains were
observed in 14 (64%) out of 22 patients in the NILM
group, 11 (61%) out of 18 patients in the L-SIL
group, 7 (58%) out of 12 patients in the H-SIL group,
and 6 (75%) out of 8 patients in the ASC-US group
(p > 0.05). Persistence of HPV in the upper cervical
canal with a negative standard PCR result was detected
in 18 (30%) out of 60 patients (p = 0.0074): in 9 (42%)
out of 22 patients in the NILM group, in no patients
in the L-SIL group (since all patients in this group
had a positive standard PCR result), in 3 (25%) out of
12 patients in the H-SIL group, and in 6 (75%) out of
8 patients in the ASC-US group.

Persistence of HPV with high viral load in the
homogenate was detected in 3 out of 22 patients (14%)
inthe NILM group, in 7 out of 18 patients (39%) in the
L-SIL group, in 7 out of 12 patients (58%) in the H-SIL
group, and in 2 out of 8 patients (25%) in the ASC-
US group. The frequency of HPV persistence with
high viral load in the homogenate was significantly
higher in the H-SIL group than in the other groups
(»p = 0.0374). No differences in the frequency of
multiple HPV detection in the homogenate were
found between the groups (NILM 23%, 5/22; L-SIL
39%, 7/18; H-SIL 25%, 3/12; ASC-US 0%, p > 0.05).
Serotype 16 was significantly prevalent in the L-SIL
group (Table 2) according to both standard PCR and
homogenate PCR results (p < 0.001). Serotypes 35,
45, 51, and 68 were detected in single cases.

Table 2
Frequency of Detecting High-Risk HPV Strains by Standard PCR Testing and PCR Testing
of the Homogenate in Patients with Different Cytology Results, n (%6)
Groups
HPV strains I (n=22) Il (n=18) Il (n=12) IV (n=28)
Stand. Hom. Stand. Hom. Stand. Hom. Stand. Hom.
16 3 (14%) 8 (36%) 13 (72%)*# 16 (89%)*# 3 (25%) 8 (67%) 0 4 (50%)
18 0 0 0 0 2 (17%) 3 (25%) 0 0
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Endof table 2

Groups
HPV strains I (n=22) Il (n=18) I (n=12) IV (n=238)
Stand. Hom. Stand. Hom. Stand. Hom. Stand. Hom.
31 0 5 (23%) 4 (22%) 4 (22%) 0 0 0 0
33 2 (9%) 2 (9%) 4 (22%) 5 (28%) 2 (17%) 3 (25%) 0 0

Note. Stand. — frequency of detecting HPV strains by standard PCR testing; Hom. — frequency of detecting HPV strains by PCR testing of the

homogenate

DISCUSSION

The results demonstrate the potential for improving
the effectiveness of extended diagnosis of cervical
pathology by assessing the involvement of the upper
parts of the cervical canal in the pathological process.
The high frequency of HPV persistence in the upper
parts of the cervical canal in all groups, particularly
in patients with negative standard PCR results,
demonstrates limitations of traditional screening
methods. Thus, 59% of patients with NILM cytology
and 50% patients with ASC-US were found to have
HPV persistence in the upper parts of the endocervix,
which is consistent with the data from T. Malagén
et al. (2020), indicating a high risk of developing
precancerous lesions even with normal cytology [15].

We found that HPV 16, 31, and 33 are the most
frequently diagnosed strains in homogenate samples,
regardless of cytology results. According to W.D.
Kang et al. (2024), the detection of these HPV strains
may require closer monitoring in women with L-SIL
due to a higher risk of dysplastic progression [16].
The choice of the management strategy for patients
with L-SIL remains controversial. On the one hand,
according to C. Buick et al. (2020), the high probability
of spontaneous HPV elimination in young women
justifies a wait-and-see approach [13], on the other
hand, the detection of high-risk strains, particularly
HPV 16, 31, and 33, may justify the use of excisional
treatment, which is confirmed by the studies of Y.J.
Tai et al. (2017) and C. Firnhaber et al. (2017)[12, 17].

Multiple HPV infection was detected in
approximately one in three patients in the NILM,
L-SIL, and H-SIL groups following homogenate
testing. According to D. Zhou et al. (2024), single-
type infection (particularly with HPV16) predominates
in H-SIL lesions, whereas multiple HPV infection is
more characteristic of L-SIL [18]. A retrospective
study by X. Tao et al. (2022) including women with
L-SIL found that the proportion of histologically
confirmed H-SIL was significantly greater in the
presence of multiple HPV infection [19]. In contrast,

data from X. Ni et al. (2023) suggested that multiple-
type infection was associated with a lower risk of H-SIL
and, simultaneously, a higher rate of spontaneous viral
clearance [20]. These findings support the concept
of complex interactions between different HPV
types, which requires further investigation. It seems
perspective to investigate the role of impaired immune
barriers and their impact on antigen-presenting cells
and macrophage subpopulations in the cervical canal,
as they may play a key role in the pathogenesis of
endocervical HPV persistence.

The results indicate high frequency of pathological
endocervical involvement which is particularly
important in planning organ-preserving treatment and
determining the extent of excision, as margin status
combined with HPV persistence after surgery are key
risk factors for recurrence [21]. Based on the obtained
data, the conventional approach of determining
the excision volume based solely on the type of the
transformation zone cannot be considered optimal due
to the high rate of latent endocervical HPV persistence.

CONCLUSION

The results of the study demonstrate high frequency
of HPV persistence in the upper parts of the endocervix
among patients with cervical pathology and underscore
the necessity of a personalized treatment approach.
This approach should account for the patient’s age,
reproductive plans, and HPV infection type when
planning organ-preserving treatment, especially
in high-risk groups (with H-SIL, recurrent L-SIL,
or a high HPV viral load). Further data collection
is warranted to establish statistically significant
patterns and to develop personalized algorithms for
the diagnosis and management of cervical pathology.
These algorithms should integrate cytology findings
and HPV status with immunohistochemical detection
of cellular proliferation markers (p16/INK4a) and
potentially include the assessment of local cervical
immunological barrier impairments, including
evaluating dendritic cell activity and macrophage
subpopulations.
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