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Abstract: Cervical cancer remains a major global public health concern that disproportionally affects women in low- and middle- 
income countries (LMICs), despite being largely preventable through effective primary and secondary prophylaxis. Persistent infection 
with high-risk human papillomavirus (HPV) is the principal cause of cervical cancer, highlighting the importance of both HPV 
vaccination and HPV-based screening. This narrative review examines current evidence on the natural history, prevention, and 
epidemiology of cervical cancer, with particular emphasis on screening practices and emerging innovative methods. It highlights 
the global patterns in cervical cancer incidence and mortality and provides regional contexts with the specific focus on the evolution of 
cervical cancer screening techniques, including cytology-based methods, HPV DNA testing, and the increasing role of self-sampling 
approach. Future perspectives are discussed in relation to the World Health Organization’s cervical cancer elimination strategy. 
Keywords: cervical cancer, HPV, HPV vaccination, cervical cancer screening, Pap test, HPV genotyping, self-sampling, prevention, 
healthcare access

Introduction
Cervical cancer remains a major public health burden and stands as one of the most common cancers affecting women 
worldwide and disproportionately impacts low- and middle-income countries (LMICs).1,2 Cervical cancer is widely 
recognized as one of the most preventable diseases since it has a well-proven and essential causal agent, persistent 
infection with high-risk human papillomavirus (HPV).1,3,4 The connection between cervical cancer and carcinogenic 
HPV types establishes that existing prevention methods succeed in discontinuing the disease progression before patients 
develop invasive cancer.5–7 The natural history of this disease provides two prevention methods: HPV vaccination 
reduces the risk of oncogenic type infection, while screening, together with early treatment, enables healthcare profes
sionals to find and treat precancerous conditions.8,9 The worldwide distribution of preventive healthcare services remains 
highly unequal; therefore, women in LMICs continue to experience greater disease burden.3,6

The existing health gaps show that people lack access to essential preventive services, which include HPV vaccina
tion, organized cervical cancer screening procedures, and immediate diagnosis and treatment. Screening effectiveness 
depends on test performance and delivery systems, and follow-up pathways and population participation; therefore, 
officials need to conduct discussions about which screening methods to use and how to implement those methods for 
elimination efforts.10–13The implementation of screening methods through organized population-based programs has 
demonstrated strong evidence that screening methods like cytology and visual inspection with acetic acid and hrHPV 
testing can reduce both cervical cancer rates and cancer-related deaths.9,14–16

To prevent cervical cancer and decrease the incidence of the disease, the World Health Organization (WHO) 
developed the Global Strategy to Accelerate the Elimination of Cervical Cancer.6 The strategy aims for (1) 90% of 
girls to be fully vaccinated against HPV by age 15, (2) 70% of women to undergo high-performance test screening at 
least twice during their lifetime (by ages 35 and 45), and (3) 90% of women with cervical disease to receive suitable 
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medical care and treatment.6 However, the progress toward these objectives has not been distributed equally among 
different groups/countries. Fewer than half of the countries in the world have created systematic screening programs, and 
global HPV vaccine coverage remains low.17–19 The existing gaps demonstrate that organizations need to develop both 
effective technologies and implementation methods that will improve their service delivery to different communities.

This narrative review summarizes the most recent research on preventing cervical cancer by focusing on screening 
methods and ongoing debates, as well as up-to-date solutions, which include HPV self-sampling. The study evaluates 
worldwide advancements in cervical cancer screening, comparing them to local/regional screening systems to identify 
potential improvements and existing obstacles, and future development routes needed to achieve the WHO cervical 
cancer elimination targets.

Materials and Methods
Literature Search
This narrative review used a structured literature search and transparent study-selection, guided by PRISMA guidelines 
for transparency, and included peer-reviewed articles published in English for the period between January 2016 and 
February 2026. Major available electronic databases were searched, including PubMed/MEDLINE, Cochrane database, 
and Google Scholar. In addition, the study examined key international guidelines and policy documents from organiza
tions such as the WHO, the American Society of Clinical Oncology (ASCO), the American Cancer Society (ACS), the 
National Cancer Institute (NCI), and the European Commission Joint Research Centre (ECJRC). Reference lists of 
included papers were used to discover additional relevant sources.

The search was performed using the following keywords: “cervical cancer” “human papillomavirus” “HPV” “high- 
risk HPV” “screening” “HPV testing” “primary HPV screening” “cytology” “Pap test” “visual inspection with acetic 
acid” “VIA” “HPV genotyping” “self-sampling” “self-collection” “HPV vaccination” “screening guidelines” “screening 
coverage” “healthcare access”. Medical Subject Headings (MeSH) terms were used wherever available: “Uterine 
Cervical Neoplasms” (MeSH Unique ID: D002583), “Papillomavirus Infections” (MeSH Unique ID: D030361), 
“Mass Screening” (MeSH Unique ID: D008403), “Early Detection of Cancer” (MeSH Unique ID: D055088), 
“Papanicolaou Test” (MeSH Unique ID: D065006), and “Papillomavirus Vaccines” (MeSH Unique ID: D053918).

The search was specified and targeted by using (“Uterine Cervical Neoplasms” OR “cervical cancer”) AND 
(“Papillomavirus Infections” OR “human papillomavirus” OR HPV OR “high-risk HPV”) AND (“Mass Screening” 
OR screening OR “HPV testing” OR cytology OR “Pap test” OR VIA OR “HPV genotyping”) AND (“self-sampling” 
OR “self-collection”) AND (“HPV vaccination” OR “Papillomavirus Vaccines”) (Supplementary Table S1).

Inclusion and Exclusion Criteria
Original studies, previously published reviews, guidelines, and policy documents were identified using the predefined 
keywords and search combinations and were considered for inclusion in this narrative review. Inclusion criteria were articles 
published in English between January 2016 and February 2026 (the literature search period) and addressing cervical cancer 
epidemiology, HPV infection, cervical cancer prevention, screening modalities (cytology, visual inspection with acetic acid, 
HPV testing, genotyping, self-sampling), vaccination, screening implementation, or issues of access and equity.

Both authors independently searched and screened titles and abstracts to identify relevant studies. Duplicates and 
irrelevant records were excluded. Full texts of potentially eligible articles were then assessed for inclusion. Due to 
heterogeneity across studies, findings were synthesized narratively rather than quantitatively.

Overall, 231 studies were included in this review (Figure 1).

Results and Discussion
Definition and Global Epidemiology
Cervical cancer (International Diseases Classification 10th edition code C53) is a malignant tumor originating in the 
uterine cervix.20 The primary cause is a persistent infection with the high-risk HPV types, particularly HPV-16 and HPV- 
18, which together account for around 70% of the cases of cervical cancer globally.13,21,22 The squamous epithelial cells 
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of the cervix, which are the most predominant ones, are the main target of the HPV infection.20 The cellular alterations in 
the cervix are caused by a persistent infection with the high-risk HPV strains, which can lead to the gradual invasion of 
cancerous cells from precancerous lesions in the uterine cervix.23,24 Besides, cervical cancer can also be triggered by 
a combination of risk factors like smoking, HIV infection, early sexual debut, contraceptive pill usage, and multiple 
sexual partners.1,13

Cervical cancer, with large geographical differences in both incidence and mortality, remains a global public health 
issue of great importance.25,26 The GLOBOCAN estimates indicated that globally, there were around 703,000 new 
cervical cancer cases and 373,000 deaths caused by the disease in 2025, making it the fourth most common type of 
cancer among women.27 Of all global cervical cancer cases, about 85% occur in LMICs.27,28 The high incidence of 
cervical cancer prevailing in LMICs is largely due to limited access to preventive measures, such as HPV vaccination, 
cervical cancer screening, and adequate, prompt, and targeted treatment.6

The geographical diversity of the rates of cervical cancer continues to be very different with countries within the 
regions of Eastern, Southern, and Sub-Saharan Africa reported to have the highest age-standardized incidence rate 
(ASIR) in 2022 with the highest ASIR in Eastern Africa being 40.42 per 100,000 women, and Southern Africa being 
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Figure 1 Data extraction flowchart.
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34.89 per 100,000 women, with the ASIR in Middle Africa of 31.12 per 100,000 women.29 Eastern Africa also reported 
an age-standard mortality rate (ASMR) of 28.87 per 100,000 women, the highest rate of cervical cancer mortality among 
different regions.27,29–31 Countries, including Eswatini, Malawi, and Zambia, have the highest rates of mortality, with 
Eswatini reporting an ASMR of 64.3 per 100,000 because of the lack of access to preventative services such as the HPV 
vaccine, other forms of preventative HPV vaccination, or cervical cancer screening, resulting in extreme late-stage 
diagnosis and poor treatment outcomes.29,32

In contrast, Western Europe and Australia, where healthcare systems have matured to support preventive care 
programs and services, have significantly lower rates of cervical cancer incidence and mortality than Eastern Africa, 
where Western Europe’s ASMR rate stands at 2.0 per 100,000 women compared to 28.6 per 100,000 women for Eastern 
Africa.29,33–36 The large gap illustrates the importance of early detection, vaccination, and screening initiatives in 
reducing cervical cancer deaths. The differences in the incidence of cervical cancer and its subsequent societal impact 
necessitate international efforts to implement effective cervical cancer prevention technology, particularly in low- 
resource countries, to help eliminate the global burden of cervical cancer.37,38

In countries that have high human development indices (HDI), the rate of cervical cancer usually starts increasing around the 
age of 25, and then it goes up to the maximum level around 40. However, in places where the economy is lowest or just below the 
middle-class level, the incidence keeps rising until women get to the age of their 50s or 60s.39 Besides this, the geographic 
distribution of cervical cancer risk differs a lot across the world; for instance, in Eswatini, a woman’s lifetime chance of developing 
cervical cancer is estimated to be 8.6%, but in Egypt, it’s merely 0.3%.21,40 Such disparities are indicative of differences in health 
systems and the availability of screening, as well as different levels of HPV infection and concurrent sexually transmitted diseases 
that may influence the long-term HPV persistence. Cancers of the breast and of the cervix together are responsible for around the 
same number of deaths among women aged 15 to 44 years, the former being the leading one.39,41 They, thus, severely affect the 
health of women in lower-middle-income and low-income countries through early mortality.

High-risk HPV strains persistently infecting the cervix are a very significant factor in the occurrence of cervical 
cancer. Almost all cervical cancer cases worldwide are caused by HPV type 16 or 18, and are supplemented with HPV 
types 31, 33, 45, 52, and 58, which alone represent 18% of the incidence of cervical cancer.42–44 Globally, it is estimated 
that 15.3% of women are infected with one or more high-risk HPV strains, indicating that HPV infection is very 
common.42,43 Also, Hispanic women living in the Caribbean region had the highest prevalence of HPV (50.7%), while 
women in Southern Asia had the lowest (8.5%).42,43 While younger women are the age group with the highest incidence 
of HPV infection, women aged over 40 have an increased incidence of HPV infections for an additional surge typically 
found in resource-poor settings.42–44 Persistent HPV infection, typically defined as detection of the same high-risk HPV 
type for 12 months or longer, is responsible for most cases of cervical precancer and cervical cancer.45

Projected population growth and aging in LMICs are expected to contribute to an increase of 32% in new cervical 
cancer cases, as well as an increase of 41% in cervical cancer deaths worldwide by the year 2040.46 However, the 
incidence and mortality estimates for the global cervical cancer epidemic could be dramatically decreased through 
vaccination against HPV and screening programs.

Thus, the WHO has established a series of ambitious goals to eliminate cervical cancer as a global health concern by 
the year 2030, 90–70-90 program.47 If the program initiatives are successfully executed, there is the potential to 
drastically reduce the occurrence and mortality associated with cervical cancer worldwide.

Etiology: High-Risk Human Papillomavirus
The high-risk HPV infection is responsible for creating the environment in which cervical cancer occurs. The HPV 
infection DNA is present in more than 95% of cervical carcinomas, indicating that hrHPV is an etiologic precondition for 
practically all cases of cervical cancer worldwide.29,48–52

HPV vaccines and HPV DNA-based primary cervical cancer screening are the most recent public health strategies 
employed for the prevention of cervical cancer based upon hrHPV’s role as the causative agent of cervical cancer.51,52 

High-risk HPV mainly infects the transformation zone (TZ) of the uterine cervix, which is the area that sees the 
intersection of viral persistence, neoplastic change, and screening practices, thereby making it the primary location for 
both virus invasion and precancerous lesions’ development.13,53
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The HPV is a small, non-enveloped virus that contains a double-stranded circular DNA of approximately 8 kb.13 The 
early and late genes are located on the same coding strand of the HPV genome, with six of the early genes (E1-E7) and 
two late genes (L1 and L2) encoding proteins that regulate the synthesis of HPV proteins during the lytic stage of 
replication and their preservation through an intermediate period.13,54–57 Additionally, the late gene proteins make up 
both the major and minor capsids that form the HPV virion.58 Currently, over 200 distinct HPV genotypes exist.13,59 

These are classified into different genera and species depending on the types of tissues affected, the degree to which they 
share sequence-relatedness with each other, and their cancer-causing ability.58,60

From an oncological perspective, most malignancies in the cervix in women are caused by a limited number of 
mucosotropic alpha-HPV strains. Twelve genotypes at least are classified by the International Agency for Research on 
Cancer (IARC) as group 1 carcinogens, which include HPV-16, −18, −31, −33, −35, −39, −45, −51, −52, −56, −58, and 
−59.13,61–64 In a general series of large numbers of cases, approximately 60% of squamous cell carcinomas (SCCs) are 
attributed solely to HPV-16.65 Also, many adenocarcinomas (ADCs) as well as sections of SCCs can be attributed to both 
HPV-18 and HPV-45 together.66,67 Collectively, HPV-16 and HPV-18 are estimated to cause around 70–75% of all 
cervical cancer cases worldwide.23,68,69 Other hrHPV types (31, 33, 52, and 58) provide smaller but regionally variable 
amounts of causal contributions to the overall numbers of cases.70,71

Cervical Microanatomy and Site of High-Risk HPV Carcinogenesis
Anatomically, the cervix consists of the stratified squamous epithelium of the ectocervix and the columnar glandular 
epithelium of the endocervix.20 The squamocolumnar junction (SCJ), where these epithelia meet, undergoes squamous 
metaplasia over the life span, which gives rise to a dynamic transformation zone characterized by the replacement of 
glandular epithelium with immature metaplastic cells.72–74 Among the progenitor cells in this TZ, especially those with 
long life span, are those that are highly susceptible to malignant transformation and hrHPV infection.75,76

Precancerous (precursor) lesions, known as cervical intraepithelial neoplasia (CIN), develop in the TZ, which is the 
most susceptible area.13,72 Due to the vulnerability of the cervical TZ at a younger age, the risk of cervical precancerous 
lesions and cervical cancer increases if the hrHPV infection is caught at a younger age and persists longer than 24 
months.13,72 Early sexual debut and multiple sexual partners are considered risk factors for cervical cancer development.

The revised Bethesda Classification defines CIN I as a low-grade squamous intraepithelial lesion (LSIL), while CIN II 
and III are classified as high-grade squamous intraepithelial lesions (HSIL).77–80 The cytological numbers in the cervix 
that are often scratched (micro-abrasions) during intercourse commonly lead to the HPV virus getting into the deeper 
(basal or parabasal) cells.81–83 The clinician could face different hrHPV-induced clones with diverse lesion grades at the 
same time, and TZ infections are mostly multifocal. For optimal screening, good access to the TZ is necessary for proper 
sampling.83 The TZ location slowly moves toward the endocervical canal as a person ages, thus influencing the 
effectiveness of some screening methods.53

Natural History of High-Risk HPV Infection and Multistage Cervical Carcinogenesis
The occurrence of cervical cancer is directly associated with long-lasting infection with the carcinogenic types of HPV, 
which indicates that hrHPV is the key factor leading to cervical cancer.13,72,84 The prevalence of HPV infections may be 
high, but the occurrence of malignant transformation is relatively low, as in most cases the host immune response clears 
the infection within 12–24 months.13 This means that there will never be a shortage of women who will continue to have 
multiple concurrent and/or sequential HPV infections cleared from their bodies, but there may be a lot of women who 
will not be able to control one specific persistent HPV infection that eventually leads to cancer.83–85

The development of cervical cancer is a multistage process that is very clear and takes several years to decades. It 
starts with a non-infected cervix, progresses through hrHPV type-specific infection, precancerous cervical lesions (CIN 1, 
CIN2, CIN3), and finally results in invasive carcinoma.72,85,86 The transitions between these states are not constant, and 
at the beginning, they can even be reversed, while the presence and disappearance of HPV can mean a new infection, 
a weakened immune system, or revival of a dormant infection.13,72 All these processes are indistinguishable by the 
current tests.86–89
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HPV primarily transmits via sexual activities, encompassing non-penetrative genital contact, meaning that general 
trends in sexual initiation affect the usual start of cervical cancer development.90 Longitudinal cohort studies consistently 
demonstrate a notable increase in new HPV infections shortly after sexual debut, confirming HPV as the most common 
sexually transmitted infection among young women.90–93

The natural progression of HPV infection is characterized more by clearance than by persistence, even though it 
occurs frequently. In immunocompetent females, more than 70% of hrHPV infections remain undiagnosed within a year, 
and nearly 90% resolve within two to three years.92–94 Genotypes and age categories exhibit similar clearance trends, 
emphasizing persistence over acquisition frequency as the main factor affecting cancer risk.93

This biological mechanism clarifies why, despite a high prevalence of HPV, aggressive cervical cancer is relatively 
rare in women younger than 25.95 Moreover, histologically confirmed CIN2 lesions in young women and girls frequently 
resolve on their own, showing spontaneous regression rates of nearly 60% within three years, which bolsters conservative 
treatment strategies for this age group.72,87,95,96

Conversely, a small but clinically relevant high-risk subgroup has been identified as a result of repeated findings of 
the same hrHPV genotype over the course of multiple screening cycles. Longitudinal studies have shown that persistence 
of hrHPV, particularly for the hrHPV type HPV-16 and an increased level of viral load (increased amount of virus 
present), serves as a significant risk factor for progression to CIN2/3 and adenocarcinoma in situ.93,97,98 After five years, 
there are only a limited number of carcinogenic hrHPV infections that will still be detectable; the majority either did not 
progress or resolved.93

Molecular Transition from Productive Infection to Transforming Disease
Most HPV infections go through a productive life cycle at the molecular level, which means that virus genomes persist in 
basal epithelial cells as episomes with a very limited gene expression.13 When the infected cells mature and move to the 
surface of the epithelium, late viral genes are expressed, new virions are made, and infectious particles are released 
without the bacteria being integrated into the host genome.73,86 Typically, these kinds of infections are self-limiting and 
clinically silent.

The development of cervical cancer is associated with persistent hrHPV infection progressing from the early phases to 
the later stages of viral carcinogenesis, characterized by uncontrolled overexpression of the virus oncogenes E6 and 
E7.72,84,99 E6 promotes the degradation of the p53 tumor suppressor protein, preventing the induction of DNA damage 
response and apoptosis by E7 and p53.13,72 E7 binds to the retinoblastoma protein and releases E2F factors, causing 
unscheduled activation of cell-cycle progression.100,101 The combined effect of these two events disrupts normal cell- 
cycle regulation, leading to a greater chance of genetic instability and subsequent development of oncogenic changes.

The molecular mechanisms described correlate with the progression of high-grade squamous intraepithelial lesions 
(HSIL/CIN2-3) and their cellular morphology.13,102 Increased expression of p16INK4a combined with Ki-67 provides an 
excellent biomarker profile for distinguishing between transforming lesions and transient infections.103–105 Without 
intervention, many high-grade lesions will develop into invasive carcinoma over a period of years. The type of HPV 
is a large determining factor in the rate at which a high-grade lesion will progress to an invasive carcinoma, with HPV16 
being the largest factor.93

Modifiers of Persistence and Progression
The host and environmental factors impact the risk of hrHPV cervical cancer infection. And these factors are mainly 
smoking, high parity, long-term use of hormonal contraceptives, and early sexual debut, which each slightly increase the 
risk of progression.84,106 Immunosuppression is a modulator that becomes particularly important, especially when 
considering the fact that women with HIV have higher rates of HPV, more frequent infections with multiple types, 
and quicker progression to CIN3 and invasive cancer.13,72,107

The findings related to biological research are the foundation of strategies for preventing the disease. Young women 
tend to have higher rates of the spontaneous clearing of the virus from their systems and very low rates of cancer. 
Therefore, the recommendation is to delay initiating screening in an effort to decrease the likelihood of overdiagnosis and 
treatment.106 However, in mid to late life, when cancer is often more prevalent, and the presence of hrHPV is an indicator 
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of prolonged infection, HPV-based screening has the ability to accurately assess a woman’s risk for developing cervical 
cancer. As such, it is a preferred method of identifying women who may be at high risk for significant cancer.84,93

Cervical Cancer Prevention – Primary and Secondary
Cervical cancer prevention is a twofold method of primary and secondary prevention, which is directed to both the 
avoidance of HPV infection and the early detection and treatment of HPV-related precancerous lesions.108 Taking into 
account the long-time interval between HPV infection and cancer tumor, the continuity of both strategies is the 
requirement for effective prevention.6,109,110

Primary Prevention
HPV Vaccination
The HPV vaccination is the primary prevention method and is recognized as a major intervention for cancer prevention 
that can save lives.109,111 Since the HPV infection is defined as the major cause of cervical cancers, the HPV vaccination 
is the most effective way to prevent HPV infection and subsequent HPV-related diseases. The global prevalence of HPV 
among women aged over 30 years is estimated to be about 11.7%, with the highest prevalence in sub-Saharan Africa 
(24%) and differing national prevalence (2%-42%).7,112,113 The highest infection rates occur among women under 25 
years, where the HPV prevalence might come close to 25%, which indicates that the virus is mainly transmitted through 
sexual intercourse after the beginning of sexual relations.114 Thus, the best time for vaccination is before the start of 
sexual activity, the main target group being girls aged 9–15 years.7,111

Currently, since 2006, HPV vaccines have been approved globally by the WHO.7,115,116 In a number of regions, 
especially in Europe, North America, and Australia, the vaccines that are most frequently used are Cervarix (bivalent), 
Gardasil (quadrivalent), and Gardasil-9 (nonavalent).7,117

The bivalent vaccine (Cervarix, Cecolin) is designed to prevent HPV-16 and −18 infections and has been found to 
provide some level of protection for HPV types 31 and 45 with good immunogenic response.7,118 The quadrivalent 
vaccine (Gardasil), in addition to HPV-16 and −18, protects against HPV-6 and −11, which are responsible for genital 
warts.119 The nonavalent vaccine (Gardasil-9), apart from the types for which the previous vaccines offer protection, the 
types include in the vaccine are now HPV-31, −33, −45, −52, and −58, and thus almost total protection against cervical 
precancerous lesions caused by the genotypes covered in the vaccine is ensured.7,120

The WHO, along with the different authorities at regional and national levels, recommends routine HPV vaccination 
for girls and boys between the ages of 9–15 years, usually administered in one or two doses, and catch-up vaccination for 
older adolescents and young adults utilizing two- or three-dose regimens.7,116,121,122 Those at higher risk, including HIV- 
positive individuals and the immunocompromised, are advised to receive two or three doses to make sure enough 
protection is provided.116

There is evidence that the vaccination against HPV can significantly reduce the incidence of diseases related to HPV, 
which are represented by the six types of cancer (cervical, anal, oropharyngeal, vulvar, vaginal, and penile) that HPV 
causes.120,122 Furthermore, large cohort studies demonstrated that HPV vaccination not only prevents the prevalence of 
serious cervical dysplasia (CIN2+), but also eliminates the risk of genital warts and non-oncogenic HPV strains.123,124 In 
Sweden, a follow-up study of more than 1.6 million women found an 88% reduction in cervical cancer among those 
vaccinated before the age of 17.4

Even though the vaccine’s safety and effectiveness have been widely accepted, the global vaccine coverage is still 
very low. By the year 2023, only about 27% of the world’s adolescent girls had received at least one dose of the HPV 
vaccine, and even fewer than 15% are fully vaccinated worldwide.125,126 The situation is even worse in the case of boys, 
with only about 4% of them being fully vaccinated in 2019.120

There are many reasons that contribute to low vaccination rates, like lack of knowledge, high cost, limited 
availability, and hesitation to take the vaccine, particularly in those regions where there is no gender-neutral vaccination 
policies.98,127 A major factor in resolving these problems will be the improvement of vaccine access, which is very 
important in the case of LMICs that are often unable to meet vaccination targets.128 School vaccination programs have 
been very successful in raising the number of vaccinated people and are evidenced by the case of Malaysia, where 80% 
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of 13-year-old girls were vaccinated in only two years.129 Besides, financial rewards, employing nontraditional areas for 
delivery (like pharmacies and public health clinics), along with incorporation into the national cancer prevention 
program, can boost the uptake of vaccines and simultaneously save costs.130,131

In the fight for global fairness and equal vaccination opportunities, the Global Alliance for Vaccines and 
Immunization (GAVI) plays a vital role in guaranteeing lower vaccine prices and thus better access in the less developed 
countries.132

Education and Behavioral Interventions
Education campaigns on HPV knowledge and awareness support vaccination programs and protect against vaccine 
hesitancy related to HPV.109 Research consistently shows that people with lower levels of educational attainment are less 
likely to be aware of HPV and less likely to be vaccinated.133 There is evidence that integrating HPV education into 
schools, community initiatives, and mass media campaigns improves knowledge about HPV, perceptions of the disease, 
and willingness to be vaccinated.134,135

Peer-led education, storytelling techniques, and multimedia initiatives have produced positive outcomes for 
adolescents.136,137 Participation by medical professionals and local community leaders, including opinion leaders, 
enhances the success of education programs, especially in underserved communities.3,138

Moreover, the combination of educational and vaccine promotion, along with behavioral interventions, could 
effectively cut HPV transmission rates. Early onset of sexual activity, having multiple sex partners, or engaging in non- 
exclusive sexual relations are identified as increased risks for HPV infection, and men who engage in sexual contact with 
men are significantly more prone to higher HPV infection than their peers.139,140 Barrier methods are not completely 
effective against HPV transmission; nevertheless, regular condom and dental dam use significantly reduces the risk of 
infection.141,142 Male circumcision has been associated with both lower HPV rates and faster viral clearance, which has 
implications for both men and their female partners.143,144

Secondary Prevention: Cervical Screening and Its Modalities
Secondary prevention aims at preventing invasive cervical cancer by the early detection and treatment of precancerous 
lesions associated with HPV infection.72,109,145 The HPV vaccination program has expanded, but screening tests remain 
essential for reducing cervical cancer rates, particularly in countries with low- and middle-income, which do not have 
a national HPV vaccination program and account for most cervical cancer deaths.35,72 Screening programs help 
healthcare providers to detect precancerous conditions, which allow them to initiate required medical treatment and 
prevent further invasive cervical cancer development. The transition of screening methods from cytology-based techni
ques to HPV-based testing occurred due to the low sensitivity of cytological tests and the higher sensitivity of HPV 
testing.

The Papanicolaou test (Pap test) served as the primary screening technique from the 1950s until HPV testing started 
to replace it in the mid-2000s.72,146,147 The current methods use three techniques, which include the Pap test for cytology, 
visual inspection with acetic acid (VIA), and HPV testing methods such as HPV-DNA analysis and genotyping and self- 
collection (Figure 2). HPV-focused approaches have gained more significance because they are instrumental in detecting 
high-risk infections.15,72,148 Moreover, recently, the WHO identified self-sampling for HPV testing as a successful 
method that improves participation rates among groups who fail to obtain proper screening.149

Most screening programs target women, and routine HPV screening has no established procedures to screen men, but 
there exist ongoing discussions about targeted approaches for high-risk groups (eg, men who have sex with 
men)109,150,151 The regional differences in screening protocols exist because they reflect the health system resources 
and national health system capabilities, which LMIC countries need for their implementation.109

Global Differences in Cervical Cancer Screening Approaches
Cervical cancer screening strategies and approaches vary greatly across different regions, driven mainly by the healthcare 
resources, infrastructure, and public health regulations available in each area (Tables 1 and 2). In countries of North 
America and Australia, HPV testing has become the preferred primary screening method due to its excellent sensitivity 
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(92–98%).152–155 These regions generally propose HPV screening every 5 years or cytology-based screening every 3 
years.153–155 The American Cancer Society and the National Cancer Institute recommend starting the screening at 25 
years of age, performing HPV testing every five years until 65 years of age.153–155

Figure 2 Cervical cancer screening modalities.

Table 1 Global Cervical Cancer Screening Strategies

Region Primary Screening Method Target Age 
Group

Screening 
Interval

Sensitivity 
(CIN2+)

Specificity 
(CIN2+)

North America (USA 

and Canada)

Primary hrHPV (preferred); Co- 

testing or Cytology (acceptable)

25-65 yearsa 5 years (HPV 

testing); 3 years 

(cytology)

92-96% (HPV 

testing)

85-88% (HPV 

testing)

Australia and New 

Zeeland

Primary hrHPV (universal self- 

collection option)

25-74 years 5 years 94% (HPV testing) 88% (HPV 

testing)

Western Europe (UK 

and Northern Europe)

Primary hrHPV (organized 

programs)

25/30-65 years 5 years (some 10 

years if HPV 
negative)

93-95% (HPV 

testing)

86-90% (HPV 

testing)

Sub-Saharan Africa hrHPV (Preferred); VIA 
(Common alternative)

30-49 yearsb 5-10 years (HPV); 3 
years (VIA)

85-90% (HPV 
testing); 55–70% 

(VIA)

80-85% (HPV 
testing); 

75–80% (VIA)

Latin America hrHPV (Transitioning); Cytology 

or VIA

25/30-65 years 5 years (HPV); 3 

years (cytology)

88-92% (HPV 

testing)

85-87% (HPV 

testing)

Asia (China, India, 

Southeast Asia)

hrHPV (Urban); VIA/Cytology 

(Rural)

30-64 years 5 years (HPV); 3 

years (cytology/VIA)

90% (HPV 

testing); 60% 
(VIA)

87% (HPV 

testing); 
80% (VIA)

(Continued)
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In contrast, many low-resource areas, such as Sub-Saharan Africa are relying on the less sensitive methods like VIA, 
which is a low-cost method with moderate performance.159 The WHO states that VIA has a sensitivity of about 60% and 
a specificity of 79% compared with HPV testing, which achieves 98% sensitivity and 85% specificity.15

The gap mentioned above emphasizes the challenges of using the same screening protocols throughout different 
regions. Regions with better healthcare facilities usually opt for hrHPV testing-based initiatives, while in Eastern Europe 
and some parts of Asia, the old practice of mixing cytology with VIA is still going on due to limitations in 
infrastructure.160–162 Besides, HPV testing has been proven to be effective which also supports its role in triage 
approaches and therefore its use in these areas, reflecting the growing global consensus on the advantages of HPV- 
based screening.163

The differences in the cervical cancer screening methods across the globe reflect the need for tailored regional 
approaches to the prevention of cancer worldwide (Table 2).

International Guideline Recommendations Shaping Cervical Screening Strategies
Global standards show that various countries have developed distinct approaches to screening for cervical cancer (Table 1 
and Table 2). The widespread agreement states that primary high-risk HPV testing offers superior sensitivity and longer 
protection to patients compared to cytology testing, which makes it the preferred screening method used in various 
medical settings.15,153–155,157

The WHO guideline suggests using HPV DNA testing as the main screening approach that allows for cytology or 
VIA to be used in cases where molecular testing cannot be performed according to the existing test conditions in multiple 
LMICs. The WHO recommends that all women begin screening at age 30, but the organization recommends that women 
with HIV should receive screening before this age.15 The ASCO recommendations provide increased flexibility through 
its resource-stratified framework, which recommends different age groups and time periods together with triage methods 
that depend on health system capabilities.156

High-income regions use their guidelines to establish HPV-based screening as their main screening method. The ACS 
recommends that women begin screening at 25 years old, when they need to undergo primary HPV testing every five 
years, and should use cytology testing only when they cannot get HPV tests.154 The U.S. Preventive Services Task Force 
(USPSTF) recommends that women between 21 and 29 years old should use cytology testing, while they allow women 
aged 30 to 65 to select between HPV testing and cytology or co-testing, with longer intervals recommended for HPV- 
based testing methods.153 The European Commission and JRC in Europe support HPV testing as the primary screening 
method for organized population-based programs, while they recommend against establishing new programs that use 
cytology or co-testing, thus demonstrating a systemic shift toward HPV-based preventive measures.157 The European 
Society of Gynaecological Oncology (ESGO) expert statement supports these views by recommending a transition to 

Table 1 (Continued). 

Region Primary Screening Method Target Age 
Group

Screening 
Interval

Sensitivity 
(CIN2+)

Specificity 
(CIN2+)

Middle East (MENA) Cytology or Co-testing 
(increasingly HPV)

25/30-65 years 3 years (cytology); 5 
years (Co-test)

70-75% 
(cytology); 95% 

(co-testing)

94-96% 
(cytology); 82% 

(co-testing)

Eastern Europe Cytology (primary); HPV testing 

(introduced in some countries)

30-65 years 3-5 years 70-80% (cytology) 93-95% 

(cytology)

Global (Low-resource 

settings)

Visual inspection with acetic acid 

(VIA)

25-49 years 3 years 60% (VIA) 80% (VIA)

Notes: a ACS (2020/2025) starts at 25; USPSTF recommends Pap from 21–29 and HPV/co-testing from 30–65. b Women living with HIV start at age 25 and are screened 
every 3–5 years. 
Abbreviations: HPV, human papillomavirus; MENA, Middle East and North Africa; VIA, Visual inspection with acetic acid.
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Table 2 Summary of Global Cervical Cancer Screening Guidelines

Guideline Recommended Screening Test (Average Risk 
Women)

Starting Age Screening Interval Special Populations

WHO15 Primary HPV DNA testing preferred; if HPV testing is 

not available, cytology or VIA may be used as 

alternatives depending on setting

30 years (general population) Every 5–10 years (HPV DNA), 

depending on program 

strategy; alternatives can be 
more frequent

Women living with HIV: 

HPV DNA in a screening/triage/treatment approach 

starting at 25, repeat every 3–5 years

ACS154 Primary HPV test (preferred). If not available: co-testing 
(HPV + Pap test) or Pap test alone

25 years HPV test every 5 years 
(preferred); Pap test every 3 

years acceptable

Applies to average risk; exceptions for prior cervical 
cancer/CIN2+, immunocompromise, DES exposure

USPSTF153 Ages 21–29: Pap test only. 

Ages 30–65: HPV test, Pap test, or co-testing all 

acceptable options

21 years (cytology begins) Pap every 3 years (21–29); Pap 

every 3 years OR HPV/co-test 

every 5 years (30–65)

Do not screen <21 (harms outweigh benefits). Stop 

after 65 if adequately screened. Continue screening if 

prior screening is inadequate or high-risk (eg, CIN2+, 
immunocompromised, DES exposure)

ASCCP106 Supports transition to primary HPV screening (ACS 

direction) and endorses USPSTF 2018 screening 

strategies; recognizes co-testing/cytology remains in use 
where primary HPV testing access is limited

25-65 years (supports ACS 

approach) and acknowledges 

USPSTF age bands (cytology 
21–29; options 30–65)

Supports longer intervals: 

primary HPV every 5 years 

(ACS/USPSTF options), 
cytology every 3 years, where 

used

Emphasizes improving screening for underscreened/ 

unscreened; notes barriers to adoption and equity 

considerations. ASCCP is also the key source for 
management/follow-up after abnormal results.

ASCO156 HPV DNA testing recommended in all settings. In basic 

settings, VIA may be used

Depends on resource level:
● Maximal: 25–65 years
● Enhanced: 30–65 years
● Limited: 30–49 years
● Basic: 30–49 years

Depends on resource level:
● Maximal: every 5 years
● Enhanced: every 5 years 

(then every 10 years after 

two negative tests)
● Limited: every 10 years
● Basic: 1–3 times per lifetime

Women living with HIV: screen with HPV testing after 

diagnosis and twice as many times per lifetime as the 

general population.Postpartum: screen at 6 weeks (basic 
settings) or 6 months (other settings).

(Continued)
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Table 2 (Continued). 

Guideline Recommended Screening Test (Average Risk 
Women)

Starting Age Screening Interval Special Populations

European 

Commission157

HPV detection test for primary screening in organized 

population-based programs; recommends not using 

cytology or co-testing for primary screening in the 
specified age group

EC-CvC (2025):
● No screening <25
● HPV primary screening 

recommended for 30–50
● Continue screening until 

64
● Do not continue routine 

screening ≥65 (except 

unscreened)
● Cytology/co-testing dis

couraged for new programs

Strong recommendation to use HPV testing instead of 

cytology for ages 25–29. Existing cytology programs 

should transition to HPV-based screening. Requires 
effective triage to reduce harm

ESGO158 Supports shift to primary HPV-based screening; co- 

testing generally discouraged; emphasizes validated HPV 
assays and cytology triage of HPV-positive results.

Screening before 25 is not 

recommended (accepts start 
20–29)

Intervals discussed as 

guideline-based (cytology 3–5 
years, HPV 5–7 years

Focuses on organized screening, triage, cost- 

effectiveness, and self-sampling; best used as “principles/ 
position” alongside EC-CvC recommendations

Abbreviations: DES, diethylstilbestrol; EC-CvC, European Commission Initiative on Cervical Cancer; HPV, human papillomavirus; VIA, visual acetic acid inspection.
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HPV-based screening, which demonstrates the importance of using verified tests and triage procedures and requires 
screening programs to maintain their quality assurance standards.158

Cytology-Based Screening: Papanicolaou Test and Liquid-Based Cytology
The impact of cytology-based screening, especially the Pap test, has been huge in cervical cancer prevention, and it has 
been one of the main reasons for the drop in both cancer incidence and mortality rates in countries with sustained 
implementation.72,96,145,164,165 The process of cervical cytology involves examination of the exfoliated cervical cells 
collected during pelvic exams with the purpose of detecting morphological changes associated with HPV-induced 
epithelial transformation.

The first step in analyzing the collected specimens is performing cervical cytopathology, and this can be done along 
with HPV testing or without it. The Papanicolaou stain is applied, which enhances the details of the nucleus and the 
cytoplasm that are required for diagnostic evaluation, thereby making it easier to see and identify.166,167 Cytology can be 
done by either traditional Pap smears or liquid-based cytology (LBC), both of which rely on microscopic evaluation of 
cellular structure.168 In addition to detecting dysplasia, cytology may also reveal inflammation or the presence of 
infectious agents and, by chance, may detect other gynecologic conditions, such as cervicitis, endometritis, endometrial 
hyperplasia, candidiasis, or trichomoniasis.166

Cervical cells in a classic Pap test are applied directly on a glass slide and then immediately fixed for staining. In 
contrast, liquid-based cytology washes the sampling tool into a vial filled with a preservative solution and afterwards 
prepares a thin, monolayer slide in the laboratory.169,170 Around the mid-1990s, liquid-based cytology was introduced as 
obtained through stepping up traditional cytology, focusing on better diagnostic accuracy and improving specimen 
quality.171 There were various existing commercial LBC platforms by the year 2022, such as ThinPrep, which was FDA- 
approved in 1996, and SurePath, which was FDA-approved in 1999, and these two are actually the most preferred ones in 
high-income settings.

Cytology is a very specific method of detecting high-grade cervical lesions (CIN2+), which generally reaches 
a specificity of more than 95%. However, it still possesses a moderate level of sensitivity. According to meta-analyses 
and guideline summaries, the sensitivities for traditional cytology are approximately 50–70%.96,166,172 The LBC method, 
on the other hand, brings about slight improvements in the quality of specimens and a bit higher sensitivity in some 
studies while maintaining the same specificity. For example, studies that compare cohorts have noticed LBC having 
CIN2+ sensitivities of approximately 75–77%, in contrast to the 70–75% seen with conventional Pap smears, while 
specificity for both techniques remain almost at 98–99%.170,173 However, both randomized and observational studies 
have shown different results and the overall variations in diagnostic accuracy between traditional cytology and LBC are 
generally very small, particularly with respect to high-grade lesions.174,175

Since a single cytology test can miss quite a few precancerous lesions, cytology-based screening methods have to 
conduct several rounds of testing at shorter intervals (generally, once every three years) and have very strong recall and 
follow-up mechanisms for their efficacy to be ensured.176,177 This limitation has been a major factor in the migration to 
the HPV-based screening, as a series of negative HPV tests leads to a risk that is exponentially lower for the long term 
than just a negative cytology result.96,178 Furthermore, the precursors of adenocarcinoma that appear in the endocervical 
canal are more frequently neglected by cytology and colposcopy than squamous precancers, which causes the preventive 
effect of adenocarcinoma to be smaller than that of squamous cell carcinoma.96,178,179

The LBC method has one of the most significant technical benefits that it can keep the remaining cellular material for 
further or secondary tests, including HPV high-risk screening, sexually transmitted infections, or cytology repeating 
without the need for an additional sample collection.170,179 This characteristic has rendered it feasible to have cytology as 
a part of the current screening techniques. On the downside, LBC is still costlier than the traditional method of cytology, 
thus it requires a higher capital investment and has a higher operating cost per test, which is a limiting factor for its use in 
developing countries with less money.102,170

Overall, cytology-based screening, primarily liquid-based cytology, has improved specimen quality and enabled more 
flexible diagnostic procedures. However, its moderate sensitivity to high-grade lesions has led to a slow re-evaluation of 
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cytology’s part in cervical cancer prevention strategies. In many modern guidelines, cytology is often deployed as a triage 
test post-positive HPV screening rather than being the primary screening method.96,166

Visual Inspection of the Uterine Cervix
Visual inspection with acetic acid has been used in resource-poor settings due to the fact that it requires minimal 
laboratory infrastructure and also grants instant clinical response including screening and treating.10,180 VIA generally 
involves putting about 5% acetic acid on the cervix and, after one minute, roughly judging the transformation zone as 
VIA-negative (no or very few acetowhite change) or VIA-positive (bright, thick acetowhite lesions bordering the 
squamocolumnar junction) according to established pictorial guidelines.181 This quickness can reduce the number of 
patients lost to follow-up in comparison with multi-visit strategies that depend on laboratory processing times and recall 
systems.182,183

Strong evidence exists indicating that the VIA procedure can be a major primary screening method or, in more 
instances, a second-line test after HPV-positive results, but its efficacy is largely reliant on concrete situation, the extent 
and proficiency of training given and the endpoint projected (CIN1+ versus CIN2+/CIN3+).181,184

The VIA method is one of the main techniques currently in use that helps in the processing of HPV-positive women in 
order to shade the referral loads when the availability of colposcopy is limited or when the biomarkers are not so 
stable.159,172,182 In the large-scale multi-country ESTAMPA project with HPV-positive women as participants, the VIA 
method of triaging detected 84.5% of cases with CIN3+ overall (277/328), and the sensitivity reached 85.9% in women 
younger than 50 years, but it dropped to 78% in older women, while the specificity was the same for those older 
women.181 The primary outcome of the ESTAMPA study was that VIA triage reduced off-the-referral/treatment flow by 
putting close to half of the HPV-positive women in the VIA-negative category, but, on the other hand, it still did not 
detect some cancers, thereby emphasizing the need for escalation protocols in cases of suspected cancers and follow-up 
after negative VIA results in HPV-positive women.181

The VIA method has a major disadvantage that is its dependence on operators and the inherent variability in the 
process, which might lead to loss of reproducibility and give rise to false positives and the use of unnecessary treatments 
in case the training and quality assurance are not done properly.180,181 In the case of ESTAMPA, huge examiner-level 
variances were measured (CIN3+ sensitivity of about 25%-95% and specificity of roughly 45%-94%) and linked to better 
performance due to intense training, high number of exams, plus ongoing supervision/feedback.181 The above evidence is 
in line with the implementation literature that emphasizes the need for professional education, supervision, and structured 
digital support as key drivers for expanding the reach of VIA techniques.185,186

VIA is the method that is mainly emphasized to determine the eligibility of patients for ablative therapy procedures 
during screening and treating strategies. The method is the most accurate among the screening methods; however, its 
accuracy can be limited in older women who may have transformation zones that are either completely or partially 
visible. Hence, it is mostly recommended that women over 50 be triaged through means other than VIA.6,181 In general, 
the current guidelines seem to progressively accept the introduction of the HPV test as the primary screening test, while 
VIA continues to be a reasonable, context-sensitive approach, most legitimized as a second step in HPV-based screening 
or as a temporary measure where molecular testing and follow-up systems are not yet in place.96,181

HPV-Based Screening and HPV Genotyping (Primary HPV Testing, Co-Testing, Triage)
HPV screening directly determines the presence of high-risk HPV infections, and thus, it is more precise in focusing on 
the primary cause of cervical cancer than morphology-based cytology.96,187 Numerous randomized trials and meta- 
analyses show that hrHPV testing is much more sensitive than cytology in detecting CIN2+ and CIN3+, while a negative 
HPV test implies a very low long-term risk for cervical precancer and cancer.96,184,188,189 These risk parameters warrant 
prolongation of the screening interval (≥5 years) following HPV-negative results and direct the transition to HPV-based 
primary screening in worldwide guidelines.6,110,166

The majority of the HPV tests that are currently available use PCR-based amplification of the target DNA to identify 
the DNA (or rarely, E6/E7 mRNA) of the high-risk HPV types that are responsible for the cancer, usually consisting of 
the 12 group 1 hrHPV genotypes (HPV-16, −18, −31, −33, −35, −39, −45, −51, −52, −56, −58, −59), while there are also 
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some tests that detect HPV66 and HPV68 as well.190–192 However, there are also tests that target the L1 gene and have 
very high analytical sensitivity, and the extensive validation studies show that such tests have 90–95% sensitivity for 
detecting CIN2+ lesions, along with the specificity that is acceptable for the screening populations that are 30 years old 
and older.193,194

HPV genotyping segregates infections caused by HPV16 and HPV18, which are responsible for nearly 70% of 
invasive cervical cancers, from those caused by other hrHPV types, thus giving a clinically relevant risk 
stratification.93,195 Risk-based screening protocols depend on genotype-specific results to determine the next step in 
dealing with the condition: usually, women who test positive for HPV-16 and/or HPV-18 are sent directly to colposcopy, 
whereas those positive for other hrHPV types are either re-tested or subjected to further molecular or cytological 
triage.96,106 Evidence from programmatic data suggests that the use of targeted HPV genotyping can improve clinical 
management; the main reason being that it can lead to immediate colposcopy or quick treatment for those with the 
highest short-term risk of progressing to CIN3+, which is a significant advantage for the underrepresented groups that 
usually do not stick to long-term follow-up.196

Due to the fact that nearly all precancers are associated with HPV, the merging of cytology and HPV testing provides 
no more than a slight advantage in most primary screening options, but it also complicates the process and demands more 
resources.96,197 Consequently, cytology is becoming more and more popular as a triage method rather than a first testing 
method in HPV-centered approaches.96,106

The main benefit of HPV genotyping is that it can be done with self-sampling, which makes it easier for women to 
have access to the screening, while the accuracy of the diagnosis is not affected. Many studies have been done through 
meta-analysis, and they suggest that PCR-based HPV detection on self-sampled vaginal specimens has similar sensitivity 
for CIN2+ detection as clinician-collected cervical specimens (pooled sensitivity ratio ≈ 0.99), with only a minor drop in 
specificity (2–4%).39 The HPValidate study proved that DNA-based methods (like Evalyn brush or FLOQSwab with 
Cobas assays) keep strong HPV16/18 genotype identification and get relative sensitivities of 0.90–0.94 for CIN2+.198 

Studies on automated systems like Cobas 4800/6800 confirm having sensitivity of ≥93% and specificity of >92% for 
CIN2+ in women aged ≥30, while self-collected and clinician-collected samples show high agreement in genotype (κ ≈ 
0.80–0.92).194,199

HPV genotyping is a very sensitive primary screening method that also provides risk assessment, supports longer 
screening intervals, and enables reliable self-sampling. These traits make HPV-based screening, augmented by genotype- 
specific triage, the leading technique in contemporary cervical cancer prevention strategies, particularly in settings that 
aim to improve coverage without reducing clinical effectiveness.6,96

Self-Sampling in HPV-Based Cervical Cancer Screening
One of the main strategies employed to increase participation in cervical cancer screening among the underserved and 
hard-to-reach groups is self-sampling for HPV testing.200 This strategy allows women to take their samples in the 
comfort of their homes and to avoid issues related to the invasiveness and discomfort that are often associated with 
clinician-collected specimens. The evidence in support of the self-sampling’s effectiveness and acceptability has been 
extremely convincing, with a vast number of systematic reviews and randomized trials indicating its potential to increase 
screening rates significantly.39,200

HPV self-sampling is a method that is very effective in identifying the high-risk HPV types. These types are 
important for recognizing women with a higher chance of developing cervical cancer. Research indicates that the 
sensitivity of the HPV testing on the self-collected samples is equal to that of the samples collected by the clinician, 
if validated PCR-based assays are employed.39,200,201 This equal diagnostic performance, together with the simplicity of 
use, makes self-sampling an appealing option to the conventional screening methods. The most significant thing is that 
the detection of HPV infection through self-sampling brings forth the scenario for earlier intervention and better 
outcomes, as the persistent infection with high-risk HPV types is the major predictor of cervical precancer and 
cancer.201,202

One of the primary advantages of self-sampling is that it leads to an increase in screening participation, particularly 
among women who have not been attending regular screening services.203 Researchers have established that self- 
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sampling almost doubles the participation in screening of women when compared with the clinician-based sampling 
method.200 The impact of HPV self-sampling is most discernible among the under-screened and never-screened women, 
who are typically very difficult to engage in cervical cancer control.39,204 Self-collection resolutions tackle a number of 
screening barriers, ie., logistical issues, costs, and fears of losing one’s privacy or being uncomfortable during the 
medical examination.197

Sending self-sampling kits directly to women’s homes has been proven as a very effective strategy to increase 
participation, particularly in areas where resources are limited or among populations with restricted access to health 
care.200,201 By enabling people to do the test themselves and mail the samples for receiving the results, this system not 
only expands the coverage but also reduces the burden on health care facilities.96

Self-collection has been widely accepted by women, with research consistently indicating high satisfaction rates. The 
majority of women preferred self-sampling over the sampling done by health professionals, which showed the extra 
comfort and privacy it brings. Acceptance was seen to be high among different groups, such as women living in both 
wealthy and poor communities, and also in rural and urban areas.205,206 Most notably, the method has been able to gain 
good acceptance among women from different classes and cultures, including those who have always been left out of the 
screenings for cervical cancer.207,208

Studies show that women who had not been attending the screening before were the most likely to accept the self- 
sampling method, and this is due to the autonomy and comfort it provides. This trend shows the importance of self- 
sampling as a tool to cover the lack of access to screening, particularly in groups that are in difficulties in getting 
traditional screening methods.209,210

Self-sampling when used in structured screening programs could lead to increased overall participation in the 
screenings and consequently more cases detected early. Self-sampling has been recognized by the WHO as a method 
incorporated into the worldwide campaigns to eradicate cervical cancer, thereby admitting its role in the screening rates 
and impact of cervical cancer lessening.6 Furthermore, self-sampling can easily become part of the national screening 
programs, thus being a major player in the realization of the WHO’s 90–70-90 goals in the area of cervical cancer 
prevention.201

HPV self-sampling also has a drawback in the accuracy of diagnosis that might differ based on the user factors, self- 
sampling kits used and test/method applied for HPV identification.201,202 Also, while self-sampling increases participa
tion in screenings, follow-ups after positive outcomes are not consistent.

To obtain the full advantages of self-sampling, it is essential to offer proper guidance and educational resources that 
will help women to carry out the test the right way. The use of clear communication and effective outreach programs will 
not only raise awareness but also increase the participation level.96 Moreover, supplying pre-paid and pre-addressed 
envelopes for the return of samples can be a significant factor in minimizing the logistical problems.201

Nevertheless, the method’s limitation still exists in the form of cultural acceptance, and people from different 
backgrounds need to be properly addressed and given the right information. Women’s viewpoint on self-sampling may 
be largely affected by cultural and social circumstances, hence, the need to take these factors into account when planning 
screenings.197,201

Self-sampling is an essential aspect that should be included in a more comprehensive approach consisting of follow- 
up care for patients who are diagnosed with high-risk HPV. Providing sufficient follow-up care, which may include 
colposcopy or treatment for the precancerous lesions, is one of the main conditions for the success of the screening 
programs.211,212

Self-HPV sampling ensures that those at risk of getting cervical cancer receive the advantage of screening on their 
own, particularly those who are hard to reach by screening programs. Gradually, with the incorporation of self-sampling 
into the global screening programs, the incidence and mortality associated with cervical cancer will be eradicated.6,200,201

The suggested framework for implementing HPV self-sampling should be tailored according to the specifics of social/ 
cultural environment of country, the health care system, and screening coverage. For instance, in high-income countries 
with well-established screening programs and laboratory capacities, self-sampling can be implemented as part of 
population-based cervical cancer screening programs using mailed samples, digital applications, and HPV testing 
pathways. These measures can enhance participation rates in underserved populations such as rural areas, migrants, 
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and underscreened women.201,203,213 In contrast, in LMICs, self-sampling should be implemented in a community-based 
manner involving primary health care centers and community outreach programs. Both types of implementation frame
works should ensure that self-sampling is accessible and affordable, culturally sensitive education is provided, linkage-to- 
care systems for HPV-positive women are developed, and quality assurance measures are in place.203,213 Further practical 
priorities should include assessment of long-term clinical efficacy, cost-effectiveness, implementation feasibility in 
various health care systems, acceptability by different target populations, and implementation of digital applications in 
facilitating screening processes.

Factors Affecting Cervical Cancer Screening Coverage
The cervical cancer screening rates remain very low despite the availability of effective screening methods (Figure 3). 
Evidence from LMICs shows that screening uptake depends on multiple personal and sociocultural and health-system 
factors rather than a single determinant.214–216

Screening participation faces a significant obstacle because people lack basic knowledge about the screening process. 
Women who do not have symptoms of a medical condition fail to understand the need for screening tests, which work to 
prevent future health problems.217,218 Across African and Asian settings, limited awareness has consistently been linked 
to decreased usage of screening services.219 In contrast, higher education is strongly associated with participation. 
A meta-analysis from Ethiopia proved that women with high knowledge levels had three times greater screening 
participation rates, and similar patterns have been observed in LMICs following health education and awareness 
interventions.220,221 Crucially, knowledge by itself might not be adequate to achieve useful results because people 
need to recognize knowledge as important for their personal lives.218

Figure 3 Multilevel factors influencing cervical cancer screening uptake.
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Screening behavior is influenced by people’s attitudes and their psychological evaluation of the situation. Women 
who have positive attitudes about early cancer screening benefits and screening effectiveness are more likely to take part 
in screening programs.222 Also, women who support screening programs display much higher participation rates because 
positive attitudes toward screening programs lead to multiple times more involvement in screening programs.223 At the 
same time, fear of experiencing pain, their desire to avoid embarrassment and anxiety about potential results can 
discourage participation.224 The fear of cancer diagnosis becomes more pronounced in settings that associate cancer 
with a high likelihood of death.218 The meta-analytic results show that perceived vulnerability, together with severity 
increase screening participation.220

Sociodemographic factors also influence screening participation. The main focus of screening programs targets 
women who are between 30 and 49 years because this age group shows higher uptake of screening tests.219,225 The 
educational level of women acts as a primary indicator because women who have not completed formal schooling show 
lower participation rates, which results from their limited health literacy and limited access to information.220,221 Urban 
residents tend to show higher uptake because they have better access to services and greater exposure to information, 
although the degree of this relationship varies with different situations.217 The sociodemographic patterns show different 
results in various contexts because the local healthcare system capabilities and outreach strategies determine their 
distribution.

One important factor is still the accessibility of the health system. The three main obstacles that people face in 
accessing medical facilities include distance to facilities, transportation issues, and travel duration.218,226 The service 
organization also has a significant impact. The restricted screening locations, along with the extended wait times and the 
unpredictable service times, create obstacles that prevent people from participating in the screening.225 Provider 
recommendation acts as a crucial element because women who receive advice from healthcare professionals demonstrate 
higher screening participation rates.221 Programs that incorporate a combination of reminder outreach activities and 
community-based screening methods in screening programs lead to improved program participation because these factors 
demonstrate the impact of system-wide design.214

Economic constraints add another layer of barriers because screening services depend on their budget subsidies. 
People face difficulties in participating because of transportation expenses and indirect costs and lost work time.226,227 

The existing limitations create greater disadvantages for rural and low-income communities, which leads to increased 
screening access disparities.218

Social and cultural norms also influence screening behavior. Women make their healthcare decisions based on their 
partner’s permission in specific situations.228 The anxiety about how people will judge them, together with the stigma of 
reproductive health check-ups, prevents people from participating in these activities.224 Conversely, peer communications 
and community discussions can facilitate uptake. Women who participate in community screening discussions tend to 
increase their screening activities at their local health facilities.213,226–231 Community mobilization campaigns, together 
with media exposure campaigns, lead to positive results which promote their usage of services.221

Conclusion
Cervical cancer remains a major public health concern globally, with marked differences in incidence and mortality rates 
between high-income and low- and middle-income countries. Despite the success of HPV vaccination programs and 
screening initiatives in decreasing disease burden in several countries, poor uptake of cervical cancer screening programs, 
especially among women in rural and socioeconomically disadvantaged populations, continues to pose a challenge. The 
introduction of HPV testing as a part of cervical cancer screening, including self-sampling methods, can potentially be 
a positive step towards making cervical cancer prevention more effective and efficient, thus, its success can be boosted. 
Evidence from multiple studies has demonstrated that self-sampling has proven to be very effective by improving 
screening uptake, especially among previously underscreened populations. In countries where the cervical cancer rate is 
still high, integrating HPV self-sampling into the national screening program could solve the problem of limited access 
and increase the number of early detections. In the future, the combination of vaccination, HPV-focused screening, and 
innovative methods such as self-sampling will drastically reduce the number of cervical cancer deaths, thus facilitating 
global efforts to reach the World Health Organization’s 90–70-90 goal for eradication.
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