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SUMMARY 

INTRODUCTION :We can estimated that there are nearly 45 million deaths from cervical 

cancer and other HPV-related cancers worldwide, all of which could be prevented if a sufficient 

preventive measures for HPV screening and vaccination can be implemented.  

OBJECTIVES  :The aim of the present habilitiation thesis is to present a synthesis of the 

research work that I have published on the subject of HPV vaccination and HPV screening. 

RESULTS AND DISCUSSION :Study 1 aimed to assess the coverage of HPV vaccination 

among a group of future health professionals, including midwives and nurses, through using a 

self-sampling technique. The findings here indicated that the prevalence of HPV6/11/16/18 was 

lower in vaccinated women versus unvaccinated women. Study 2 therefore sought to follow on 

by developing an understanding of knowledge and attitudes towards the HPV vaccine for 

healthcare undergraduates (both male and female). The findings indicated a poor understanding 

of the HPV infection and its prevention, which were then further investigated. Study 3 therefore 

focused on identifying the factors hindering or promoting HPV vaccination. Taken together, all 

3 studies indicate that average vaccination rates are closely related to the information provided 

on HPV infection and prevention.Study 4 included a randomized controlled trial which revealed 

that self-sampling is an alternative to conventional cervical cancer screening, by increasing 

participation and adherence to screening. Subsequently, study 5 involved a systematic review 

to investigate the use of self-sampling in Latin America (a country that has high incidence and 

mortality rates relating to cervical cancer). The findings indicate that self-sampling is an 

acceptable screening method amongst Latin American women, being associated with important 

factors such as comfort and privacy.  

CONCLUSION :Taken together, the studies reviewed demonstrate the need to provide 

increased access to key prevention strategies through vaccination and self-screening. There is 

also a clear need to provide information to the vaccine audience, which should be a key focus 

for prevention programmes. These findings can be used to inform public health policy on HPV 

prevention efforts.   
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INTRODUCTION 

 

Cervical cancer is the fourth most common cancer in women worldwide, with approximately 

600,000 new cases diagnosed each year. The majority of cases occur in developing countries, 

where access to preventive measures is often limited(1).Measures to prevent cervical cancer 

include vaccination against Human Papillomavirus (HPV), regular screening tests and safe sex 

practices(2).  

We will begin with a general presentation of HPV viruses, and their epidemiology. Next, I will 

present information on cervical cancer globally and in Switzerland. Additionally, we will 

consider primary and secondary prevention methods in place to eliminate this disease. This will 

introduce the articles summarising my extensive research on this theme for the last five years, 

which make up this Privatdocent thesis. 

Biological characteristics and descriptions of different HPV viruses 

Human Papillomaviruses (HPV) are non-enveloped, icosahedral capsid viruses belonging to 

the Papillomaviridae family. The virus genome is a circular, double-stranded deoxyribonucleic 

acid molecule comprising several open reading frames divided into three regions called the 

early (E), late (L), and upstream regulatory region (URR) or long control region (LCR)(3). 

(Figure 1) 

 

 Figure 1: Electron microscope image of Papillomavirus. Adapted from Dr. Graham Beards 
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Human Papillomaviruses are a set of DNA viruses of the Papillomaviridae family. There are 

more than 200 types, classified according to their tropism and pathogenicity(4).  

 

Thus, two different tropisms can be distinguished in humans: 

 

• HPV with skin tropism; these infect the epithelial cells of the skin. They can cause 

benign tumours such as plantar warts but also promote certain malignant tumours such 

as squamous cell carcinoma (skin cancer). 

 

• HPV with mucosal tropism; these infect the epithelial cells of the genital and oral 

mucous membranes. They are separated into two subgroups: 

o HPV with a low carcinogenic risk (HPV 6 and 11, for example). Infection 

with these viruses can cause the appearance of benign tumours or 

condylomas (genital warts). These can be disabling, requiring long 

treatment and recurring frequently. 

 

o HPV with a high carcinogenic risk is also called oncogenic HPV (HPV 16, 

18, 31, 33, 45, 52, 58, and in particular HPV 16 and 18). They can cause the 

development of precancerous lesions, particularly of the cervix, which can 

develop into cancers after several years or even decades. 

 

• A brief history of HPV : 

The first animal papillomavirus was described in 1933 by Richard Shope, who studied 

papillomas in "warty" wild rabbits, and then the first clinical descriptions of HPV viruses in 

humans date back to the second part of the 20th  century(5). In fact Dr Zur Hausen's first work 

on the role of HPV viruses in cervical cancer dates back to the 1970s, when the majority of 

researchers focused on the involvement of Herpes virus infections or other sexually transmitted 
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infections as a cause of cervical cancer(6). This research shows that HPV 16 and 18 DNA are 

found in the vast majority of biopsy samples of cervical cancer and precancerous lesions. Harald 

zur Hausen subsequently demonstrated that viral infection and expression of the viral gene in 

the infected cell was necessary but not sufficient. Genetic modifications are necessary for the 

tumour transformation of the infected cell(7). They are associated with the expression of HPV 

E6 and E7 proteins, which are considered "high-risk". This results in chromosomal instability, 

mutation accumulation, and the progression of cancerous lesions(8). 

 

Nevertheless, long before Harald zur Hausen's discoveries on the etiology of cervical cancers, 

the Greek cytologist George Nicholas Papanicolaou had developed a screening technique. At a 

conference in 1928, he made a presentation on the possibility of diagnosing cervical cancer by 

means of a vaginal smear(9). However, because he was unable to rely on a sufficient number 

of cases, his work was not appreciated at the time. In 1943 Herbert Frederik Traut 

published  "The Diagnosis of Uterine Cancer by the Vaginal Smear", and in 1944, he 

published "Diagnostic Value of Vaginal Smears in Carcinoma of the Uterus". The Pap smear 

test (Papanicolaou staining) was derived from the work of Georges Nicholas Papanicolaou, 

which immediately led to extensive developments. He is the inventor of the Pap smear test, 

which is used worldwide for the detection and prevention of cancer and other cellular disorders 

of the female reproductive system(10). This particular  screening technique will be detailed 

later. 

 

• Natural history of HPV infections: 

As previously reported, there are more than 200 identified human genotypes of HPV, including 

40 with anogenital tropism(11). They are characterised by narrow host specificity and 

cutaneomucosal epithelial tropism. Transmission is mainly direct (through sexual contact) and 

can also be indirect. Infections are often plurifocal, asymptomatic and recurrent(12). 

  

The clinical aspects are varied: skin warts, condyloma, papillomas, epidermodysplasia 

verruciformis and dysplasia. Some so-called "High Risk (HR)" genotypes are directly 

associated with cancers (of the cervix, anal canal, vulva, oropharynx...); the closest association 
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is that of squamous cell carcinoma of the cervix, which is considered as a viral-induced 

cancer(13). Of the 200 human papillomaviruses described to date, 13 to 15 genotypes of the 

genus alpha, classified as high-risk HPV, are recognised as being the etiological factors for 

cervical cancer(14).  

 

The natural history of HPV HR infection is closely related to that of precancerous and cancerous 

lesions of the cervix. The peak incidence of HPV HR infections, observed for the age group 

15–25 years, precedes that of precancerous lesions, noted a decade later (group 25–35 years), 

which itself precedes the peak incidence of invasive cancers observed 10 years later (group 35–

45 years). HPV HR infections are transient in more than 90% of cases and eliminated in 12 to 

16 months(15) (see figure 2). Only persistent infections are likely to lead to the appearance of 

intraepithelial lesions of the cervix and then invasive cancer. Among HPV HR, HPV 16 and 

HPV 18 persist more than other HPV HR and are associated with a higher risk of cervical 

cancer. The prevalence of these two viruses also increases with the severity of cervical lesions; 

it reaches about 70% for HPV 16 and 19% for HPV 18(16). 

 

 

Figure 2.  Natural history of HPV infection and cervical cancer (adapted from Schiffman and 

Castle). 
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• The cost of cervical cancer worldwide and in Switzerland: 

 

Cervical cancer worldwide: 

It is estimated that there are nearly 45 million deaths from cervical cancer and other HPV-

related cancers worldwide, including vaginal cancer, laryngeal cancer and anal cancer, all of 

which could be prevented if, as recommended by the World Health Organization, its goal of a 

sufficiently high prophylactic HPV vaccination by 2036 could be achieved(17). 

 

Figure 3: Global distribution of cervical cancer incidence and mortality in 2018. (Source 

Lancet Global Health)(17) 
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Cervical cancer in Switzerland: 

Some 250 new cases of uterine cancer and about 5,000 precancerous lesions are diagnosed 

annually in Switzerland (18). Cervical cancer is the fifth most common cancer in the country, 

for women between 20 and 49 years old (Figure 4) (19). Warts and precancerous lesions can be 

removed surgically, andthe earlier the therapy is initiated, the more likely the treatment is to be 

successful. 

 

Figure 4: Number of new cancer cases and deaths in Switzerland between 2017 and 2021. 

(Source Federal Office of Statistics)(19) 

Figure 5 demonstrates that cervical cancer can develop in women from as early as 24 yearsof 

age. Although the mortality rate is low at this age, it is not zero. The incidence of cervical cancer 

increases up to the age of 79 years, then decreases. Mortality, on the other hand, increases 

continuously with age. Half of all cancers of the uterus are diagnosed for women aged  68 years 

and above, and fifty percent of cervical cancer-related deaths are recorded for women aged  78 

years and over (19).  
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Figure 5: Number of new cervical cancer cases and deaths in Switzerland between 2017 and 

2021 by age. (Source Federal Office of Statistics)(19) 

It is important to note that although cervical cancer is a female cancer, the problem of HPV 

infection and this oncological consequence affects both sexes. Indeed, it is often falsely 

believed that HPV and these consequences are solely a female problem(20). Indeed, when we 

think of papillomavirus, we think of cervical cancer. And therefore, it is commonly perceived 

as a public health problem that only affects women. However, the public health threat concerns 

both sexes, and researchers are increasingly identifying this. A meta-analysis published in the 

journal "The Lancet Global Health" shows that globally, nearly a third of males over 15 years 

old are infected with Human Papillomavirus(21). This is not surprising, according to specialists, 

because HPV is the most common sexually transmitted infection in the world, and half of these 

infections affect young people aged between 15 and 24 years old(22). Any adult (man or 

woman) who is sexually active during his or her lifetime will have more than an 80% risk of 

being infected with Human Papilloma Virus at any given time. In most cases, HPV infections 

do not present symptoms and are eliminated naturally by the body. They also do not 

systematically lead to serious diseases(23).  
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The best way to protect against HPV is vaccination; ideally, both girls and boys should get 

vaccinated before they are 15 years old and before their first sexual experience(24). However, 

catch-up vaccination can be offered later as well. This catch-up option is less common among 

men and women over 26 years old, perhaps because the vaccine is expensive (200 Swiss Francs 

per dose, and requires three doses in total) and payable by the person who requests it. 

I will now detail HPV screening and HPV prophylactic vaccination, which are the 2 most 

effective means for preventing HPV infections and, at the same time, avoiding uterine cancers 

(and other HPV-related cancers):  . 

• Cervical cancer prevention: 

 

HPV screening  

HPVs are small, non-enveloped viruses harbouring double-stranded DNA of about 8,000 base 

pairs. The genome comprises an E (early) region encoding early proteins, an L (late) region 

encoding late capsid proteins and a long control region (LCR) controlling the expression and 

replication of the viral genome(25). 

 

The HPV HR-induced neoplastic transformation process is partly related to the integration of 

the viral genome into the host cell genome. This integration follows the cleavage of viral DNA 

in E2 and/or E1(26). As a result, the E2 protein is no longer expressed and no longer performs 

its function as a transcription regulator, and this results in increased expression of the viral 

oncoproteins E6 and E7. Epigenetic mechanisms, and in particular the methylation of viral 

DNA, can also participate in the deregulation of viral protein expression and play a role in the 

progression of HPV-associated diseases. In the end, it is the pleiotropic effects of E6 and 

E7 that lead to the activation of proliferation, an alteration of cell cycle control, immortalisation 

and then transformation of cells(27). 

 

Since the replication cycle of HPVs depends closely on the differentiation of epithelial cells, 

detecting them on cell culture is not easy, and thus, this approach is not used for diagnosis. In 
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fact, HPV detection is essentially based on the detection of their genome and, more recently, 

on the detection of viral transcripts using molecular hybridisation techniques(28). There are 

currently several tests available for detecting HPV, which can detect different HPV spectra 

(High-Risk HPV and Low-Risk HPV). These tests use various detection formats, such as 

combined detection of several HPVs without genotype identification, partial genotyping and 

complete genotyping. Additionally, they detect targets of different natures, such as DNA and 

RNA and implement highly variable detection/revelation methods such as target amplification, 

signal amplification and reverse hybridisation(29). 

 

HPV screening in public health: 

Public health screening for cervical cancer involves detecting an HPV infection to detect 

precancerous lesions and cancer and then treating them appropriately. Screening is carried out 

in women who have no symptoms and who may feel perfectly healthy. When screening detects 

HPV infection or precancerous lesions, these can easily be treated, and cancer can be prevented. 

Screening can detect cancer in its early stages, increasing the chances of successful 

treatment(30). 

The World Health Organization is now encouraging countries to use HPV screening tests for 

cervical cancer screening, including tests based on HPV DNA and mRNA(31). 

• HPV DNA tests detect high-risk HPV strains, which are responsible for almost all 

cervical cancers. 

 

• HPV mRNA-based tests detect HPV infections leading to cell transformation. 

Unlike tests that rely on a visual inspection (VIA/VILI), these HPV screening tests are objective 

tests. They have proven to be simpler, preventing more precancerous lesions and cancers and 

saving more lives. They are also more effective at lower cost than visual inspection techniques 

or cytology (Pap test or vaginal smear)(32). 
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Screening should begin from 30 years of age in the general population of women, with regular 

screening by means of an HPV test validated every 5 to 10 years, and from 25 years of age for 

women living with HIV, who must also be screened more frequently i.e., every 3 to 5 years(33). 

The process of obtaining a cervico-uterine sample by a health professional is similar to that of 

a cytology or an HPV screening test. However, the WHO indicates that self-collection can be 

used to provide samples for HPV DNA-based tests but not for HPV mRNA-based tests. Women 

need appropriate support to feel confident in the process(34). 

Screening must be linked to treatment and management in case of positive screening tests. 

HPV-positive women can be treated without diagnosis verification in places where resources 

are limited.  

HPV vaccination  

• The HPV vaccination worldwide 

The WHO regularly updates its recommendations for the Human Papillomavirus vaccine. To 

summarize their recommendation, it is important to know that a single-dose vaccination 

regimen using the nonavalent vaccine that protects against strains 6, 11, 16, 18, 31, 33, 45, 52, 

and 58 is available as an off-label single-dose alternative. This alternative regimen can offer 

comparable efficacy and duration of protection to the two-dose regimen(35). The single-dose 

alternative regimen was initially recommended in April 2022 by the WHO Independent Expert 

Advisory Group, but these new recommendations are timely, and issued in the very worrying 

context of declining HPV vaccination coverage worldwide(36). In 2019 and 2021, coverage 

with the first dose of the HPV vaccine decreased from 25% to 15%. This means that in 2021, 

3.5 million more girls were unable to benefit from this vaccine than in 2019(37). 

Optimizing the HPV vaccination schedule is expected to improve access to the vaccine, 

providing countries with the opportunity to vaccinate more girls and alleviate the often 

complicated and costly follow-up burden of two-dose vaccination. It is vital that countries 

strengthen their HPV vaccination programmes, accelerate their implementation and reverse the 

decline in vaccination coverage. 

The updated WHO recommendations in 2023 are(36): 
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• One or two-dose regimen for girls aged 9 to 14 years; 

• One or two-dose regimen for girls and young women aged 15 to 20 years; 

• Two-dose regimen administered 6 months apart for women over 21 years old. 

The recommendation stresses the importance of prioritizing vaccination for individuals who are 

immunocompromised or living with HPV. Immunocompromised people should receive at least 

two doses and, where possible, three doses. 

The primary target for vaccination is girls aged 9 to 14 years before the start of sexual activity. 

Vaccination of secondary targets, namely older boys and girls is recommended where practical 

and economically feasible(38). 

The intensification of adolescent vaccination against HPV will have a significant effect on the 

prevention of cervical cancer and related mortality. 

 

As part of its global strategy to eliminate cervical cancer, the World Health Organization has 

set a goal to vaccinate 90% of young girls against papillomavirus before they reach the age of 

15(39).  
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Figure 6: Mapping of countries that have introduced HPV vaccine into their vaccination 

programmes. (Source Lancet)(40) 

 

Although we find the highest incidence density of cervical cancer and the main mortality burden 

on the African continent, Figure 6 clearly shows that Western countries benefit the most from 

HPV vaccination programmes(40). 

• HPV vaccination in Switzerland:  

Since 2008, vaccination against Human Papillomaviruses (HPV) has been recommended in 

Switzerland as a basic vaccination for all girls aged 11 to 14 years. Since 2019, it has been 

possible to use a nonavalent vaccine. The "basic vaccination" category applies to vaccinations 

essential for individual and public health. The introduction of this vaccination aimed to reduce 

the burden of disease associated with cervical cancer. Papillomaviruses can, however, also 
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cause other cancerous diseases and genital warts that affect both sexes(41). In 2015, the Federal 

Commission for Vaccinations (CFV) and the Federal Office of Public Health (FOPH) updated 

their guidelines and now recommend vaccination against HPV for boys and men aged between 

11 and 26 years old. This falls under the "complementary vaccination" category, which 

aims to provide personal protection. For optimal protection, the vaccine should be administered 

before the start of sexual activity. A two-dose regimen is applied to girls and boys between the 

ages of 11 and 14. When vaccination begins at 15 years of age or older, or is administered to 

adolescent girls who have an immune deficiency, a three-dose regimen is recommended(42). 

 

Source (Federal Office of Public Health)(43) 

 

Although vaccination coverage has increased since the introduction of the HPV vaccine in 

Switzerland, it continues to be sub-optimal to prevent the spread of the virus and significantly 

reduce new HPV infections. Indeed, less than 1 in 2 boys in the target population is vaccinated 

against HPV. For girls, the coverage rate increases to 71%, but this rate is still largely 

insufficient (Table 1)(43). 

 

In Switzerland, reaching sufficient HPV vaccination coverage could theoretically prevent 80 to 

180 new cancer cases per year in men and about 300 cases in women(44). 

One of the main obstacles to increasing vaccination coverage, and thus reinforcing its 

effectiveness in the general population, is the reluctance of some people to be vaccinated, linked 
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to a high level of vaccine hesitancy. This phenomenon is particularly prevalent among future 

healthcare professionals (nurses, midwives ....)(45-47). According to the WHO, “vaccine 

hesitancy” can be defined as delaying or refusing a safe vaccination despite its availability. It's 

a complex problem, depending on the circumstances, as well as the time, place and vaccines in 

question. Many factors come into play, including misinformation, complacency, convenience 

and trust. This notion is often used to describe a heterogeneous category of people with varying 

degrees and reasons for indecision about vaccines. This heterogeneity does not, however, 

facilitate research into understanding these phenomena or designing interventions to remedy 

them. We can see that this phenomenon has been amplified since the Covid 19 pandemic and 

the ever-increasing use of social networks as vectors of information and also of false/counter-

information on vaccination(48-50). 

To change this behavior, several behavior change models exist, including the COM B model, 

used in particular by the WHO. The COM-B model for behavior change cites capability (C), 

opportunity (O), and motivation (M) as three key factors capable of changing behavior (B). 

Capability refers to an individual's psychological and physical ability to participate in an 

activity. Opportunity refers to external factors that make a behavior possible. Lastly, motivation 

refers to the conscious and unconscious cognitive processes that direct and inspire behavior. 

This model recognizes that behavior is influenced by many factors, and that behavior changes 

are induced by modifying at least one of these components. The COM-B model is particularly 

important when considering intervention methods, as interveners need to ensure the 

sustainability of learned behavior. The model can be summarized as follows: 
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Figure 7 : The COM – B modeled map  

Several studies on the subject of HPV vaccine hesitancy have used the COM-B model, clearly 

showing a lack of knowledge, poor information and even mistrust of vaccination(51-53). 

In 2024, we conducted a national study on HPV vaccine hesitancy among future healthcare 

professionals, the results of which will be available by the end of 2024. 

In the continuation of this habilitation (Privatdocent) thesis, I will present the extensive research 

work that I have carried out on this theme of cervical cancer prevention via HPV vaccination 

and early detection. First, we will look at three studies on HPV vaccination (vaccinale coverage, 

knowledge, attitude ect…)  and its effectiveness in the general population, and then we will 

consider two articles on HPV screening and the different screening strategies that can be 

implemented.  
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ORIGINAL ARTICLE 1: PREVALENCE OF VACCINE TYPE INFECTIONS IN VACCINATED AND NON-

VACCINATED YOUNG WOMEN: HPV-IMPACT, A SELF-SAMPLING STUDY(54) 

 

Before carrying out this study (study 1), we had conducted several prior studies on the 

evaluation of HPV vaccination coverage in Switzerland. The prior studies had shown a regular 

increase in HPV vaccination coverage within the framework of the vaccination programmes 

proposed by the cantons since its introduction(44, 55, 56). In study 1, the first of its kind in 

Switzerland, we aimed to assess the coverage of HPV vaccination among a group of future 

health professionals, including midwives and nurses. We were curious to find out if there has 

been a decline in the prevalence of HPV infections among vaccinated populations since the 

introduction of the vaccine, compared to an identical but unvaccinated population, in fact, 

unvaccinated people are almost 9 times more likely to be HPV carriers than vaccinated people 

(aOR =8.9 IC 95% 5,9-13,2). To measure this prevalence and the effect of the vaccination, we 

used the self-sampling technique to see if it could be used both as a screening technique and as 

a vaccination monitoring tool. 
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ORIGINAL ARTICLE 2: HUMAN PAPILLOMAVIRUS INFECTION AND VACCINATION: KNOWLEDGE, 

ATTITUDE AND PERCEPTION AMONG UNDERGRADUATE MEN AND WOMEN HEALTHCARE 

UNIVERSITY STUDENTS IN SWITZERLAND (57). 

 

In the previous study (study 1, presented above) we were surprised by the relatively average 

vaccination coverage of these future health professionals. We therefore conducted a study 

(study 2) to explore the knowledge, attitudes, and perceptions of young adult women and men 

in pre-graduate healthcare training regarding HPV-related infections and vaccination. We 

hypothesised that despite receiving health training, many of these young adults had limited or 

incorrect knowledge about HPV infections, lacked confidence and held false beliefs about the 

HPV vaccine. These factors could potentially explain the relatively average rates of vaccination 

coverage that we had observed previously. In this study, we also interviewed young men to get 

an initial idea of their vaccination coverage. 
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ORIGINAL ARTICLE 3: FACTORS INFLUENCING THE DECISION TO VACCINATE AGAINST HPV 

AMONG A POPULATION OF FEMALE HEALTH STUDENTS (58) 

 

As a follow-up to the two previous studies, we conducted a study involving a comprehensive 

questionnaire (study 3), which aimed to understand the factors that either hinder or promote 

HPV vaccination in young women. This time, the study focused solely on young women. We 

sought to identify the barriers to initiating HPV vaccination and the reasons for refusal of 

vaccination by a population of future health professionals. The refusal could be linked to 

participants` decisions alone or influenced by outside people (family or their doctor in 

particular).  

The purpose of this particular study is to improve vaccination policies as well as to improve 

prevention and promotion messages for HPV vaccination. Thus, it could be integrated into 

cantonal programmes to increase vaccination coverage. 

 

 

 

  



 

 

44 

 

 



 

 

45 

 



 

 

46 

 

 



 

 

47 

 

 



 

 

48 

 

 



 

 

49 

 

 



 

 

50 

 

 



 

 

51 

 

 



 

 

52 

 

 



 

 

53 

ORIGINAL ARTICLE 4: SELF-SAMPLING TO IMPROVE CERVICAL CANCER SCREENING COVERAGE 

IN SWITZERLAND: A RANDOMISED CONTROLLED TRIAL (59) 

 

In the first part of this thesis, we have seen work on the primary prevention of HPV and cervical 

cancer infections via vaccination. In this 2nd part, we will look at two pieces of work on 

secondary prevention via the early detection of cervical cancer through the use of self-sampling.  

In the first of these two studies (study 4), we conducted a randomised controlled trial to assess 

whether self-sampling would increase screening coverage in women with low screening rates. 

This work aimed to demonstrate that self-sampling is an effective alternative to conventional 

cervical cancer screening by increasing participation and adherence to screening, especially in 

low-screening populations, for a lower financial cost. 
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ORIGINAL ARTICLE 5:  THE ACCEPTABILITY OF HPV VAGINAL SELF-SAMPLING FOR CERVICAL 

CANCER SCREENING IN LATIN AMERICA: A SYSTEMATIC REVIEW (60) 

 

As the randomised controlled trial (study 4) showed that self-sampling was an effective strategy 

to increase the coverage rate of cervical cancer screening, we decided to carry out a systematic 

review concerning its use in a context other than that of Switzerland (study 5). That is to say, 

one with a high incidence of cervical cancer and significant mortality related to this cancer but 

with little logistical and financial means to set up this screening. We showed in the introduction 

to this work that Latin America suffers from a high incidence of cervical cancer, so we chose 

this continent  as a study area. We wanted to use this systematic review to make a complete 

map of the use of self-sampling as a screening technique in Latin America, as well as to 

summarise its acceptability and possibility of in-depth dissemination within this continent. 
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DISCUSSION AND CONCLUSION. 

 

REDUCTION OF HPV INFECTIONS AND CANCERS LINKED TO THESE VIRUSES THROUGH 

VACCINATION: THE FIRST STEP TO ELIMINATION 

 

The purpose of HPV vaccination is to reduce or even completely prevent the transmission of 

the virus, thus limiting new infections and ultimately reducing new cases of precancer and 

cancer. From a public health perspective, it is important that these effects can be observed in 

the target populations in order to have observable and quantifiable evidence of the effectiveness 

of this vaccination. This evidence is important for health policies to maintain and increase 

efforts to promote this vaccination, but also to convince sceptical groups of the positive effect 

of this vaccination on their health(61, 62). Until now, it has been assumed that this vaccination 

was effective, thanks to the clinical studies that had made it possible to develop the vaccines, 

but without being certain of the effects within the general population. The issue was the inability 

to observe its effectiveness due to a lack of temporal hindsight. The studies carried out by the 

manufacturers have found a decline in the number of so-called precancerous lesions during 

their clinical studies. However, it takes about 20 years to observe an impact on the development 

of cancers in the general population. However, since the marketing of these vaccines, and in 

particular of nonavalent Gardasil, studies have multiplied, demonstrating the real effectiveness 

of this vaccination in the general population(63-66). Vaccines against HPV infections have 

been introduced in many countries around the world since 2006/2007 (86 countries introduced 

this vaccine in their vaccination schedule in 2018). In 2018, all countries in Europe introduced 

HPV vaccination into their national programmes. Thanks to this, there is now solid 

epidemiological data from the general population demonstrating the effectiveness of vaccines 

in reducing the incidence of invasive cervical cancers, precancerous lesions, HPV infections 

and anogenital warts compared to the pre-vaccine situation.  

The first observation of an association between vaccination and cervical cancer risk-

reduction was published in the Swedish Cancer Registry in 2020. Over the period between 2006 

and2017, the observation of cancers in females aged 10 to 30 years highlighted that the risk of 

invasive cervical cancer was substantially reduced in young women who had received at least 

a dose of quadrivalent vaccine against HPV(39, 67). Moreover, in Sweden, a 75% reduction in 
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precancerous lesions was observed in young women who had been vaccinated before the age 

of 17, compared to other young women. In addition, the reduction in the number of new cases 

of invasive cervical cancers is greater in women vaccinated at a younger age (68).  

An Australian study showed that the number of people infected with HPV (which causes 

cervical cancer) has decreased thanks to vaccination;  from 22.7% in 2005-2007 to 1.5% in 

2015 among young women aged 18-24(69). These results led the International Papillomavirus 

Society to declare that extensive HPV vaccination coverage combined with high participation 

in cervical cancer screening and appropriate treatments, can lead to the elimination (less than 4 

cases per 100,000 women per year) of cervical cancer as a public health 

problem(21).  Meanwhile the English National Health Service has declared that cervical cancer 

can be eliminated from England by 2040 (70). For the moment it is quite difficult to observe 

thes same effects in Switzerland, as seen in Sweden or England, nevertheless discussions with 

the various cantonal cancer registries are underway. The objectives would be to assess the 

reduction in precancer and cervical cancer following the routine introduction of this vaccination 

in Switzerland via the cases of precancer and cancer recorded in the various cantonal cancer 

registries in Switzerland. It can be noted that, for the moment, no date for a potential elimination 

of cervical cancer in Switzerland has been mentioned. 

Although studies indicate a clear reduction in precancer and cervical cancer in Europe and 

Western countries, the burden of cervical cancer remains heavy in many parts of the world. In 

most countries, the incidence and mortality of the disease remain well above the threshold set 

by the WHO initiative on the elimination of cervical cancer(4 cases per 100,000 women per 

year). A systematic review published in The Lancet Global Health in 2023 indicates that there 

are still significant geographical and socio-economic inequalities in the elimination of cervical 

cancer worldwide, with a cancer rate for developing countries that is still far too high(21, 71).  

Numerous studies indicate that the impact of vaccination will be all the greater if the number 

of young women and men vaccinated (vaccination coverage) is high, whether in Western or 

developing countries. The vaccination is, by its primary preventative action, the 1st step for the 

elimination of cervical cancer from a global point of view, but many efforts remain to be made 

to have optimal vaccination coverage and still succeed in convincing the many people who 

doubt the usefulness of this vaccination (2, 72). 

EVOLUTION OF SCREENING AND FUTURE PROSPECTS: THE SECOND STEP TO ELIMINATION 
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There are different strategies and techniques for screening for HPV infections and cervical 

cancer, and we specifically researched screening via self-sampling, inthe studies I have 

included in this thesis. We found through our randomised controlled trial and systematic review 

that this method led to an increase in screening participation, with the quality of screening being 

equivalent to that carried out by a gynaecologist. However, we are yet to determine its 

effectiveness from a global perspective and what the next steps should be regarding this subject 

(73-75).  

A meta-analysis of 33 randomised control trials on the subject published in the British Journal 

of Cancer clearly indicates that with an intention-to-treat analysis, self-sampling was very 

effective in reaching under-screened women. The associated data showed an increase from 13% 

to 39% in the coverage rate(76) (see figure 7). Several other observational studies have shown 

that self-sampling allowed an increase in coverage rate, regardless of the socio-economic 

category of women screened and regardless of whether the screening was carried out in Western 

or developing countries. In 2023, we published a review showing that self-sampling was the 

most accepted screening method, and which allowed the highest coverage rate among sex 

workers(77); a population that is relatively difficult to involve in screening programmes. 
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Figure 8: Effectiveness of self-sampling versus conventional screening on increasing the 

participation rate in HPV screening(76). 

We have observed that many epidemiological studies have produced evidence supporting the 

efficacy and cost-effectiveness of self-sampling as a primary screening strategy(75, 78-80). The 

next public health step would be for this strategy to be implemented and used nationally as a 

screening strategy in Switzerland or abroad. For the moment, few countries make this choice 

despite the scientific evidence. In Switzerland, the Swiss Society of Gynaecology and 

Obstetrics' latest recommendations do not include self-sampling as a screening strategy for first 

recourse. Their current recommendations are as follows(81): 

• "Screening every 3 years from 21 to 70 years of age; cytological screening every 3 years 

from 21 to 29 years; first-line cytological or HPV screening every 3 years from 30 to 

70 years. Please note: at present, the first-line HPV test is not yet covered by basic 
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insurance. Therefore, we recommend cytological screening until the costs are legally 

covered.  

• If first-line HPV screening reveals a high-risk type of HPV, cervical cytology is 

performed. » 

In 2023, HPV tests are still not reimbursed by the mandatory Lamal insurance; the situation 

remains in an economic rather than scientific status quo. Nevertheless, the Swiss Society of 

Gynaecology and Obstetrics mentions that:  

"Participation in a screening examination, regardless of the method, is the most important 

approach. This is why the establishment of an organised screening programme is 

recommended. In Switzerland, with its federalist health system, such a programme is not 

currently planned. The HPV test has a significantly higher sensitivity. In contrast, cytology 

offers slightly higher specificity, and the costs of the HPV test are higher to date. With the wide 

introduction of the HPV test, test prices are expected to fall significantly in Switzerland as 

well. It is possible that in the near future, a change in the reimbursement offer could allow the 

use of self-sampling as the primary screening strategy in organised screening programmes. This 

method can be used in programmes such as those already in place for breast cancer or colon 

cancer screening. 

It is nevertheless important to note that some Western countries such as Australia, (first) but 

also Italy, Belgium, the United Kingdom, Sweden, the Netherlands and Turkey have decided 

to adopt the HPV test in primary screening and the smear as a complement if the test is positive. 

The combination of the two techniques makes it possible to obtain a reliability of 98%. The 

United States and Germany have chosen to carry out both methods simultaneously(82). 

 The map below (see figure 8), dating from 2020, shows that for the moment, apart from a rare 

exception (Ghana), countries with high incidence and high mortality related to cervical cancer 

do not have organised screening and little experience in using self-sampling as screening as a 

1st resort(83). 
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Figure 9: Map of countries that officially recommend HPV based screening(83). 

 

SCIENTIFIC CONCLUSION AND PERSPECTIVE: 

 

As demonstrated through scientific evidence, there is no doubt, that joint use of HPV 

vaccination and screening would make it possible in the medium to long-term, to plan an 

elimination of cervical cancer (less than 4 cases per 100,000 women per year) at least in 

Western countries (84).  

 

This will require maintaining a high vaccination coverage rate for women (but also coverage 

for men, to a lesser extent). Ambitious and coordinated public health policies must therefore be 

put in place. Better information and promotion of vaccination, particularly in Switzerland, 

should be implemented so that the target populations are better aware of the benefit of this 

vaccination on their health and that some of the obstacles and barriers to this vaccination are 

overcome. To achieve this objective, since the end of 2023, we have been conducting a national 
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survey of all paramedical students in training in Switzerland on their hesitation with HPV 

vaccination(85). The results of the survey will be available in the spring of 2024. 

 

The other aspect allowing the elimination of this disease will be to continue to offer effective 

and early detection and, above all, to increase the rate of participation in screening. After 

evaluating different strategies, we believe that self-sampling is the most appropriate approach 

to achieve this objective. We are currently planning a study evaluating the possibility and 

effectiveness of a screening strategy proposed by general practitioners during their outpatient 

consultation. They will be proposing self-sampling during their consultation, thus making it 

possible to reach populations who do not go to their gynaecologists and who do not get 

screened. This study is at the protocol stage, and will not begin before the end of 2024. 
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