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Abstract: Cervical cancer ranks third among all new cancer cases and causes of cancer deaths in fe-
males. The paper provides an overview of cervical cancer prevention strategies employed in different
regions, with incidence and mortality rates ranging from high to low. It assesses the effectiveness of
approaches proposed by national healthcare systems by analysing data published in the National
Library of Medicine (Pubmed) since 2018 featuring the following keywords: “cervical cancer preven-
tion”, “cervical cancer screening”, “barriers to cervical cancer prevention”, “premalignant cervical
lesions” and “current strategies”. WHO’s 90-70-90 global strategy for cervical cancer prevention and
early screening has proven effective in different countries in both mathematical models and clinical
practice. The data analysis carried out within this study identified promising approaches to cervical
cancer screening and prevention, which can further enhance the effectiveness of the existing WHO
strategy and national healthcare systems. One such approach is the application of AI technologies for
detecting precancerous cervical lesions and choosing treatment strategies. As such studies show, the
use of AI can not only increase detection accuracy but also ease the burden on primary care.

Keywords: cervical cancer; prevention strategies; diagnostics; precision medicine; artificial intelli-
gence; microbiome

1. Introduction

It was in 1996 that the World Health Association, the European Research Organiza-
tion on Genital Infection and Neoplasia and the National Institutes of Health Consensus
Conference on Cervical Cancer recognised the role of human papillomavirus (HPV) in
cervical cancer development [1]. According to the degree of association with invasive
tumours, HPV genotypes have been subdivided into those posing high oncogenic risk, low
oncogenic risk and undetermined risk. High oncogenic risk (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68) is related to an increased risk of developing cervical cancer [2]. Low
oncogenic risk (6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, 89) is associated, in most cases, with no
disease or benign epithelial lesions, such as anogenital and oropharyngeal warts [3]. Finally,
undetermined risk HPVs (3, 7, 10, 27, 28, 29, 30, 32, 34, 55, 57, 62, 67, 69, 71, 74, 77, 83, 84, 85,
86, 87, 90, 91) include individuals whose oncogenicity has not yet been fully defined [4,5].
There are World Health Organization (WHO) strategies for cervical cancer prevention and
screening, yet the annual cervical cancer incidence and mortality rates still force the global
community to explore ways to improve current approaches for its prevention and early
detection [1].

In 2018, according to WHO, the number of new cervical cancer cases was 569,847 (third
most common among oncological diseases), and the number of deaths from the disease
was 311,365 (accounting for one-third of all cancer deaths in females), exceeding colorectal
cancer deaths in females and males combined (310,394). In 2020, at the peak of the COVID-
19 pandemic, these numbers were 604,127 (third) and 341,831 (third), respectively [6,7].
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However, the incidence varies widely, ranging from 4.1 per 100,000 women in West Asia to
40.1 per 100,000 women in East Africa, with mortality rates varying from 1.6 per 100,000
women in Australia and New Zealand to 28.6 per 100,000 women in East Africa [7–9].

Several problems hinder a considerable and steady reduction in new cases and overall
mortality from cervical cancer. These are limited opportunities for primary prevention in
low- and middle-income countries (in June 2020, only 107 [55%] WHO member countries
were vaccinated against HPV, while the global estimated immunisation rate was about 15%
of the adequate level), and there is difficulty in providing early screening for precancerous
cervical lesions [9–11]. Nowadays, the most common ways to ensure the timely and effec-
tive treatment of precancerous cervix lesions include studying targeted treatment strategies,
identifying early molecular markers and determining the effect of vaginal microbiota on
virus clearance [12–14]. One of the least studied areas for improving screening programs is
the application of artificial intelligence to ensure high-quality screening in regions lacking
qualified specialists [15].

This study explores major problems of cervical cancer prevention strategies in several
regions with varying incidence and mortality rates.

2. Materials and Methods

An analysis of data published in the National Library of Medicine (Pubmed database)
over the past five years has made it possible to assess the effectiveness of various approaches
proposed by the national healthcare systems of the study regions. The search was conducted
using the following keywords: “cervical cancer prevention”, “cervical cancer screening”,
“barriers to cervical cancer prevention”, “premalignant cervical lesions” and “current
strategies”. At the final stage, we searched and analysed publications focusing on new
approaches to cervical cancer screening and prevention, which can further increase the
effectiveness of the existing WHO strategy and national healthcare systems.

3. Current Cervical Cancer Prevention Strategies

In order to reduce the global cervical cancer incidence rate and decrease the social
significance of this problem, in 2020, WHO adopted a global strategy to accelerate the
elimination of cervical cancer. The strategy takes into account the existing differences in
the capabilities of national healthcare systems [16]. The strategy sets the following target
indicators (the 90-70-90 targets): 90% of girls vaccinated against HPV by the age of 15; 70%
of women having undergone primary screening by the age of 35 and, for the second time,
45; 90% of women with precancerous cervical lesions and 90% of women with invasive
cancer timely treated. The World Health Organization and other guidelines recommend HPV
testing, including the Pap test, which is now considered a secondary procedure [1]. In the event
of a positive or abnormal result, the HPV-DNA test procedure will involve colposcopy and a
related biopsy [1,5]. Conversely, if HPV tests and cytological examination results are discordant,
repeating the HPV-DNA test one year later and at 12–24 months (in the case of negative results
or colposcopy in women who have tested positive) is recommended. Finally, in cases of CIN2
histological diagnoses, patients should be offered a surgical solution followed by a targeted
follow-up over time [1].

According to the numerical model provided by the strategy developers, the imple-
mentation of the strategy can decrease the median incidence rate by 42% by 2045 and 97%
by 2120 [16].

As the full worldwide implementation of this global strategy is difficult to achieve,
it is reasonable to consider current national strategies for cervical cancer prevention and
early detection.

3.1. Countries with Low Incidence and Mortality Rates

Australia is a representative example of an effective national cervical cancer prevention
strategy with cervical cancer incidence and mortality rates at 5.6 and 1.6 cases per 100,000,
respectively, as estimated in GLOBOCAN [7]. The key feature of its HPV immunisation
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programme is vaccinating both girls and boys with tetravalent and nonavalent vaccines [17,18].
Australian highly standardised cervical pre-cancer screening programme (Figure 1) differs
from the strategy developed by WHO [1,19].

Despite the national strategy’s proven effectiveness, the country actively seeks ways
to improve it within the ‘Pathways-Cervix’ project [19]. Some of the proposed revisions are
listed below.
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Figure 1. The Australian model of early screening of precancerous cervical lesions (Reprinted from
Ref. [15] (do not require permission)). LBC stands for liquid-based cytology; ASC-UC, atypical
squamous cells of undetermined significance; ASC-H, atypical squamous cells cannot exclude high-
grade squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesion; HSIL,
high-grade squamous intraepithelial lesion.

3.2. Countries with High Incidence and Mortality Rates

Eastern and Southern Africa both have the highest cervical cancer incidence and
mortality rates. Thus, the effect of implementing the WHO strategy should be most
profound in its countries [1,7,16]. We provide an analysis of the available data on the
region’s current cervical cancer prevention strategies below.

According to GLOBOCAN 2020, the incidence and mortality rates in the Southern
African Region were 36.4 and 20.6 per 100,000 women, respectively [7]. At the same
time, Cari van Schalkwyk et al. from South Africa stated that the activities carried out in
the country within the framework of the WHO global strategy prevented approximately
8600 cases of cervical cancer over the past 20 years [20]. They emphasise that WHO’s
strategies focus on reducing incidence and mortality rates in the long term (targets set for
2045 and 2120). At the same time, given the current incidence rate, there is a need to search
for ways to enhance existing prevention strategies affecting epidemiological indicators in
the coming years and decades [20,21]. According to van Schalkwyk et al., the following
issues are the major barriers to achieving acceptable incidence and mortality rates in the
near future:

• The use of bivalent vaccines against HPV rather than polyvalent ones [20,21];
• Lower vaccine effectiveness in HIV-infected females [20,22,23];
• Persistent HPV infection in at least 15% of patients treated for precancerous cervical

lesions [20,24];
• The use of LBC rather than HPV-DNA testing as a primary screening method [20,25].

According to estimates, amendments to the national cervical cancer prevention strategy
in South Africa made in response to the above issues can contribute to the achievement of
WHO-recommended levels in 10–12 years [20].

As discussed, the countries of East Africa show the highest cervical cancer incidence
and mortality rates [7]. Healthcare systems and prevention strategies differ across countries
in this region. However, individual publications provide a general understanding of how
the WHO global strategy is implemented there [26–28]. For example, Corrado et al. from
Uganda report that visual inspection with acetic acid (VIA) has an extremely low positive
predictive value (PPV) of about 16%. as a method of primary screening for precancerous
cervical lesions. At the same time, they note that its effectiveness does not depend much
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on the experience of the specialist or the location of the test (at a specialised centre or “at
home”) [26]. Mchome et al. from Tanzania provided statistical data from the CONCEPT
study, without referring explicitly to a national cervical cancer prevention strategy or
describing HPV vaccination coverage [27]. In the country, 18.9% of women have HPV [27].
Describing an attempt at screening for precancerous cervical lesions in northwestern
Ethiopia, Destaw et al. cited disappointing statistics: out of 493 women selected for the
study, only 76 (16.4%) were screened (VIA) [28]. The authors do not provide data on
the existence of a national strategy for cervical cancer prevention, indicating insufficient
awareness of the disease and a low literacy rate as the main factors impeding adequate
screening [28].

3.3. Countries with Intermediate Incidence and Mortality Rates

Jingfen Zhu et al. from China pointed out that despite China’s rather low cervical
cancer incidence and mortality rates (10.2 and 5.3 per 100,000, respectively) compared to the
above regions, the prevention and early detection of precancerous lesions in this country are
acute problems [7,29]. China accounts for 11.9% of the global cervical cancer mortality rate,
with the number of new cases per day reaching 12.3% of the global number in 2017 [30,31].
Jingfen Zhu names the high cost of vaccines as the main obstacle to mass HPV vaccination
in the country [24]. In 2009, to achieve the cervical pre-cancer screening targets, China
initiated the National Cervical Cancer Screening Program in Rural Areas (NACCSPRA). It
involves DNA-HPV testing in some provinces, as well as extensive cytology and colposcopy
coverage [29]. By 2019, the measures allowed engaging approximately 120 million women
in the screening (21.4% of the required number). However, recent mathematical models
reflect a continuing trend towards a growth in the incidence rate in the coming years. This
could be due to an increase in the early detection of cervical cancer and quite a low uptake
of preventive measures in females [30,32]. According to Jingfen Zhu et al., the main reason
for the low effectiveness of screening in China is insufficient funding for the NACCSPRA
programme, hindering the development of information systems, ways of promoting public
awareness and the expansion of public engagement [30].

Indirect data show that, in 2020, the cervical cancer incidence and mortality rate in
Russia were 14.1 and 6.1 cases per 100,000, respectively (the International Agency for
Research on Cancer, November 2022) [33,34]. According to Tatarinova et al., the cervical
cancer detection rate during active screening does not exceed 40%. It is impossible to
keep track of participation in primary prevention programmes despite the presence of a
national strategy for early screening of precancerous cervical diseases [34,35]. The main
problems impeding the widespread implementation of the WHO strategy in Russia are as
follows [36]:

• No HPV vaccination in the national immunisation schedule;
• No domestic HPV vaccine is allowed for use;
• No binding national standards on the early screening of precancerous cervical lesions.

3.4. Problems Common to Current National Strategies

It is generally accepted that state revenues determine a country’s ability to follow
WHO’s global strategy to accelerate the elimination of cervical cancer [1,7,16], yet some
problems are common to all countries.

According to recent reports by the WHO and the United Nations Children’s Fund
(UNICEF), in 2019, less than a third of girls lived in countries with mandatory HPV vacci-
nations on national schedules. Moreover, even among them, many were not immunised
regardless of the state’s revenue level [37,38]. Jacqueline Spayne et al. estimated that, in
2018, 15-year-old girls vaccinated against HPV accounted for only 12.5% of the global
cohort (61 million); up to 7000 of them, almost all from low-income countries (LICs), run a
high risk of dying from cervical cancer [38].

One of the major problems in primary prevention, inherent in not only low-income
but also middle- (MICs) and high-income (HICs) countries, is the low awareness among
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both women and men of the disease and its prevention [39–41]. For instance, a survey
of young sexually active men in the United States conducted by Jennifer A. Sledge et al.
shows that only 64% of them had heard of the infection caused by HPV, while 86% did not
know of the vaccines against HPV for women [42]. A survey among Korean adult men,
conducted by Hae Won Kim et al., indicated that the majority of respondents, half of them
married, were not familiar with the ways to effectively prevent the disease or understand
its social significance [40]. Raising the population’s awareness of cervical cancer prevention
and early detection requires not only scaling the use of modern digital technologies but
also the active engagement of men [41–44].

Another equally important issue is switching from the screen-and-treat principle to
the screen, triage and treat principle when managing patients with cervical abnormalities,
including pre-cancer abnormalities [1,45,46]. Van Nghiem et al. from the USA argued
that the “screen-and-treat” (see-and-treat) strategy makes it possible to reduce the number of
women who drop out when colposcopy is required on the one hand; on the other hand, it entails
excessive treatment and may be economically unviable in some cases [46]. Despite the fact that
it significantly increases the burden on primary care and the number of invasive procedures, this
approach to the treatment of precancerous cervical lesions has become common in LICs as they
lack funds for high-quality triage [47,48]. Considering different situations across regions, the
wider adoption of the “screen, triage and treat” strategy requires its modification with a view
toward optimizing follow-up schedules and establishing clear indications for the mandatory
invasive treatment of cervical diseases [1,19,48,49].

4. Prospects for Improving Primary Prevention

Table 1 shows the main challenges faced by countries that try to achieve the goals of
the WHO strategy for cervical cancer prevention.

Table 1. Problems facing countries with different revenue levels in implementing the Global Strategy
to Accelerate the Elimination of Cervical Cancer as a Public Health Problem.

State Group of Countries by
Revenue Level Authors Main Problems

Australia HICs Lew et al. [17]
Velentzis et al. [19]

• Difficulties in involving indigenous
people in screening programmes.

• Difficulty in spreading screening
programmes to socially disadvantaged
groups.

USA HICs

Baezconde-Garbanati et al.
[50]

Castle et al. [51]
Ravikumar et al. [52]
McGinnis et al. [53]

• Insufficient screening uptake among
immigrants in the southern states.

• Low awareness of cervical cancer
screening and prevention among
women.

• Frequency of screening often exceeds
three years.

• Heavy burden on primary care and
difficulties in interpreting borderline
screening results.

Republic of Korea HICs

Kim et al. [40]
Shin et al. [54]

Min-A Kim et al. [55]
Jaehyun Seong et al. [56]

• HPV vaccination coverage below 5%.
• Early sexual activity.
• Low awareness of the role of HPV in the

development of cervical and other
cancers.

• Use of only Pap testing in screening
precancerous cervical lesions.
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Table 1. Cont.

State Group of Countries by
Revenue Level Authors Main Problems

China MICs

Zhu et al. [29]
Xia et al. [30]

Wang et al. [57]
Yuan-Yuan Zhang et al. [58]

• Low screening uptake in rural areas.
• Insufficient public awareness of cervical

cancer.
• Insufficient funding for government

screening programmes.
• No HPV vaccine developed and

manufactured in China.
• Insufficient spread of the “screen, triage

and treat” approach.

South African Republic MICs Van Schalkwyk et al. [20]
Jennifer Ducray et al. [59]

• Unavailability of quadrivalent and
nonavalent vaccines in the region.

• Lower vaccine effectiveness in
HIV-infected females.

• Insufficient PCR testing.
• Low public awareness of cervical cancer

prevention and screening.
• Lack of engagement of the poorest strata

in prevention activities.

India MICs
Neerja Bhatla et al. [60]

Joshi et al. [61]
Neha Taneja et al. [62]

• Uneven vaccination coverage of the
country’s states.

• Low awareness among women of the
disease’s causes, development and
prevention.

• High rate of treatment refusal after a
positive primary screening test.

• Low adherence to treatment and
follow-up in women using mobile
screening centres.

Uganda LICs
Corrado et al. [26]
Isabirye et al. [63]

Carolyn Nakisige et al. [64]

• A high rate of false positive VIA test
results.

• Limited availability of HPV vaccines.
• Low awareness of the development and

prevention of the disease among women.
• No standardised state screening and

prevention programme.

Malawi LICs
Cubie et al. [65]

Kakani et al. [66]
Gerstl et al. [67]

• Impossibility of public funding for
programmes within WHO’s strategy.

• No state HPV vaccination programme.
• Low motivation of women to participate

in the active screening programme.
• VIA testing as the only screening

method.
• Unavailability of primary HPV-DNA

testing.

Liberia LICs Afzal et al. [68]
Beddoe et al. [69]

• Healthcare infrastructure destroyed in
the long civil war.

• Religious restrictions on active screening
of females.

• Low level of public awareness of cervical
cancer and its prevention.

• Self-collection as the predominant
sampling method.
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The data analysis indicates that the common causes of failure to implement the princi-
ples of the strategy are the need for large-scale public investments for preventive healthcare,
the heavy burden on primary care and the lack of HPV vaccines in MICs and LICs. One
of the most affordable ways to implement the primary prevention of cervical cancer is
increasing public awareness of its contribution to female cancer deaths and the potential
reversibility of precancerous changes in the cervix, yet there is room for development in all
countries regardless of their revenues.

Although the targets of the WHO strategy are still far from being achieved, some
countries continue to search for other ways to improve primary cervical cancer prevention.
The literature review shows that most authors found the following measures promising
beyond achieving the “90-70-90” targets:

• Studying the effectiveness of HPV vaccination in women over 35 years of age [70–72];
• Increasing vaccination uptake in men [19,73,74];
• Developing new HPV vaccines to expand preventive vaccination in MICs and LICs [75,76]

5. Prospects for Improving Secondary Prevention (Screening)

Although primary cervical cancer prevention can have a significant impact on the
incidence rate in the long term, it does not reduce the incidence rate in women who are at
risk right now. Even representatives of countries with the lowest cervical cancer incidence
and mortality rates recognise the need to improve the “screen, triage and treat” strategy [19].
Table 2 shows the promising areas of secondary prevention according to Velentzis et al.
from Australia.

Table 2. Promising ways to enhance secondary cervical cancer prevention according to Australia’s
Scientific Advisory Committee (SAC) (Adapted from Ref. [15] (do not require permission)).

Evaluation Approach

Optimal screening regime for unvaccinated women (based on birth
cohort) and vaccinated women based on their vaccination history and
type of vaccine received.

Tailored screening based on vaccination status (HPV4
or HPV9).

Longer interval screening schedules following two consecutive negative
HPV test results within routine screening.

Tailored screening based on vaccination and screening
history.

Impact of partial genotyping for oncogenic HPV types other than 16/18
with direct colposcopy referral for select types compared to cytology
triage.

Methods for triage.

Impact of triaging oncogenic HPV-positive (non 16/18 types) women
with dual-staining (p16 ki67) cytology compared to LBC. Methods for triage.

Impact of methylation markers in HPV-positive self-collected samples
testing compared to clinician-collected cytology test. Methods for triage.

Impact of vaccinating women treated for CIN2/3 with HPV4/HPV9 if
the vaccine reduces recurrence by 50% (for pre-existing HPV types) or
80% (naïve for HPV types).

The vaccine to prevent CIN2/3 recurrence.

Several more actively studied ways to improve the “screen, triage, and treat” approach
will be considered below.

5.1. Acceptability of Self-Sampling for Pre-Cancer Screening: Screen and Triage

Although the first reports on developing methods for self-collection for cervical screen-
ing date back to 1982, there were no further reports over the next 18 years on its effectiveness
or implementation in healthcare [77,78]. For instance, in 1982, Noguchi wrote that the
Kato technique for the cervical smear collection with a subsequent cytological study had
similar results to the classical method of obtaining materials. However, no convincing
statistical evidence was provided [77]. The next reports on the possibilities of vaginal smear
self-collection, now for HPV testing, came at the beginning of the 21st century [78,79]. For



Diagnostics 2023, 13, 610 8 of 15

example, in 2000, Sellors studied the collection of vulvar, vaginal and urethral samples for
HPV detection by using a hybrid capture II assay (Digene Corp., Silver Spring, Md.) [78].
The results show that the sensitivity for self-collected samples ranged from 44.8% to 86.2%,
and the specificity ranged from 53.5% to 69.7%. For the samples collected by physicians, the
sensitivity was 98.3%, and the specificity was 52.1% [78]. In 2001, Gravitt et al. reported a
high consistency of PCR results for HPV detection in cervical cancer patients when compar-
ing self-collected and clinician-administered samples [79], yet at the end of the first decade
of the twenty-first century, self-sampling was not a common method. Less than ten years
ago, the global community again directed attention to the possibility of expanding cervical
cancer screening via the self-collection of samples. Lazcano-Ponce et al. presented data on
successful HPV screening in more than 100 thousand women using self-collected samples.
However, the authors did not compare the effectiveness of this technique and the classical
method [80]. Duke et al. from Canada calculated that self-sampling caused a fivefold
increase in the intensity of screening compared to the classical approaches. However, the
authors did not provide data on either the method’s sensitivity or specificity [81]. Com-
paring two vaginal self-collection methods and clinician-assisted sampling, Haguenoer
et al. demonstrated a high efficiency of self-sampling and a high correspondence of its
results to those obtained from the classical sampling (from 90 to 97%) [82]. The beginning
of the COVID-19 pandemic coincided with an increase in the number of publications on
self-sampling effectiveness. In addition, WHO officially recommended self-sampling as
part of the cervical cancer prevention strategy [1,16]. Over the past three years, at least
80 papers have been published on this topic. There are ongoing investigations comparing
the results of HPV testing of samples obtained via self-collection with the results of VIA,
as well as population-based studies on the possibilities of implementing this technique in
LICs and MICs or using it among the socially disadvantaged groups in HICs [83–85].

Currently, the most active research area is the detection of not only HPV DNA copies
but also markers of malignancy in self-collected samples. For instance, back in 2014, Verhoef
et al. concluded that it was possible to use DNA methylation-based triage on self-sampled
specimens [86]. The study, having high statistical power, showed the similar effectiveness of
molecular and cytology triage before referral for colposcopy [86]. Hesselink presented similar
data showing the MAL-m1/miR-124-2 sensitivity for the detection of CIN3+ of up to 87.8% [87].
In 2022, authors from China presented data on the triage performance and predictive value of
human gene methylation panels (ZNF671/ASTN1/ITGA4/RXFP3/SOX17/DLX1), including
a combination of HPV16/18 genotyping, studied on self-collected samples [88]. To date,
WHO does not regulate the use of such technologies for the early screening and prevention
of cervical cancer, but further research in this direction looks promising.

5.2. Digital Technologies for Detection of Precancerous Cervical Lesions: Screen and Triage

Today, the use of digital technologies in cervical cancer screening can ease the burden
on primary care. In 2018, Ravikumar et al. reported on enhancing Clinical Decision Support
Systems (CDSS) intended to assist primary care clinicians in making decisions based on
electronic medical records [52]. The introduction of this system to determine the tactics
of patient treatment after cervical cancer screening made it possible to improve the care
recommendation accuracy up to 94% [52].

Using artificial intelligence to interpret primary screening results is of particular
interest for screening programme enhancement. In 2020, Elima Hussain et al. reported
the completion of a training dataset for the automated assessment of Pap test results but
did not submit a finished product [89]. In 2021, Li X et al. from China presented a neural
network capable of replacing medical laboratory scientists in interpreting liquid-based
cytology results in the future, potentially solving the problem of personnel shortages in
MICs and LICs [90]. In the same year, Anabik Pal et al. from the USA presented a similar
development with a diagnostic accuracy of 84.55% [91]. Pirovano et al. presented the
results of machine learning on liquid-based cytology samples. The accuracy of abnormal
smears detection was 95.2%, with only 66.8% accuracy on severity classification (LSIL and



Diagnostics 2023, 13, 610 9 of 15

HSIL) [92]. As part of a study on the effectiveness of their automatic model, Xiangyu Tan
et al. conducted a retrospective analysis of the accuracy of the system using the training
dataset of 13,775 ThinPrep cytological test (TCT) images. Its sensitivity for ASCUS, LSIL
and HSIL was 89.3%, 71.5%, and 73.9%, respectively, while the specificity of the proposed
system in determining smear abnormalities was only 34.8% [15].

Another application of artificial intelligence in cervical pre-cancer detection is digital
colposcopy using artificial intelligence to facilitate the work of a primary care physician.
Liming Hu et al. in 2019 showed that their “deep learning”-based algorithm ensured a
fairly accurate detection of CIN2+ by analysing cervical images. However, the authors
were cautious in interpreting the study’s results [93]. Studying the possibility of using
a machine learning algorithm for smartphone-based visual inspection after acetic acid
(VIA), Bae et al. approached the possible introduction of digital technologies in limited-
resource settings. However, the small size of the studied group does not allow us to draw
conclusions on the potential of the proposed tool [94]. Xue et al. also suggested using
artificial intelligence to improve the accuracy of cervical biopsy during colposcopy [95]. AI-
guided colposcopy can be implemented in regions lacking highly qualified specialists [95].
Another approach increasingly employed to improve the quality of diagnostics using digital
technologies is a cross-modal integration of data obtained during colposcopy, cytology and
HPV testing [96,97].

5.3. Studying Vaginal Microbiome as an Integral Part of HPV Pathogenesis: Screen and Triage

The term “microbiome” was coined by Lederberg and McCray in 2001 to define a
set of all microorganisms sharing one living space and interacting with the surrounding
host tissues (human organism) [98]. For a long period of time, the only pathological
conditions associated with a change in the composition of the normal vaginal microbiota
(except for sexually transmitted infections) were bacterial vaginosis (Gardnerella vaginalis)
and vaginal candidiasis [99,100]. Later, studies have shown that the state of the vaginal
microbiome is a dynamic indicator influenced by many factors, such as sexual activity,
hormonal disorders, hygienic habits, lactation, stress, diabetes, diet, region of residence
and ethnicity [101–103]. In 2011, Ravel et al. performed the pyrosequencing of barcoded
16S rRNA genes of the vaginal samples of 396 women to cluster the “normal” female
microbiome into 5 groups [104]. They presented their findings in the form of a heat map of
log10-transformed proportions of microbial taxa found in vaginal bacterial communities
(Figure 1 in the original article) [104]. The first group included the types of microbiomes
in which L. crispatus prevailed; the second type included L. gasseri; the third included
L. inners. The fourth type of microbiomes was characterised by the predominance of L.
jensenii. All other microbiomes were assigned by the authors to the fifth type [104]. This
approach made it possible to change the perception of the “normal” vaginal microflora.
The fundamental mechanisms of bacterial microbiome’s effect on the processes in the cervix
epithelium in the case of an HPV infection have not been studied sufficiently. According to
the latest data, L. iners is not capable of producing D-lactic acid and reactive oxygen species,
albeit Lactobacillus species usually produce lactic acid, H2O2 and antimicrobial peptides
such as bacteriocins and biosurfactants that inhibit the growth of bacteria and viruses and
regulate vaginal homeostasis [101,105]. According to the results of the studies by Petrova
et al. and Rampersaud et al., L. iners produces L-lactic acid and inerolysin (a pore-forming
toxin cytolysin capable of damaging the cells of the vaginal mucosa), both contributing to
pathogenic proliferation and infections [106,107]. Major research conducted in recent years
confirms the role of microbiome in virus clearance and oncogenesis [108,109].

In 2017, Di Paola et al. found that Gardnerella, Prevotella, Megasphoera and Atopobium
were present at sampling in 43% of women in the persistence group and only in 7% in
the clearance group when examining the microbiome from women with high-risk HPV
persistence [110]. They assumed that Atopobium spp and sialidase gene from Gardnerella
vaginalis were independent markers of HPV persistence [110]. In 2020, based on a meta-
analysis, Norenhag et al. [111] linked microbiota dominated by non-lactobacillus flora or L.
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Iners to a three to five times higher risk of dysplasia/cervical cancer for any prevalent HPV
and two to three times higher risk of high-risk HPV, compared with L. crispatus. In 2021,
Kang GU et al. reported that the microbiota composition in invasive cervical cancer and CIN
is significantly different from the microbiome of healthy women. The authors suggested
that Gardnerella and Streptococcus may be involved in carcinogenesis [112]. In 2020, Mitra
et al., in a study of the effect of vaginal microbiome on spontaneous CIN2 regression
and HPV clearance, obtained data suggesting that the predominance of non-lactobacillus
flora (Prevotella, Atopobium and Gardnerella) was associated with virus persistence, and the
predominance of L. crispatus and L. gasseri was associated with more frequent regression
and clearance [14]. In the same year, Mei Yang et al. found that Trichomonas vaginalis
and HPV16 co-infection were associated with a 1.71-fold increase in CIN 2-3 risk [113].
The results of a study published at the end of 2022 are interesting as well: Miriam Dellino
et al. suggested that the long-term administration of oral Lactobacillus crispatus can restore
eubiosis in women with HPV infections and hence achieve viral clearance. Total HPV
clearance was shown in 9.3% of patients undergoing follow-up only, compared to 15.3%
of patients in the group taking long-term (median 12 months (range 9–14 months)) oral
Lactobacillus crispatus M247 (p = 0.34) [114]. Despite the percentage of HPV-negative patients
assessed with the HPV-DNA test at the end of the study period (being similar to the control
group), further research studies in this direction seem promising.

A further study of the effect of vaginal microbiome on HPV clearance and persistence,
as well as carcinogenesis, opens up new opportunities for both molecular-based triage and
the treatment of patients with HPV or abnormal changes in the cervical epithelium.

6. Conclusions

At the moment, the ability of countries to achieve the targets of the WHO global
strategy to accelerate the elimination of cervical cancer is limited by the level of their
socioeconomic wellbeing.

To increase the effectiveness of primary prevention measures, researchers from differ-
ent countries propose the following:

• Raising awareness of HPV risks and the virus’s role in oncogenesis among not only
females but also males;

• Inclusion of HPV vaccination of boys in national immunisation schedules;
• Development of new HPV vaccines to expand vaccination to MICs and LICs.

To increase the effectiveness of secondary prevention measures (early screening for
precancerous cervical lesions), the following is proposed.

• A more intensive study into the effectiveness of the analysis of self-collected samples;
• Search for molecular markers of carcinogenesis in self-collected samples;
• Using artificial intelligence to detect abnormalities in samples for PAP testing;
• Using artificial intelligence in guided cervical biopsies to improve the accuracy of

histology;
• Development of diagnostic and therapeutic approaches for treatments based on vagi-

nal microbiome analysis.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable. No new data were created or analysed in
this study. Data sharing is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2023, 13, 610 11 of 15

References
1. Global, H.I.V. Hepatitis and Sexually Transmitted Infections Programmes, Guidelines Review Committee, Sexual and Reproduc-

tive Health and Research. In WHO Guideline for Screening and Treatment of Cervical Pre-Cancer Lesions for Cervical Cancer Prevention,
2nd ed.; World Health Organization: Geneva, Switzerland, 2021; p. 115.

2. Salambanga, C.; Zohoncon, T.M.; Traore, I.M.A.; Ouedraogo, R.A.; Djigma, W.F.; Ouedraog, C.; Simpore, J. High prevalence of
high-risk human papillomavirus (HPV) infection among sexually active women in Ouagadougou. Med. Sante Trop. 2019, 29,
302–305. [PubMed]

3. Nielsen, A.; Iftner, T.; Norgaard, M.; Munk, C.; Junge, J.; Kjaer, S.K. The importance of low-risk HPV infection for the risk of
abnormal cervical cytology/histology in more than 40,000 Danish women. Sex. Transm. Infect. 2012, 88, 627–632. [CrossRef]
[PubMed]

4. Morandell, D.; Rostek, U.; Bouvard, V.; Campo-Fernandez, B.; Fiedler, M.; Jansen-Durr, P.; Zwerschke, W. Human papillomavirus
type 45 E7 is a transforming protein inducing retinoblastoma protein degradation and anchorage-independent cell cycle
progression. Virology 2008, 379, 20–29. [CrossRef] [PubMed]

5. Cascardi, E.; Cazzato, G.; Daniele, A.; Silvestris, E.; Cormio, G.; Di Vagno, G.; Malvasi, A.; Loizzi, V.; Scacco, S.; Pinto, V.; et al.
Association between Cervical Microbiota and HPV: Could This Be the Key to Complete Cervical Cancer Eradication? Biology
2022, 11, 1114. [CrossRef]

6. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]

7. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

8. The Lancet Oncology. Cervical cancer screening and New Zealand’s uncomfortable truths. Lancet Oncol. 2021, 22, 571. [CrossRef]
9. Bonjour, M.; Charvat, H.; Franco, E.L.; Piñeros, M.; Clifford, G.M.; Bray, F.; Baussano, I. Global estimates of expected and

preventable cervical cancers among girls born between 2005 and 2014: A birth cohort analysis. Lancet Public Health 2021,
6, e510–e521. [CrossRef]

10. Bruni, L.; Saura-Lázaro, A.; Montoliu, A.; Brotons, M.; Alemany, L.; Diallo, M.S.; Afsar, O.Z.; LaMontagne, D.S.; Mosina, L.;
Contreras, M.; et al. HPV vaccination introduction worldwide and WHO and UNICEF estimates of national HPV immunization
coverage 2010–2019. Prev. Med. 2021, 144, 106399. [CrossRef]

11. Keane, A.; Ng, C.W.; Simms, K.T.; Nguyen, D.; Woo, Y.L.; Saville, M.; Canfell, K. The road to cervical cancer elimination in
Malaysia: Evaluation of the impact and cost-effectiveness of human papillomavirus screening with self-collection and digital
registry support. Int. J. Cancer 2021, 149, 1997–2009. [CrossRef]

12. Gupta, S.; Kumar, P.; Das, B.C. HPV: Molecular pathways and targets. Curr. Probl. Cancer 2018, 42, 161–174. [CrossRef] [PubMed]
13. Lea, C.S.; Perez-Heydrich, C.; Des Marais, A.C.; Richman, A.R.; Barclay, L.; Brewer, N.T.; Smith, J.S. Predictors of Cervical Cancer

Screening Among Infrequently Screened Women Completing Human Papillomavirus Self-Collection: My Body My Test-1. J.
Womens Health 2019, 28, 1094–1104. [CrossRef] [PubMed]

14. Mitra, A.; MacIntyre, D.A.; Ntritsos, G.; Smith, A.; Tsilidis, K.K.; Marchesi, J.R.; Bennett, P.R.; Moscicki, A.B.; Kyrgiou, M. The
vaginal microbiota associates with the regression of untreated cervical intraepithelial neoplasia 2 lesions. Nat. Commun. 2020,
11, 1999. [CrossRef] [PubMed]

15. Tan, X.; Li, K.; Zhang, J.; Wang, W.; Wu, B.; Wu, J.; Li, X.; Huang, X. Automatic model for cervical cancer screening based on
convolutional neural network: A retrospective, multicohort, multicenter study. Cancer Cell Int. 2021, 21, 35. [CrossRef] [PubMed]

16. WHO. Global Strategy to Accelerate the Elimination of Cervical Cancer as a Public Health Problem; World Health Organization: Geneva,
Switzerland, 2020; 56p.

17. Lew, J.B.; Simms, K.T.; Smith, M.A.; Kang, Y.K.; Xu, X.; Caruana, M.; Walker, R.; Canfell, K. National Cervical Screening Program
Renewal: Effectiveness Modelling and Economic Evaluation in the Australian Setting (Assessment Report)—MSAC Application
Number 1276. Available online: https://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/E6A211A6
FFC29E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluation.pdf (accessed on 14 November 2022).

18. Pharmaceutical Benefits Advisory Committee, Australia. Available online: https://www.pbs.gov.au/industry/listing/elements/
pbac-meetings/pbacoutcomes/2017-07/positive-recommendations-2017-07.pdf (accessed on 14 November 2022).

19. Velentzis, L.S.; Smith, M.A.; Simms, K.T.; Lew, J.B.; Hall, M.; Hughes, S.; Yuill, S.; Killen, J.; Keane, A.; Butler, K.; et al. Pathways to
a cancer-free future: A protocol for modelled evaluations to maximize the future impact of interventions on cervical cancer in
Australia. Gynecol. Oncol. 2019, 152, 465–471. [CrossRef] [PubMed]

20. Van Schalkwyk, C.; Moodley, J.; Welte, A.; Johnson, L.F. Modelling the impact of prevention strategies on cervical cancer incidence
in South Africa. Int. J. Cancer 2021, 149, 1564–1575. [CrossRef]

21. South African Department of Health. Cervical Cancer Prevention and Control. 2017. Available online: http://www.health.gov.
za/index.php/2014-08-15-12-53-24?download=1393:cervical-cancer-policy-pdf (accessed on 16 November 2022).

22. Moscicki, A.B.; Karalius, B.; Tassiopoulos, K.; Yao, T.J.; Jacobson, D.L.; Patel, K.; Purswani, M.; Seage, G.R. Pediatric HIV/AIDS
Cohort Study. Human Papillomavirus Antibody Levels and Quadrivalent Vaccine Clinical Effectiveness in Perinatally Human
Immunodeficiency Virus-infected and Exposed, Uninfected Youth. Clin. Infect. Dis. 2019, 69, 1183–1191. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/31573526
http://doi.org/10.1136/sextrans-2011-050307
http://www.ncbi.nlm.nih.gov/pubmed/22773328
http://doi.org/10.1016/j.virol.2008.06.004
http://www.ncbi.nlm.nih.gov/pubmed/18649911
http://doi.org/10.3390/biology11081114
http://doi.org/10.3322/caac.21492
http://doi.org/10.3322/caac.21660
http://doi.org/10.1016/S1470-2045(21)00206-0
http://doi.org/10.1016/S2468-2667(21)00046-3
http://doi.org/10.1016/j.ypmed.2020.106399
http://doi.org/10.1002/ijc.33759
http://doi.org/10.1016/j.currproblcancer.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/29706467
http://doi.org/10.1089/jwh.2018.7141
http://www.ncbi.nlm.nih.gov/pubmed/30874477
http://doi.org/10.1038/s41467-020-15856-y
http://www.ncbi.nlm.nih.gov/pubmed/32332850
http://doi.org/10.1186/s12935-020-01742-6
http://www.ncbi.nlm.nih.gov/pubmed/33413391
https://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/E6A211A6FFC29E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluation.pdf
https://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/E6A211A6FFC29E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluation.pdf
https://www.pbs.gov.au/industry/listing/elements/pbac-meetings/pbacoutcomes/2017-07/positive-recommendations-2017-07.pdf
https://www.pbs.gov.au/industry/listing/elements/pbac-meetings/pbacoutcomes/2017-07/positive-recommendations-2017-07.pdf
http://doi.org/10.1016/j.ygyno.2018.12.019
http://www.ncbi.nlm.nih.gov/pubmed/30876490
http://doi.org/10.1002/ijc.33716
http://www.health.gov.za/index.php/2014-08-15-12-53-24?download=1393:cervical-cancer-policy-pdf
http://www.health.gov.za/index.php/2014-08-15-12-53-24?download=1393:cervical-cancer-policy-pdf
http://doi.org/10.1093/cid/ciy1040


Diagnostics 2023, 13, 610 12 of 15

23. Denny, L.; Hendricks, B.; Gordon, C.; Thomas, F.; Hezareh, M.; Dobbelaere, K.; Durand, C.; Hervé, C.; Descamps, D. Safety
and immunogenicity of the HPV-16/18 AS04-adjuvanted vaccine in HIV-positive women in South Africa: A partially-blind
randomised placebo-controlled study. Vaccine 2013, 31, 5745–5753. [CrossRef]

24. Kocken, M.; Helmerhorst, T.J.; Berkhof, J.; Louwers, J.A.; Nobbenhuis, M.A.; Bais, A.G.; Hogewoning, C.J.; Zaal, A.; Verheijen,
R.H.; Snijders, P.J.; et al. Risk of recurrent high-grade cervical intraepithelial neoplasia after successful treatment: A long-term
multi-cohort study. Lancet Oncol. 2011, 12, 441–450. [CrossRef]

25. Boulle, A.; Heekes, A.; Tiffin, N.; Smith, M.; Mutemaringa, T.; Zinyakatira, N.; Phelanyane, F.; Pienaar, C.; Buddiga, K.; Coetzee, E.; et al.
Data Centre Profile: The Provincial Health Data Centre of the Western Cape Province, South Africa. Int. J. Popul. Data Sci. 2019, 4,
1143. [CrossRef]

26. Corrado, G.; Mazzara, C.; Certelli, C.; Nsubuga, J.B.; Zanetto, F.; Schurfeld, K.; Dell’Antonio, G.; Orti, C.D.; Savarese, A.; Andriani,
M.T. Screening for cervical cancer in Africa: A proposal of a different combination of VIA test and cervical smear in Uganda. Int.
J. Gynaecol. Obstet. 2021, 152, 68–71. [CrossRef] [PubMed]

27. Mchome, B.; Swai, P.; Wu, C.; Katanga, J.; Kahesa, C.; Manongi, R.; Mwaiselage, J.D.; Kjaer, S.; Rasch, V.; Linde, D.S. Compre-
hensive Cervical Cancer Prevention in Tanzania (CONCEPT) study: Cohort profile. BMJ Open 2020, 10, e038531. [CrossRef]
[PubMed]

28. Destaw, A.; Midaksa, M.; Addissie, A.; Kantelhardt, E.J.; Gizaw, M. Cervical cancer screening “see and treat approach”: Real-life
uptake after invitation and associated factors at health facilities in Gondar, Northwest Ethiopia. BMC Cancer 2021, 21, 1031.
[CrossRef] [PubMed]

29. Zhu, J.; Ge, Z.; Xia, J.; Liu, Q.; Ran, Q.; Yang, Y. Status quo and problem analysis of cervical cancer screening program in China:
Based on RE-AIM framework. Front Public Health 2022, 10, 987787. [CrossRef] [PubMed]

30. Guo, M.; Xu, J.; Du, J. Trends in cervical cancer mortality in China from 1989 to 2018: An age-period-cohort study and Joinpoint
analysis. BMC Public Health 2021, 21, 1329. [CrossRef]

31. Heling, B. Study on Social Fairness of Cervical Cancer Death and Screening and Efficient Screening Model in China. Ph.D. Thesis,
Chinese Center for Disease Control and Prevention, Beijing, China, 2017.

32. Xia, C.; Hu, S.; Xu, X.; Zhao, X.; Qiao, Y.; Broutet, N.; Canfell, K.; Hutubessy, R.; Zhao, F. Projections up to 2100 and a budget
optimisation strategy towards cervical cancer elimination in China: A modelling study. Lancet Public Health 2019, 4, e462–e472.
[CrossRef] [PubMed]

33. Ferlay, J.; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Piñeros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global Cancer Observatory:
Cancer Today. Lyon, France: International Agency for Research on Cancer. 2020. Available online: http://gco.iarc.fr/today/home
(accessed on 18 November 2022).

34. Tatarinova, T.A.; Kosagovskaya, I.I. [The condition and tendencies of cervical carcinoma diagnostic in the Russian Federation].
Probl. Sotsialnoi. Gig. Zdravookhranenniiai. Istor. Med. 2021, 29, 1547–1555. (In Russian) [CrossRef]

35. Barchuk, A.; Bespalov, A.; Huhtala, H.; Chimed, T.; Laricheva, I.; Belyaev, A.; Bray, F.; Anttila, A.; Auvinen, A. Breast and cervical
cancer incidence and mortality trends in Russia 1980-2013. Cancer Epidemiol. 2018, 55, 73–80. [CrossRef]

36. Rogovskaya, S.I.; Shabalova, I.P.; Ulumbekova, G.E.; Korolenkova, L.I.; Bebneva, T.N.; Gushchin, A.E.; Kira, E.F.; Kondrikov,
N.I.; Kononova, I.N.; Ledina, A.V.; et al. The cervical cancer prevention in Russia. ORGZDRAV: Novosti, mneniya, obuchenie.
Vestnik VSHOUZ [Healthcare Management: News, Views, Education. Bulletin of VSHOUZ]. 2021, 7, pp. 16–31. Available online:
https://www.vshouz.ru/journal/2021-god/organizatsionnye-voprosy-profilaktiki-raka-sheyki-matki-v-rossii/ (accessed on 18
November 2022). (In Russian).

37. WHO/UNICEF. Progress and Challenges with Achieving Universal Immunization Coverage 2019. 2020. Available online: https:
//www.who.int/docs/default-source/documents/immunization/data/who-unicefimmunisation.pdf?sfvrsn=6bc33c2d_2 (ac-
cessed on 18 November 2022).

38. Spayne, J.; Hesketh, T. Estimate of global human papillomavirus vaccination coverage: Analysis of country-level indicators. BMJ
Open. 2021, 11, e052016. [CrossRef]

39. Wide, A.; Wettergren, L.; Ahlgren, J.; Smedby, K.E.; Hellman, K.; Henriksson, R.; Rodriguez-Wallberg, K.; Ståhl, O.; Lampic, C.
Fertility-related information received by young women and men with cancer—A population-based survey. Acta Oncol. 2021, 60,
976–983. [CrossRef] [PubMed]

40. Kim, H.W.; Kim, D.H.; Kim, Y. Men’s awareness of cervical cancer: A qualitative study. BMC Womens Health 2018, 18, 155.
[CrossRef] [PubMed]

41. Okedo-Alex, I.N.; Uneke, C.J.; Uro-Chukwu, H.C.; Akamike, I.C.; Chukwu, O.E. “It is what I tell her that she will do”: A mixed
methods study of married men’s knowledge and attitude towards supporting their wives’ cervical cancer screening in rural
South-East Nigeria. Pan. Afr. Med. J. 2020, 36, 156. [CrossRef] [PubMed]

42. Sledge, J.A.; Jensen, C.E.; Cibulka, N.J.; Hoffman, M. The Male Voice: A Qualitative Assessment of Young Men’s Communication
Preferences About HPV and 9vHPV. J. Community Health 2019, 44, 998–1008. [CrossRef]

43. Rashid, S.; Labani, S.; Das, B.C. Knowledge, Awareness and Attitude on HPV, HPV Vaccine and Cervical Cancer among the
College Students in India. PLoS ONE 2016, 11, e0166713. [CrossRef]

44. Nakao, Y.; Sasaki, A.I.; Obara, T.; Abe, S.; Furusaki, K.; Higaki, M.; Yoshimachi, S.; Gotou, T. Knowledge of Cervical Cancer and
Human Papillomavirus among Japanese Women. Asian Pac. J. Cancer Prev. 2020, 21, 3527–3532. [CrossRef]

http://doi.org/10.1016/j.vaccine.2013.09.032
http://doi.org/10.1016/S1470-2045(11)70078-X
http://doi.org/10.23889/ijpds.v4i2.1143
http://doi.org/10.1002/ijgo.13350
http://www.ncbi.nlm.nih.gov/pubmed/32812648
http://doi.org/10.1136/bmjopen-2020-038531
http://www.ncbi.nlm.nih.gov/pubmed/32948569
http://doi.org/10.1186/s12885-021-08761-0
http://www.ncbi.nlm.nih.gov/pubmed/34530761
http://doi.org/10.3389/fpubh.2022.987787
http://www.ncbi.nlm.nih.gov/pubmed/36311598
http://doi.org/10.1186/s12889-021-11401-8
http://doi.org/10.1016/S2468-2667(19)30162-8
http://www.ncbi.nlm.nih.gov/pubmed/31493843
http://gco.iarc.fr/today/home
http://doi.org/10.32687/0869-866X-2021-29-6-1547-1555
http://doi.org/10.1016/j.canep.2018.05.008
https://www.vshouz.ru/journal/2021-god/organizatsionnye-voprosy-profilaktiki-raka-sheyki-matki-v-rossii/
https://www.who.int/docs/default-source/documents/immunization/data/who-unicefimmunisation.pdf?sfvrsn=6bc33c2d_2
https://www.who.int/docs/default-source/documents/immunization/data/who-unicefimmunisation.pdf?sfvrsn=6bc33c2d_2
http://doi.org/10.1136/bmjopen-2021-052016
http://doi.org/10.1080/0284186X.2021.1900909
http://www.ncbi.nlm.nih.gov/pubmed/33764839
http://doi.org/10.1186/s12905-018-0650-9
http://www.ncbi.nlm.nih.gov/pubmed/30249228
http://doi.org/10.11604/pamj.2020.36.156.21157
http://www.ncbi.nlm.nih.gov/pubmed/32874420
http://doi.org/10.1007/s10900-019-00674-1
http://doi.org/10.1371/journal.pone.0166713
http://doi.org/10.31557/APJCP.2020.21.12.3527


Diagnostics 2023, 13, 610 13 of 15

45. Broutet, N.; Jeronimo, J.; Kumar, S.; Almonte, M.; Murillo, R.; Huy, N.V.Q.; Denny, L.; Kapambwe, S.; Bhatla, N.; Sebitloane, M.;
et al. Implementation research to accelerate scale-up of national screen and treat strategies towards the elimination of cervical
cancer. Prev. Med. 2022, 155, 106906. [CrossRef]

46. Nghiem, V.T.; Davies, K.R.; Beck, J.R.; Follen, M.; Cantor, S.B. Overtreatment and Cost-Effectiveness of the See-and-Treat Strategy
for Managing Cervical Precancer. Cancer Epidemiol. Biomarkers Prev. 2016, 25, 807–814. [CrossRef]

47. Chinula, L.; Topazian, H.M.; Mapanje, C.; Varela, A.; Chapola, J.; Limarzi, L.; Stanley, C.; Hosseinipour, M.; Gopal, S.; Tang,
J.H. Uptake and safety of community-based “screen-and-treat” with thermal ablation preventive therapy for cervical cancer
prevention in rural Lilongwe, Malawi. Int. J. Cancer 2021, 149, 371–377. [CrossRef]

48. Awolude, O.A.; Oyerinde, S.O.; Akinyemi, J.O. Screen and Triage by Community Extension Workers to Facilitate Screen and
Treat: Task-Sharing Strategy to Achieve Universal Coverage for Cervical Cancer Screening in Nigeria. J. Glob. Oncol. 2018, 4, 1–10.
[CrossRef]

49. Wirtz, C.; Mohamed, Y.; Engel, D.; Sidibe, A.; Holloway, M.; Bloem, P.; Kumar, S.; Brotherton, J.; Reis, V.; Morgan, C. Integrating
HPV vaccination programs with enhanced cervical cancer screening and treatment, a systematic review. Vaccine 2022, 40 (Suppl.
S1), A116–A123. [CrossRef] [PubMed]

50. Baezconde-Garbanati, L.; Agurto, I.; Gravitt, P.E.; Luciani, S.; Murphy, S.; Ochoa, C.; Gallegos, K.; Barahona, R.; Rodríguez, Y.
Barriers and innovative interventions for early detection of cervical cancer. Salud. Publica Mex. 2019, 61, 456–460. [CrossRef]

51. Castle, P.E.; Wheeler, C.M.; Campos, N.G.; Sy, S.; Burger, E.A.; Kim, J.J. New Mexico HPV Pap Registry Steering Committee.
Inefficiencies of over-screening and under-screening for cervical cancer prevention in the U.S. Prev. Med. 2018, 111, 177–179.
[CrossRef] [PubMed]

52. Ravikumar, K.E.; MacLaughlin, K.L.; Scheitel, M.R.; Kessler, M.; Wagholikar, K.B.; Liu, H.; Chaudhry, R. Improving the Accuracy
of a Clinical Decision Support System for Cervical Cancer Screening and Surveillance. Appl. Clin. Inform. 2018, 9, 62–71.
[CrossRef] [PubMed]

53. McGinnis, E.; Meyerson, B.E.; Meites, E.; Saraiya, M.; Griesse, R.; Snoek, E.; Haderxhanaj, L.; Markowitz, L.E.; Smith, W. Cervical
Cancer Screening and Prevention in 78 Sexually Transmitted Disease Clinics-United States, 2014–2015. Sex Transm. Dis. 2017, 44,
637–641. [CrossRef] [PubMed]

54. Shin, H.Y.; Lee, Y.Y.; Song, S.Y.; Park, B.; Suh, M.; Choi, K.S.; Jun, J.K. Trends in cervical cancer screening rates among Korean
women: Results of the Korean National Cancer Screening Survey, 2005–2020. J. Gynecol. Oncol. 2022, 33, e39. [CrossRef]

55. Kim, M.A.; Han, G.H.; Kim, J.H.; Seo, K. Current Status of Human Papillomavirus Infection and Introduction of Vaccination to
the National Immunization Program in Korea: An Overview. J. Korean Med. Sci. 2018, 33, e331. [CrossRef]

56. Seong, J.; Ryou, S.; Yoo, M.; Lee, J.; Kim, K.; Jee, Y.; Cho, C.H.; Kim, S.M.; Hong, S.R.; Jeong, D.H.; et al. Status of HPV vaccination
among HPV-infected women aged 20–60 years with abnormal cervical cytology in South Korea: A multicenter, retrospective
study. J. Gynecol. Oncol. 2020, 31, e4. [CrossRef]

57. Wang, Y.; Cai, Y.B.; James, W.; Zhou, J.L.; Rezhake, R.; Zhang, Q. Human papillomavirus distribution and cervical cancer
epidemiological characteristics in rural population of Xinjiang, China. Chin. Med. J. 2021, 134, 1838–1844. [CrossRef]

58. Zhang, Y.Y.; Xu, X.Q.; Zhang, D.; Wu, J.; Zhang, H.X. Triage human papillomavirus testing for cytology-based cervical screening
in women of different ages in primary hospitals: A retrospective clinical study. Medicine 2020, 99, e22320. [CrossRef]

59. Ducray, J.F.; Kell, C.M.; Basdav, J.; Haffejee, F. Cervical cancer knowledge and screening uptake by marginalized population
of women in inner-city Durban, South Africa: Insights into the need for increased health literacy. Womens Health 2021, 17,
17455065211047141. [CrossRef] [PubMed]

60. Bhatla, N.; Meena, J.; Kumari, S.; Banerjee, D.; Singh, P.; Natarajan, J. Cervical Cancer Prevention Efforts in India. Indian J. Gynecol.
Oncol. 2021, 19, 41. [CrossRef] [PubMed]

61. Joshi, S.; Muwonge, R.; Kulkarni, V.; Lucas, E.; Kulkarni, S.; Kand, S.; Mandolkar, M.; Baig, M.; Wankhede, S.; Surwase, K.; et al.
Mobile Screening Unit (MSU) for the Implementation of the ‘Screen and Treat’ Programme for Cervical Cancer Prevention in
Pune, India. Asian Pac. J. Cancer Prev. 2021, 22, 413–418. [CrossRef] [PubMed]

62. Taneja, N.; Chawla, B.; Awasthi, A.A.; Shrivastav, K.D.; Jaggi, V.K.; Janardhanan, R. Knowledge, Attitude, and Practice on Cervical
Cancer and Screening Among Women in India: A Review. Cancer Control 2021, 28, 10732748211010799. [CrossRef] [PubMed]

63. Isabirye, A.; Mbonye, M.K.; Kwagala, B. Predictors of cervical cancer screening uptake in two districts of Central Uganda. PLoS
ONE 2020, 15, e0243281. [CrossRef]

64. Nakisige, C.; Schwartz, M.; Ndira, A.O. Cervical cancer screening and treatment in Uganda. Gynecol. Oncol. Rep. 2017, 20, 37–40.
[CrossRef]

65. Cubie, H.A.; Campbell, C. Cervical cancer screening—The challenges of complete pathways of care in low-income countries:
Focus on Malawi. Womens Health 2020, 16, 1745506520914804. [CrossRef]

66. Kakani, P.; Kojima, N.; Banda, B.A.; Lewis, S.; Suri, R.; Chibwana, F.; Chivwara, M.; Sullivan, L.; Chimombo, M.; Sigauke, H.; et al.
Increasing cervical cancer screening at a non-government medical center in Lilongwe, Malawi. Int. J. STD AIDS 2021, 32, 933–939.
[CrossRef]

67. Gerstl, S.; Lee, L.; Nesbitt, R.C.; Mambula, C.; Sugianto, H.; Phiri, T.; Kachingwe, J.; Llosa, A.E. Cervical cancer screening coverage
and its related knowledge in southern Malawi. BMC Public Health 2022, 22, 295. [CrossRef]

68. Afzal, O.; Lieb, W.; Lieber, M.; Chowdhury, S.; Beddoe, A.M. Cervical cancer risk factors and screening preferences among
Muslim women in Monrovia, Liberia. Afr. J. Reprod. Health 2020, 24, 101–107.

http://doi.org/10.1016/j.ypmed.2021.106906
http://doi.org/10.1158/1055-9965.EPI-15-1044
http://doi.org/10.1002/ijc.33549
http://doi.org/10.1200/JGO.18.00023
http://doi.org/10.1016/j.vaccine.2021.11.013
http://www.ncbi.nlm.nih.gov/pubmed/34863615
http://doi.org/10.21149/10425
http://doi.org/10.1016/j.ypmed.2018.03.011
http://www.ncbi.nlm.nih.gov/pubmed/29548787
http://doi.org/10.1055/s-0037-1617451
http://www.ncbi.nlm.nih.gov/pubmed/29365341
http://doi.org/10.1097/OLQ.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/28876317
http://doi.org/10.3802/jgo.2022.33.e39
http://doi.org/10.3346/jkms.2018.33.e331
http://doi.org/10.3802/jgo.2020.31.e4
http://doi.org/10.1097/CM9.0000000000001441
http://doi.org/10.1097/MD.0000000000022320
http://doi.org/10.1177/17455065211047141
http://www.ncbi.nlm.nih.gov/pubmed/34553644
http://doi.org/10.1007/s40944-021-00526-8
http://www.ncbi.nlm.nih.gov/pubmed/34095455
http://doi.org/10.31557/APJCP.2021.22.2.413
http://www.ncbi.nlm.nih.gov/pubmed/33639655
http://doi.org/10.1177/10732748211010799
http://www.ncbi.nlm.nih.gov/pubmed/33926235
http://doi.org/10.1371/journal.pone.0243281
http://doi.org/10.1016/j.gore.2017.01.009
http://doi.org/10.1177/1745506520914804
http://doi.org/10.1177/09564624211007260
http://doi.org/10.1186/s12889-022-12547-9


Diagnostics 2023, 13, 610 14 of 15

69. Beddoe, A.M.; Jallah, W.; Dahn, B. Program Planning to Develop Infrastructure for Cancer Care in Liberia. JCO Glob. Oncol. 2022,
8, e2100287. [CrossRef] [PubMed]

70. Kim, J.J.; Ortendahl, J.; Goldie, S.J. Cost-effectiveness of human papillomavirus vaccination and cervical cancer screening in
women older than 30 years in the United States. Ann. Intern. Med. 2009, 151, 538–545. [CrossRef] [PubMed]

71. Wheeler, C.M.; Skinner, S.R.; Del Rosario-Raymundo, M.R.; Garland, S.M.; Chatterjee, A.; Lazcano-Ponce, E.; Salmerón, J.; McNeil,
S.; Stapleton, J.T.; Bouchard, C.; et al. Efficacy, safety, and immunogenicity of the human papillomavirus 16/18 AS04-adjuvanted
vaccine in women older than 25 years: 7-year follow-up of the phase 3, double-blind, randomised controlled VIVIANE study.
Lancet Infect. Dis. 2016, 16, 1154–1168. [CrossRef]

72. Laprise, J.F.; Chesson, H.W.; Markowitz, L.E.; Drolet, M.; Martin, D.; Bénard, É.; Brisson, M. Effectiveness and Cost-Effectiveness
of Human Papillomavirus Vaccination Through Age 45 Years in the United States. Ann. Intern. Med. 2020, 172, 22–29. [CrossRef]

73. Datta, S.; Pink, J.; Medley, G.F.; Petrou, S.; Staniszewska, S.; Underwood, M.; Sonnenberg, P.; Keeling, M.J. Assessing the
cost-effectiveness of HPV vaccination strategies for adolescent girls and boys in the UK. BMC Infect. Dis. 2019, 19, 552. [CrossRef]

74. Schneede, P. Krankheitslast humaner Papillomaviren der Männer: HPV-Vorsorge wird Männersache [Human papillomavirus
disease burden in men: HPV prevention is a man’s business]. Urologe. A 2018, 57, 1452–1456. (In German) [CrossRef] [PubMed]

75. Ye, Z.H.; Liu, Z.Z.; Cui, S.T.; Chu, Z.X.; Jiang, Y.J.; Xu, J.J.; Hu, Q.H.; Shang, H. High Human Papillomavirus Vaccine Acceptability
and Cost-Effectiveness of the Chinese 2-Valent Vaccine Among Men Who Have Sex with Men: A Cross-Sectional Study in
Shenyang, China. Front. Med. 2021, 8, 763564. [CrossRef]

76. Zou, Z.; Fairley, C.K.; Ong, J.J.; Hocking, J.; Canfell, K.; Ma, X.; Chow, E.P.F.; Xu, X.; Zhang, L.; Zhuang, G. Domestic HPV vaccine price
and economic returns for cervical cancer prevention in China: A cost-effectiveness analysis. Lancet Glob. Health 2020, 8, e1335–e1344.
[CrossRef]

77. Noguchi, M.; Nakanishi, M.; Kato, K. Appraisal of a newly developed self-collection device for obtaining cervical specimens.
Acta Cytol. 1982, 26, 633–635.

78. Sellors, J.W.; Lorincz, A.T.; Mahony, J.B.; Mielzynska, I.; Lytwyn, A.; Roth, P.; Howard, M.; Chong, S.; Daya, D.;
Chapman, W.; et al. Comparison of self-collected vaginal, vulvar and urine samples with physician-collected cervical
samples for human papillomavirus testing to detect high-grade squamous intraepithelial lesions. CMAJ 2000, 163, 513–518.

79. Gravitt, P.E.; Lacey, J.V., Jr.; Brinton, L.A.; Barnes, W.A.; Kornegay, J.R.; Greenberg, M.D.; Greene, S.M.; Hadjimichael, O.C.;
McGowan, L.; Mortel, R.; et al. Evaluation of self-collected cervicovaginal cell samples for human papillomavirus testing by
polymerase chain reaction. Cancer Epidemiol. Biomarkers. Prev. 2001, 10, 95–100.
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