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Abstract 
Background: 

Human Papillomavirus (HPV) accounts for nearly all cases of cervical cancer and is responsible 

for causing several other cancers including: penile, vaginal, vulval, anal and oropharynx 

including base of the tongue and tonsils. There are over 200 types of HPV, which are 

categorized into high risk, and low risk groups according to their oncogenic potential. Among 

high risk HPV types, type 16 and type 18 are the most common and carcinogenic. Combined, 

these two HPV types are responsible for about 70% of cervical cancer cases in developed 

country. 

Every year in Switzerland, 260 women develop cervical cancer, nearly 90 of them dying of the 

disease. It is a cancer that affects young women, ranking fourth in order of frequency of female 

cancers in the 20 to 49 age group. Several vaccines have been put on the market to prevent this 

infection. HPV vaccinations began in Switzerland in 2007, and progressively, vaccinated girls 

arrived at the age of their first screening. The next challenge will be to reconcile these two 

prevention methods, vaccination and screening, which are the pillars of primary and secondary 

HPV prevention.   

 

There are numerous purposes for this research: We wanted to know if, since its introduction in 

vaccination programs in 2007, we could observe a reduction in the prevalence of oncogenic 

HPV in vaccinated populations compared to unvaccinated populations. We wanted to know if, 

to evaluate this likely reduction in the prevalence of vaccinated young women, we could use 

self-sampling technology as a tool for evaluating the effectiveness of the vaccine in real 

population.  We also wanted to assess the knowledge and attitudes on this infection and 

vaccination for a target audience of midwifery students and nurses.  For an immunization 

program to be efficient, primary health care providers, including paramedics, must be involved 

in this program and have a basic knowledge of this vaccination to effectively inform the rest of 

the population.  

 

Methods  

Our research included two different studies: 

The first objective was to assess the prevalence of HPV in a population of young women aged 

18-31, in nursing, midwifery, and medical training. The participants carried out an HPV self-



8 
 

sampling at home and sent it directly to the Geneva hospital to obtain their result without going 

through their gynecologist. 

The second study aimed to assess the knowledge and attitudes about HPV infection and the 

vaccination against it in a population of student nurses and midwives in training.  

Results 

 

 These two studies gave us a lot of information about HPV vaccinations in Switzerland. There 

is a statistically significant decline in the prevalence of HPV strains in vaccinated girls 

compared to those who are not vaccinated. 7.2% of unvaccinated women were HPV 16- or 18- 

positive, while 1.1% of vaccinated women were infected by HPV 16 or 18 (p<0.01). Prevalence 

of HPV 6 and 11 was 8.3% in non-vaccinated women versus 2.1% in vaccinated women 

(p<0.02). No particular socioeconomic profiles were identifiable among unvaccinated young 

women in this study. Another extremely interesting aspect is that self-sampling was shown to 

be a simple and powerful technology for effectively monitoring an HPV vaccination program.  

In the second study, we found that nurses and midwives had little knowledge to misinformation 

about HPV infection and the vaccination against it when they are a primary target of this 

vaccination and important future stakeholders for its promotion within the general population. 

 

Conclusion:   

The conclusions of this research work are that, given the effectiveness of this vaccine for 

reducing the prevalence of HPV strains, it must be better implanted and promoted in the general 

population. The target population must be better informed about HPV-related infections and 

the benefit from getting vaccinated against it in order to increase the vaccination coverage rate. 

Finally, the use of self-sampling will have to be part of a broader program to monitor the 

effectiveness of vaccination. 
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Résumé 
 

Abstract 

Contexte 

Le virus du papillome humain (VPH) représente presque tous les cas de cancer du col de l'utérus 

et il est le responsable de plusieurs autres cancers, dont celui du pénis, du vagin, de la vulve, de 

l'anus et de l'oropharynx, dont la base de la langue et les amygdales. Il existe plus de 200 types 

de VPH, qui sont classés en groupes à risque élevé et à faible risque selon leur potentiel 

oncogène. Parmi les types de VPH à risque élevé, les types 16 et 18 sont les plus courants et les 

plus cancérigènes. Ensemble, ces deux types de VPH sont responsables d'environ 70 % des cas 

de cancer du col de l'utérus dans les pays développés. 

 

Chaque année en Suisse, 260 femmes développent un cancer du col utérin et près de 90 d’entre 

elles décéderont de la maladie. Il s’agit d’un cancer qui touche les femmes jeunes, ce qui le 

place en quatrième position par ordre de fréquence des cancers féminins dans la tranche d’âge 

entre 20 et 49 ans. Plusieurs vaccins ont été mis sur le marché pour prévenir cette infection. La 

vaccination anti-HPV a débuté en Suisse en 2007 et, progressivement, les jeunes filles 

vaccinées arriveront à l’âge de leur premier dépistage. Le défi à venir sera de réussir à concilier 

ces deux modes de prévention que sont la vaccination et le dépistage, qui sont les piliers de la 

prévention primaire et secondaire contre le HPV.   

 

Le but de ce travail de recherche était multiple, nous voulions savoir, si depuis son introduction 

dans les programmes de vaccination en 2007, nous pouvions observer une réduction de la 

prévalence des HPV oncogènes dans les populations vaccinées comparées aux populations non 

vaccinées. Nous voulions savoir si pour évaluer cette probable réduction de la prévalence chez 

les jeunes femmes vaccinées, nous pourrions utiliser la technologie du self sampling comme 

outil d’évaluation de l’efficacité du vaccin en population réel.  Nous avons voulu également 

évaluer les connaissances et attitudes concernant cette infection et cette vaccination pour un 

public cible d’étudiants-es sage-femme et infirmières.  Pour qu’un programme de vaccination 

soit efficient, il faut que les acteurs primaires de santé, notamment  paramédicaux, soient 

engagés dans ce programme et disposent des connaissances de base sur cette vaccination pour 

informer efficacement le reste de la population.  
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Méthodes  

Notre recherche a compris  deux études différentes : 

La première avait pour objectif d’évaluer la prévalence des HPV dans une population de jeunes 

femmes de 18-31 ans, en formation d’infirmière, sage-femme et de médecin. Les participantes 

réalisaient un auto-prélèvement HPV à domicile et l’envoyaient directement à l’hôpital de 

Genève pour avoir leur résultat sans passer par leur gynécologue. 

La deuxième étude avait pour objectifs d’évaluer les connaissances et attitudes au sujet de 

l’infection aux HPV et de sa vaccination dans une population d’étudiants hommes et femmes 

infirmiers et sage-femme en cours de formation.  

Résultats 

 

 Ces deux études nous ont donné beaucoup d’information sur la vaccination HPV en Suisse. On 

peut observer une baisse statistiquement significative de la prévalence des souches HPV  chez 

les jeunes filles vaccinées comparé à celles qui ne sont pas vaccinées. 7,2 % des femmes non 

vaccinées étaient positives pour le VPH 16 ou 18, tandis que 1,1 % des femmes vaccinées 

étaient infectées par le VPH 16 ou 18 (p<0,01). La prévalence des VPH 6 et 11 était de 8,3 % 

chez les femmes non vaccinées contre 2,1 % chez les femmes vaccinées (p<0,02). Nous n’avons 

pas observé de profil socio-économique particulier identifiable chez les jeunes femmes non 

vaccinées lors de cette étude. Un autre aspect extrêmement intéressant est que nous avons 

observé que le self sampling est une technologie simple et performante permettant de monitorer 

efficacement un programme de vaccination HPV.  

Dans la deuxième étude, nous avons constaté une faible connaissance des jeunes hommes et 

femmes infirmièr-eres et sage-femme  concernant cette infection par HPV et sa vaccination 

voire même des connaissances erronées  alors qu’ils sont une cible principale de cette 

vaccination et des futurs acteurs important pour sa promotion dans la population générale. 

 

Conclusion   

Les conclusions de ce travail de recherche sont que, vu l’efficacité de ce vaccin pour la 

réduction de la prévalence des souches HPV, il faut que celui-ci soit mieux implanté et promut 

dans la population générale. Une meilleure information du public cible sur les infections liées 

aux HPV et le bénéfice de sa vaccination doit être fait pour pouvoir augmenter le taux de 
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couverture vaccinal. Enfin l’utilisation du self sampling devra s’inscrire dans un programme 

plus large de monitoring de l’efficacité de la vaccination  
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Introduction 
 

HPV's Natural History 
 
Papillomaviruses are responsible for a wide variety of cutaneous and mucosal lesions in human 

beings. Similar lesions induced by related viruses are also known in the animal kingdom: in 

rats/mice, rabbits, sheep, oxen, horses, deer, fallow deer, dogs, monkeys, as well as birds and 

turtles(1). 

In the last 20 years, more than 200 genotypes of human papillomavirus (HPV) have been 

identified. Genotypes are classified according to their tropism (skin, mucous membranes) and 

their oncogenic potential (2). Two major classes are listed: 

 

• HPV preferentially associated with cutaneous lesions. HPV types 1 and 4, for example, 

are frequently found in warts, while HPV types 5 and 8 are implicated in verruciform 

epidermodysplasia (3). 

 

• HPV infecting anogenital mucosa (cervix, vulva, vagina, penis, and anus) and 

oropharyngeal mucosa. Among the forty viruses with this tropism, some are said to have 

low risk or low oncogenic potential: this is the case of HPV 6 and 11, commonly found 

in genital warts, while others are said to be high risk: this is the case of HPV 16 and 18 

involved in the carcinogenesis of the cervix. This latter group also includes so-called 

intermediate risk HPV: HPV 31, 33, 35, 51... frequently found in anogenital lesions(4). 

 

The diversity of HPV types probably results from their evolution in different human epithelia.  

 

Characteristics of Papillomaviruses 

Papillomaviruses are small (45-55 nm in diameter), non-enveloped viruses, composed of 72 

capsomers arranged in icosahedral symmetry. Their genome consists of a circular double-

stranded DNA molecule of approximately 8,000 base pairs (5). (see Figure 1) 
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Figure 1 - Virus-Like Particles of HPV - 16 L1 Protein (copyright BMJ publishing group) 

 

Comparative analysis of the nucleotide sequences of papillomaviruses in different species 

revealed a common genetic organization. About ten open reading frames carried by only one 

of the two DNA strands are grouped into an E (early) region encoding nonstructural proteins 

and an L (late) region encoding the capsid proteins. The non-coding region (NCR) comprising 

400 to 1,000 nucleotides and located between the POL L1 and POL E6/E7 sequences. It 

contains an ori site (site of origin of viral replication), promoters of early genes, and regulatory 

sequences of replication and transcription. These sequences are sites recognized by factors of 

cellular or viral origin. Some cellular factors (for example: steroid receptors) activate the 

transcription of viral genes, while others (for example: retinoic acid receptors) inhibit it. E2 

viral protein is involved in both replication and modulation of HPV genome transcription (6). 

Viral replication is tightly controlled by the E1 protein, coupled to the E2 protein. The 

heterodimer E1-E2 binds to the ori sequence which has a binding site for E1 (E1BS: E1 binding 
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site), itself flanked by several E2 binding sites (E2BS). A mutation in the E1BS site or mutations 

of the E1 and/or E2 proteins are accompanied by a decrease or even a stop of the viral 

replication(7). 

The E2 protein, acting as a homodimer, modulates the transcription of the E6/E7 genes; it 

blocks the expression of these genes. As for the E4 protein, it is expressed differently in 

cutaneous lesions and mucosal lesions. In palmar and plantar warts related to HPV 1, it is 

synthesized in large quantities. It is present in a much smaller amount in mucosal lesions. It 

allows the production of viral particles, facilitating the encapsidation of the genome and 

promoting the diffusion and release of virions by destruction of the network of cytokeratin 

filaments.  E5, E6 and E7 proteins are involved in cellular immortalization and transformation 

processes (8).  

L1 protein is the major capsid protein. Capable of self-assembling in the absence of other viral 

proteins to form viral capsid-like viral particles known as virus-like particles (VLPs), these L1 

proteins have the same conformational epitopes as the native protein and are highly 

immunogenic. They are a source of antigens for the development of ELISA serological tests 

and for the production of vaccines. The L2 protein, a minor capsid protein, is capable of binding 

viral DNA and positioning it correctly within the capsid. In combination with the L1 protein, it 

allows the assembly of the virus and the stabilization of the capsid (9) (See Figure 2).  

 

 

Figure 2 - HPV 16 Circular Genome Diagram 
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The HPV Infection's Natural History 

Infection occurs in three major stages: infection of cells by HPV, implosion of the cell with the 

appearance of virions, and finally, infection of cells by these virions. 

The infections of the cells by the virus and the virions are the same. The only difference is that 

virions are viral particles resulting from the implosion of cells due to infection by viruses. There 

are six major steps in the infection of a cell regardless of the genome of the virus. We have an 

attachment, a penetration, a decapsidation, a replication, an encapsidation, and then a release. 

It is with replication that the genome of the virus brings a slight modification to the 

mechanism(10). In fact, when the genome is RNA, it is immediately read by the ribosomes as 

is: it is the translation of the viral messenger RNA. But the papillomavirus is a DNA virus. This 

means that it does not use RNA during its replication but instead it’s DNA polymerase. DNA 

polymerase is an enzymatic complex that allows the replication of DNA and therefore of the 

virus. These viruses must therefore first go through a transcription step before the translation 

of their viral messenger RNA. The cell releases the virions after infection(11). 

The infection can evolve according to 2 modes: the clearance or the persistence. The majority 

of risky HPV infections evolve in clearance mode, particularly in young people under 30 years 

of age, as it progresses to persistence after this age, especially for HPV 16, 9, 10. The 

persistence means morphological transformations testifying to the expression of the E6 and E7 

genes of the papillomaviruses at risk and thus cellular anomalies. At this stage, HPV is episomal 

or integrated with the genome of the cells (12).  

After the infection of several cells, we have dysplasias. Low grade dysplasia occurs when only 

one third of the cells are infected and "high grade" dysplasias if two-thirds or all of the cells are 

infected. The "low grade" dysplasia corresponds to grade 1, "high grade" corresponding to 

grades 2 and 3. These last two grades are distinguished by the number of lesions, i.e. the extent 

of the dysplasias(13). (see Figure 3) 
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Figure 3 - Epithelial Degradation Graph 

 

How does an HPV infection result in cervical cancer? 

 

After the onset of sexual activity, infection with one or more HPV of different types occurs 

quickly in most individuals. HPV infection is almost always transient: more than 90% of HPV 

infections are eliminated within 1-2 years. In <10% of those infected, the virus persists and can 

lead to precancerous lesions (cervical, vaginal, vulvar, anal, abbreviated CIN, VAIN, VIN, 

AIN) and, if left untreated, cancer. An average of 20-30 years (and at least 5-10 years) separate 

the infection and development of cervical cancer(14) (see Figure 4). No specific antiviral 

treatment is available. 
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Figure 4 - Natural Evolution of the HPV Infection 

 

History of HPV Vaccines  

The identification of the causal agent of cervical cancer was developed in the 1970s with large 

epidemiological cohorts that demonstrated the major risk of cervical cancer attributed to at-risk 

HPV and the carcinogenic role of these viruses on the host cells, followed by the use of the viral 

test in clinical practice to optimize the management and screening (15).  

It has long been difficult to develop, in practice, HPV vaccines because these viruses cannot 

reproduce in cell culture. Live attenuated vaccines from this manufacturing process would have 

contained potentially oncogenic viral genes that precluded their preventive use in healthy 

women. Progress emerged as soon as it became possible to produce a recombinant protein of 

the virus envelope in mammalian cells(16). Attention has therefore turned to the development 

of subunit vaccines based on the production of a protein that makes up the viral envelope, the 

L1 protein. Early attempts to produce this protein from bacteria failed because the purified 

protein was most often malformed and did not induce sufficient antibody production in animal 

models. Progress came with the discovery of the phenomenon of the unfolding and spontaneous 

self-assembly of the L1 envelope protein. It has been observed that once produced, this protein 

has the spontaneous capacity to self-arrange to form a spherical envelope, quite similar to that 

of the virus. These pseudoviral particles resembled the virus, but did not contain its genetic 

material. In fact, whether inoculated to animals or humans, they do not cause the disease, but 

instead, elicit an immune response strong enough to eliminate the virus. It is from this important 

innovation based on the production of VLPs (Virus Like Particle- viral particles that mimic the 

virus) that the principle of vaccination against papillomavirus was born. These particles are not 

infective because they contain no genetic material. They deceive the immune system which 

sees them as viruses and produces high levels of antibodies without generating the disease (17-

19). 

HPV Preventive Vaccines 

 

The development of vaccines is based on the discovery of the phenomenon of spontaneous self-

assembly of the major protein of the L1 capsid. Thus, this protein can be produced in order to 

generate particles reminiscent of the virus (virus like particles). They are non-infectious, but 
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induce an immune response with antibody production in the hosts. Two preventive vaccines 

against papillomavirus have been developed through clinical trials phase I, II, and III (20): 

 

A. Cervarix® (GlaxoSmithKline Biologics, Rixensart, Belgium): This is a bivalent vaccine 

against types 16 and 18 of the virus; this vaccine is little used and no longer available 

in Switzerland. 

 

B. Gardasil® (Merck & Co., Inc., Whitehouse Station, NJ): This is a quadrivalent vaccine 

directed against types 6, 11, 16, and 18 of the virus, the former two being responsible 

for most of the condyloma acuminata. 

 
 

These vaccines are non-infectious because they do not contain viral DNA. The vaccine is 

administered by intramuscular dose, 0.5 ml. The vaccines are generally well tolerated, highly 

immunogenic with a much higher level of antibodies produced than those observed during 

natural infection. After four to five years, these antibody levels persist (21). 

 

Another vaccine against 9 types HPV infections (HPV 6, 11, 16, 18, 31, 33, 45, 52, 58) has also 

been available since 2018 in Switzerland. It is called Gardasil 9. This nonavalent vaccine is 

added to Gardasil 4, the quadrivalent vaccine (HPV 6, 11, 16, 18) marketed since 2007 and 

Cervarix, the bivalent vaccine (HPV 16, 18) available since March 2008.  

 

Gardasil 9 is indicated for the active immunization of individuals as of 11 years old.  According 

to current vaccination recommendations, HPV vaccination initiations for unvaccinated girls and 

young women should now be conducted with Gardasil 9. In the long term, Gardasil 9 is intended 

to replace Gardasil 4. The latter however remains on the market as long as necessary so that 

individuals who started with this vaccine can finish it. The Gardasil 4, Gardasil 9, and Cervarix 

vaccines are actually not interchangeable and any vaccination initiated with one must be 

completed with the same vaccine (22, 23). 

 

HPV Vaccination Efficiency 

In countries where HPV vaccinations have been introduced for a long time and has achieved 

high vaccination coverage (i.e. Australia), HPV infections in the vaccine have, in 3 years, 

almost completely disappeared from cervical smears. In women who had been vaccinated 
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before first intercourse, there was 85% to 90% reduction in HPV 16/18-related higher grade 

dysplasias in the cervix (CIN2 or higher), vulva, and vagina. This reduction seems clearly 

attributable to HPV vaccination and not to a change in screening or sexual behavior (24, 

25).  

Currently, the effect of vaccination on the reduction of precancerous lesions is proven. The 

first data on the prevention of cervical cancer by vaccination is expected around 2020. 

However, the importance of the effect of vaccination on dysplasia should not be 

underestimated as the diagnosis of a precancerous lesion can trigger stress and anxiety when 

dysplasia is discovered, and dysplasiac interventions of the cervix also increase the risk of 

spontaneous abortion or premature birth (24, 26).  

In 2018, the Australian government said that Australia is eradicating cervical cancer and 

that this goal will be achieved in the next 20 years. "Australia is likely to be the first country 

to reach the HPV elimination threshold," says Megan Smith, co-author of a study in Lancet 

Public Heath modeling HPV eradication in Australia (27, 28).   

 

HPV Vaccine Safety 

Led by the Global Advisory Committee on Vaccine Safety (GACVS) at the World Health 

Organization (WHO), all agencies that review and monitor the safety of the HPV vaccine 

continue to conclude that HPV vaccines are safe and effective and that the benefits of its use 

are significantly greater than the risks. 

Global and national review and surveillance systems for the safety of new vaccines are 

complex. Before a vaccine is approved by WHO or a national licensing agency, objective 

experts examine its efficacy, safety, and adverse events through extensive clinical trial data. If 

this data is sufficiently substantiated, the product is licensed. A second phase of surveillance 

begins once the product is available to the public(29). 

Data on the safety of HPV vaccines prior to authorization came from clinical trials that included 

more than 10,000 girls and young women for each of the two vaccines. Between authorization 

in June 2006 and May 2009, 24 million doses of Gardasil 4 were distributed in the United States 

and more than 40 million doses were distributed worldwide. Seven million doses of Cervarix® 

were distributed worldwide in May 2009.Since the introduction of HPV vaccines in the United 

States, Australia, Europe, and a growing number of middle-income countries, many national 

and international agencies have been rigorously monitoring the safety of the HPV vaccine. 
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These agencies track all reports of adverse events to determine if the problem was caused by 

the vaccination or not (30-32). They are also working together to ensure that recommendations 

around the use of the HPV vaccine take into account the latest safety results. 

 

HPV Vaccinations in the World  

Since HPV vaccines first licensure in 2006, at least 82 countries have included HPV vaccines 

in their national immunization programs (see Figure 5). The introduction has been progressive, 

predominantly in high-income western countries first, followed by Latin American countries 

alongside scattered countries from the remainder of the regions. Its addition to the national 

schedules of so many countries can be thus considered a significant achievement (24, 33). 

 

Figure 5 - Countries Including HPV Vaccine in their National Immunization Programs by Year 

of Introduction. 

The Vaccination in Switzerland  

Since 2007, HPV vaccinations are recommended by the Federal Office of Public Health 

(FOPH) and the Swiss Federal Commission for Vaccination (CFV), initially only for girls and 

women, though boys and men have been included since 2015. As a first step, two vaccines were 

available, one (Cervarix) covering the oncogenic HPVs 16 and 18, the other (Gardasil 4) also 

covering HPVs 11 and 6, which mainly cause genital warts (34). In recent years, there has been 
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a new vaccine, which protects against five other types of oncogenic HPV: 31, 33, 45, 52, and 

58 (Gardasil 9). This nonavalent vaccine has been available in Switzerland since July 2018.  

 

 Girls aged 11 to 14 are the main target group for HPV vaccination (basic recommended 

vaccination, two-dose regimen). The FOPH and the CFV also recommend the vaccination of 

adolescent girls aged 15 to 19 (catch-up vaccination), as well as that of adolescents and men 

between 11 and 26 years old and women between 20 and 26 years of age (supplementary 

vaccination, three-dose treatment plan). The levels of recommendations are based, among other 

things, on the burden of pathologies respectively of the usefulness of vaccination for the 

different target groups (35). 

 

The Thesis Objectives: 

The main objective of this thesis was to study the effectiveness of the HPV vaccine (mainly 

Gardasil 4, which was only used in Switzerland during this research project) among young 

women, but also to evaluate the knowledge, attitudes, and representations on/of HPV infections 

and HPV vaccinations that had an audience of future midwives and nurses. 

The secondary objectives of these studies were to assess whether self-sampling technology 

could be used as a monitoring tool for this vaccination. Finally, we wanted to know if a socio-

demographic profile could emerge in unvaccinated young women to improve the promotion of 

this vaccination in these populations. 
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Methodological Contributions: 
 

Article 1: Prevalence of Vaccine Type Infections in Vaccinated and Non-Vaccinated 

Young Women: HPV-IMPACT, a Self-Sampling Study  

 

The objective of evaluating the effectiveness of HPV vaccinations in real population follows 

previous studies in which I participated with Professor Petignat. I had already carried out 

several epidemiological studies on HPV vaccination coverage in Switzerland (34-36), and I 

participated in a study with Pr. Petignat that focused on the detection of HPV infections using 

self-sampling(37). For several years, Professor Petignat's team has developed expertise on the 

use of self-sampling to increase the participation and effectiveness of HPV screening and 

cervical cancer control programs. 

 

At the beginning of this thesis, no study in Switzerland had attempted to evaluate the 

effectiveness of this vaccination in the population. We therefore hypothesized that self-

sampling could be used both as a screening tool and as a monitoring tool for HPV vaccinations. 

When this project started, only one other study in the world had used this methodology for self-

sampling. This study, carried out in Canada, had obtained very positive results and opened the 

possibility of using self-sampling to monitor HPV vaccinations. 

 

Self-sampling: 

 

The self-sampling is a simple and economical technique commonly used for the detection of 

numerous infectious diseases and especially for HPV virus screening. It is in the form of a swab 

(see Figure 6). The patient performs a vaginal swab by following a simple, explained procedure. 

No medical training is required to perform this sample.  Several meta-analyzes show that this 

technique is as accurate and reliable as if the sample was taken by a gynecologist (38-40). Its 

huge advantage is that the patient can directly send their sample to a laboratory to find out 

whether or not they are a carrier of HPV without the need for a gynecologist. 

 

The use of self-sampling to improve the effectiveness of HPV screening is clearly introduced 

in scientific literature (41-43), but its use as a tool for assessing HPV vaccinations is yet to be 

demonstrated. 
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Figure 6 - Example of self-sampling for HPV Screening 

 

My Role in This Study: 

To carry out this study, we had the help of two medical Master's Degree students who were 

majoring on this subject. For this first study, we chose as our target population the students 

Geneva Graduate School of Health (Haute École de Santé de Genève), made up of student 

midwives, nurses, and dieticians as well as students in their 1st and 2nd year of medicine. We 

made this pragmatic choice because we had the support of these institutions to carry out this 

study.  

I wrote the study protocol with Professor Petignat's research team. This protocol has been 

accepted by the Cantonal Commission for Research Ethics of the Canton of Geneva. This 

protocol, once accepted, was filed on clinicaltrial.gov to comply with current research ethics 

recommendations.  

 

Data Collection: 

In agreement with the research team, I took care of the data collection of the students of the 

Geneva Graduate School of Health. After sending the students the information about the study, 

the questionnaire, the self-sampling material, and getting their consent to participate, I collected 

the participants' swabs.  The two medical students collected the data of their 1st and 2nd year 

colleagues. 
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A socio-demographic questionnaire on the participants' profile, their last vaccination and, for 

those who were not vaccinated, the reasons for non-vaccination accompanied the self-sampling 

kit. The questionnaire was made by synthesizing the questions of previous studies that seemed 

to be the most relevant. 

 

Sample Size: 

 

To estimate the sample we needed, we started from an estimate of the prevalence of HPV 16/18 

of 6% in the population of young women under 30 years old from the information given by the 

Federal Office of Public Health. Hoping for a reduction in HPV prevalence of at least 85% in 

the vaccinated population, we needed 400 participants for the study.  

 

Given the efficiency goal of this study, we decided to name it HPV-IMPACT. 

 

Article 2: Human Papillomavirus Infection and vaccination: knowledge, attitude and 

perception among undergraduate men and women healthcare university student in 

Switzerland  

 

This second study follows directly on the first one. One of the key findings of the HPV-

IMPACT study was that a typical profile could not be identified for unvaccinated young 

women. The socio-demographic profile between vaccinated and unvaccinated young women 

was almost identical. An important finding was that a common reason cited by young women 

for not being vaccinated was their poor knowledge of cervical cancer and HPV vaccination. 

We therefore conducted a second study on paramedical students to assess their level of 

knowledge about HPV infections, cervical cancer, HPV vaccination, and their attitude towards 

this HPV vaccine during their nursing and midwifery studies. 

 

I was responsible for drafting the protocol for the study, which was accepted by the Cantonal 

Research Ethics Commission of the Canton of Geneva and filed on clinicaltrial.gov 

  

For this study, the data collection as well as the consent of the participants was done entirely 

via a web platform. 
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Data Collection: 

 

For practical questions, we decided to make this study 100% electronic via a secure online 

platform. I created the questionnaire of this study which was separated into three parts. 

The first part looked at the socio-demographic characteristics of the participants, the second 

part at the participants' basic knowledge about HPV infection and the HPV vaccine, and the last 

part at the participants' attitudes towards HPV vaccinations. 

The validity of this questionnaire was evaluated by three experts on the subject (a nurse, a 

midwife, and an epidemiologist). A pilot study of a midwife and nurse sample was conducted 

to test the validity and comprehension of the questionnaire. For this questionnaire, we 

conducted a literature review of previous studies that also aimed to assess knowledge, attitudes, 

and perceptions about HPV infection and HPV vaccinations. 

 

In addition, using these two studies, we conducted a third study included in HPV Impact. The 

objective of this study was to compare the socio-demographic characteristics of vaccinated and 

unvaccinated young women in the IMPACT study. The other objectives of this study were to 

know the reasons given by young women for not being vaccinated and to compare the reasons 

given in this study with those found in other studies in Switzerland. 
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Should we vaccinate boys against HPV? 

 

Human papillomaviruses (HPV) are small, non-enveloped DNA viruses with a tropism 

for squamous epithelia. Due to the virus’s malignant potential, the infection can cause 

cervical, vaginal, vulvar and anal cancer in women, as well as penile and anal cancer in 

men. The viral infection is also responsible for oropharyngeal cancer, recurrent 

respiratory papillomatosis and genital warts in both sexes. High-risk (HR) HPV 

infections account for 95% of anal cancers, 70% of oropharyngeal cancers, 60% of 

vaginal cancers, 50% of vulvar cancers, and for 35% of penile cancers (Harden and 

Munger 2017). The overall prevalence of anogenital warts based on genital 

examinations (in both sexes) is reported to be between 0.2 and 5% (Patel et al. 2013).  
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The prophylactic (they do not protect those who are already infected) HPV vaccine is 

produced with recombinant technology using virus-like particles (VLPs), which induce 

the production of type-specific antibodies. There are currently three types of HPV 

vaccines available: the bivalent one, offering protection against virus types 16 and 18 

(which types account for about 70% of cervical cancer cases (Winer et al. 2006), the 

quadrivalent one, offering additional protection against low-risk (LR) types 6 and 11 

(which types are responsible for the majority of genital warts), and the nonavalent 

vaccine for further frequent HR HPV types like 31, 33, 45, 52 and 58 (MMWR Weekly 

Report 2015). 

 

The Center for Disease Control and Prevention recommends routine HPV vaccination 

at age 11 or 12 years for both sexes. Vaccination is also recommended for females aged 

13 through 26 years, and males aged 13 through 21 years. As for MSM (men who have 

sex with men) and immunocompromised persons, the vaccine is recommended up until 

the age of 27 years if they not have been previously immunized (MMWR Weekly 

Report 2015).  

 

In some countries, the HPV vaccine is offered free-of-charge to boys and is included in 

the routine vaccination program. In Australia, girls and boys up to 19 years-of-age can 

receive two-doses of the nonavalent vaccine (three doses for the immunocompromised) 

and the vaccine is routinely given in school-based programs at age 12-13 (NCIRS 2018). 

In 2014, Austria also introduced a gender-neutral immunization program by offering 4th 

graders two doses of the quadrivalent vaccine (Borena et al. 2016). In the UK, the HPV 

vaccination program will also be extended to include boys aged 12-13 years (Green 

2018).  

 

The extension of the vaccination to the male population has multiple dimensions to it, 

including clinical, socio-economical and ethical aspects. From a purely clinical 

approach, the HPV vaccine can directly decrease the prevalence of virus-related 

pathologies among men, especially among high-risk groups like MSM who do not 

benefit from the “herd-immunity” provided by women, or patients presenting 

immunodeficiency; and indirectly have an impact on the prevalence of HPV-related 
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lesions in women. From a socio-economic approach, vaccination of boys might not be 

the most cost-effective tool to drastically diminish the burden of the HPV-induced 

diseases whilst the vaccination of women is suboptimal, as “herd immunity” for boys 

may occur where coverage is above 80% (Favato et al. 2017). According to Choi et al., 

assuming that vaccine protection lasts 20 years on average, selective immunization of 

12-year-old school girls could significantly reduce, even eliminate cervical cancer and 

anogenital warts incidence among women after 60 years of an ongoing immunization 

program (Choi et al. 2010). However, findings of the systematic review of Favato et al. 

indicate that the selective immunization of pre-pubertal girls is likely to fail to achieve 

expected level of “herd immunity” at a population level. They also suggest that 

population characteristics and sexual behavior should be aligned more closely to real-

life scenarios in modelled populations (Favato et al. 2017). Ethically, as HPV infection 

is an STI, sharing the responsibility of the viral transmission can be an argument for a 

gender-neutral vaccination.  

 

To achieve optimal vaccine coverage, whether our primary target population is pre-teen 

girls or boys, as HPV vaccination is currently non-mandatory, parental consent is 

necessary to administer the vaccine. Therefore, the success of HPV-immunization 

programs at a population level (HPV vaccine uptake among minors), partially relies on 

the awareness of HPV-related diseases and the acceptance of the HPV vaccine among 

parents. Simultaneously, while optimizing any pre-existing or implementing new 

vaccination programs, the knowledge of the general population concerning HPV 

infection should be increased in order to obtain a favorable attitude and response 

towards vaccination. Previous studies have shown that the knowledge about HPV is 

insufficient, especially among men (Patel et al. 2016). With the introduction of specific 

health educational programs, vaccination rates could be increased. At the level of 

primary prevention, it is necessary to mention that prophylactic vaccination is not the 

only existing mean of prevention; sexual behavior has a considerable impact on the risk 

of infection. Sexual educational programs may have an effect on this factor well.  
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Digital visual inspection using smartphone application: an innovative tool to cervical 

screening in low and middle income countries. 

 

Jeannot E; Benski AC; Viviano M; Vassilakos P and Petignat P 

 

Background 

Cervical Cancer (CC) is one of the most common cancers in women, ranking second in 

developing country, with an incidence of 445 000 news cases per year, in comparison in 

develops country this cancer was only on the 11th ranks, with 83 000 new cases per year(44). 

HPV infections are very common and one of the most common sexually transmitted diseases 

in the world, they are common in young people. HPV infections are usually cleared by the 

immune system but for a part of the infected women, infection can persist (45).  

Screening of cervical cancer  

The implementation of cytology-based screening programmes has resulted in a considerable 

reduction in disease burden in high-income countries; however, economically poor geographic 

areas fail to provide efficient CC screening services because of a lack of human and material 

resources. Indeed, the success of cytology-based screening programmes depends on well-

organised and complex infrastructure with well-trained personnel, including cytopathologists, 

colposcopy specialists, and pathologists, and an adequate laboratory infrastructure to manage 

women with positive test results.  



76 
 

Colposcopes are expensive, difficult to transport, and require specialized technicians for 

maintenance, as well as electric supply. Therefore, the implementation of colposcopes in low 

and middle income countries (LMIC) is difficult and alternative system is required (46) 

Screening of CC in low and middle income country  

To overcome this difficulty, the options recommended by the World Health Organization 

(WHO) include human papillomavirus (HPV) testing followed by visual inspection with acetic 

acid (VIA) as a triage test, followed by the application Lugol’s iodine (VILI)(47). The VIA is 

positive when there is appearance of thick whitish patches with sharp edges, called acidophilic. 

VILI, which immediately follows is a confirmation test. It is positive when there is appearance 

of colored regions in saffron yellow or mustard yellow, called iodine-negative. Integrating 

HPV-based screening with VIA/VILI (visual inspection after application of acetic acid/lugol’s 

iodine) offers the dual benefit of optimizing both HPV detection and VIA/VILI for triage of 

HPV-positive women.  

 

All healthcare professionals (doctors, nurses, midwives) can perform this exam. However, in 

order to perform the VIA / VILI successfully while being effective in reducing the incidence of 

cervical cancer, health personnel must receive formal and practical VIA / VILI training.  

One of the limitations of the use of visual screening by VIA / VILI is that the results depend to 

a large extent on the individual interpretation of the person performing the VIA / VILI. Inter-

observer variability remains a limiting factor, hence the importance of good initial training and 

continuous quality control (48).  

 

Smart phone applications “exam” as adjuvant tools for cervical Cancer Screening and 

CCPS app for improving Data collection and electronical patient record.  
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Concerns about the lack of a quality assurance system and important inter-observer variability, 

a possible way is to develop the use of digital smartphone application (D-VIA and D-VILI for 

Digital VIA and digital VILI). This is a promising choice for developing countries to improve 

their quality and efficiency. In this context, smartphone application development can help 

clinicians to diagnose pre-cancers and can be an important step towards improving visual eye 

inspection techniques (49). This approach opens up new possibilities, thanks to its accessibility, 

user-friendly interfaces and high-definition cameras to visualize the cervix. In addition, sharing 

real-time images with long-distance experts allows health professionals to seek advice and 

improve the quality of their work. The use of smartphone applications as a tool to minimize the 

subjectivity of the diagnosis has been tested in other medical fields, such as that of dermatology 

for the detection of cutaneous melanoma with promising results(50). 

 

The procedure of D-VIA/D-VILI 

This smartphone application has been developed in order to use the digital images for the 

evaluation of VIA and VILI method. With this application it is possible to take good quality 

cervical pictures, magnify the lesions using the zoom and to compare native to VIA and VILI 

by sliding through pictures. 

The procedure is user friendly and it consists in different steps, full description of the 

procedure for performing D-VIA/D-VILI is detailed on other article(49).   

  

. 

 

To use easily this procedure an application for smartphones called “Exam” has been developed. 

It is an android application specifically designed to obtain high-quality images by the Signal 
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Processing Laboratory of the Swiss Federal Institute of Technology in Lausanne, Switzerland. 

This application’s functioning is based on the fact that the changes of the cervical surface 

induced by the application of acetic acid and Lugol’s iodine can be captured by inexpensive 

smartphone cameras simply by recording multiple sequential images of the cervix immediately 

after the application of each solution. The image capture, featured extraction and classification 

methods are implemented to run directly on an Android smartphone, using the Software 

Development Kit made available by Google to develop Android applications. 

 

All the pictures collected by the smartphone application are sent to a central database and 

automatically saved and classified in the patient’s file by date and type (native, VIA, VILI, 

posttreatment). Written comments can be added to each patient’s visual file. Finally, the biopsy 

site was marked on the VIA picture with a cross mark. The VIA picture can also be viewed 

without the marked biopsy site. 

For security and privacy, data transfer to the central database was accomplished using an 

encrypted key. Authentication was required to access the patients’ file, and only the caregivers 

who received accreditation with a personal identifier and password could log into the 

smartphone application or the respective database. Access to patient data was only possible 

after scanning a bar code unique for each patient or by entering the patient’s identification 

number and the date of the VIA/VILI assessment. This ensured patients’ information to be 

protected. Finally, it is possible to slide between pictures on the Smartphone to compare them 

to one another and find the diagnosis. It is a simple reproducible procedure that facilitates the 

identification of the lesion and it allows a second opinion with telemedicine. Expert from all 

over the world can give their opinion in real time.  
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Digital imaging of VIA is an adjunctive procedure to improve diagnosis performance and there 

is a tutorial on Geneva Foundation for Medical and Education Research (GFMER) website 

where it is possible to learn the procedure and practice exercises. The tutorial is divided in five 

modules: the first module consists in learning anatomy of the cervix, SC junction, the second 

for basic knowledge for CC screening using VIA and VILI and HPV test, the third module to 

learn how to treat VIA/VILI positive cases, the fourth how to proceed and the last to learn how 

to perform digital VIA and VILI for quality insurance of visual inspection of the cervix using 

a smartphone (51). 

In addition of digital VIA and VILI, a system to create a digitalized patient record called 

Cervical Cancer Prevention System (CCPS) has been developed. It is an m-Health application 

that allows the registration of clinical data while women are undergoing cervical cancer 

screening. All data registered in the smartphone were transmitted onto a secure, Web-based 

platform through the use of an Internet connection. Healthcare providers had access to the 

central database and could use it for the follow-up visits. Quality of data was assessed by 

computing the percentage of key data missing(52). 

Performances of smart phone based digital images: “EXAM” 

Some studies have been done to evaluate the sensitivity and specificity for D-VIA and D-VILI 

and also the quality of the photos and the quality control in order to improve cervical cancer 

screening and precancerous lesions treatment. We have extracted sensitivity and specificity 

reported in each study using our application tool, after we have pooled these   sensitivity and 

specificity using a bivariate normal model to account for the logit transforms of sensitivity and 

specificity.   
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Table 1 shows the pooled sensitivity and specificity for D-VIA and D-VILI. The pooled 

sensitivity and specificity of D-VIA is 69 % (95% confidence interval, 95% CI 61-77) and 88% 

(95% CI 84-89) respectively. D-VILI pooled sensitivity is 85% (73-97), and 86 % (83-89) for 

the specificity.  This pooled sensitivity and specificity of D-VIA and D-VILI is substantially 

comparable to the classic VIA and VILI, a recent meta analyse included 101 273 women show 

a pooled sensitivity and specificity of VIA 78% and 88 % respectively, and  a   pooled sensitivity 

and specificity of VILI of 88% and 86 %(48). 

A first pilot study was conducted in Madagascar in 2014, women aged between 30-65 years 

were recruited through a cervical cancer screening campaign. Each women was testing positive 

(N=95)  for HPV were referred for VIA followed by D-VIA, the same day the D-via was e-

mailed to a tertiary care center for immediate assessment. Each of the three off-site physicians 

were blinded to the results reported by one on suite physician and each gave their individual 

assessment followed by a consensus diagnosis. The on-site physician had a sensitivity of 66.7% 

(95%CI: 30.0-90.3) and a specificity of 85.7% (95%CI: 76.7-91.6); the off-site physician 

consensus sensitivity was 66.7% (95%CI: 30.0-90.3) with a specificity of 82.3% (95%CI: 72.4-

89.1). This first studies has shown that off-site detection of cervical lesions based on the 

evaluation of smartphone photographs was more reliable than on-site diagnosis alone (53). 

 A second study always in Madagascar assessed the clinical performance of D-VIA and D-VILI 

examinations for diagnosing cervical lesions in LMIC. The aim of this study was to evaluate 

the feasibility and performance of smartphone digital images for the detection of cervical 

intraepithelial neoplasia of grade 2 or worse (CIN2+) as an adjunct to a conventional visual 

inspection approach with acetic acid (VIA) and Lugol's iodine (VILI), in comparison with 

detection by histopathologic examination. This studies was included 88 HPV-positive women. 

The on-site physician obtained a sensitivity of 28.6% (95% confidence interval [95% CI], 3.7-

71) and a specificity of 87.2% (95% CI, 77.7- 93.7). The off-site physicians obtained a 
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sensitivity ranging between 42.9% (95% CI, 9.9-81.6; p = 0.1) and 85.7% (95% CI, 42.1-99.6; 

p = 0.13) and a specificity between 48.1% (95% CI, 36.5- 59.7; p < .001) and 79.2% (95% CI, 

68.5-87.6; p = 0.10). Conclusion of this studies was that the use of digital images for triaging 

HPV-positive women by using Smartphones allows detection of most precancerous and 

cancerous lesions and can improve cervical cancer in low-resource settings (50).  

 

After those two studies, two other studies were performed in Madagascar in 2015 using Exam 

application to evaluate the quality of smartphone images in order to assess the feasibility and 

usability of this mobile application for CC screening in LMIC. On the first study, HPV positive 

women were invited to undergo VIA/VILI assessment. Pictures of their cervix were taken using 

a Samsung Galaxy S5 with our application “Exam”, which was designed to obtain high-quality 

images and to classify them in the following sequence: native, VIA, VILI and posttreatment. 

Experts in colposcopy were asked to evaluate if the quality of the pictures was sufficient to 

establish the diagnosis and to assess sharpness, focus and zoom. A total of 208 photos were 

evaluated by three physicians, resulting in 624 evaluations. The quality was judged as adequate for 

diagnosis in 93.3 % of cases. All criteria were fulfilled in the majority of pictures. The aspect 

fulfilled in most cases was the focus (89.1%), followed by the diagnostic utility (83.7%), the 

sharpness (77.7%) and the zoom (73.7%). Study show that “Exam” smartphone application was 

able to capture high-quality images and was an efficient method for storing the patients’ data. 

As the overall pictures’ quality was judged as good, this smartphone-based approach can 

potentially be integrated in the context of CC screening (49). The second studies confirmed this 

previous results, during this study 15 clinicians assessed 240 images recorded by Exam 

application. Sensitivity was higher for the D-VIA interpretations (94.1%; 95% CI 81.6-98.3) 

than for the D-VILI interpretations (78.8%; 95% CI 54.1-92.1; P=.009). In contrast, the 
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specificity was higher for the D-VILI interpretations (56.4%; 95% CI 38.3-72.9) than for the 

D-VIA interpretations (50.4%; 95% CI 35.9-64.8; P=.005) (54).   

Performances of smart phone data collections images: “CCPS” 

The last study we performed in Madagascar in 2016 was to assess the feasibility of the CCPS: 

Cervical Cancer Prevention System mobile health (m-Health) data collection system to 

facilitate monitoring of women participating to cervical cancer screening campaign. This CCPS 

was designed to enable healthcare providers to monitor women undergoing cervical cancer 

screening, treatment, and follow-up via an icon-based application for smartphones, The CCPS 

application collected a total of 44 items, including information about the women’s identity, 

medical, and obstetrical history. All the information collected were directly transmitted to a 

electronic platform creating immediately a digital medical record for each patient.  

With this telemedicine system it was possible to have a medical distance supervision for 

management decisions.  

We practice a teaching session of two days onsite and the use of the application was well 

accepted by the medical team on site; they quickly learned how to use it and were overall 

satisfied with it. The clinical visits’ duration using CCPS was similar to that of the visits 

performed using handwritten files, taking*20 min. 

Only one datum concerning the employment status of one patient was not transferred onto the 

Medical Unit and was therefore lost, probably due to a transient crash of the application. This 

represents a data loss of less than 0.02% of all recorded data (1/6,644 recorded data: 44 data for 

each patient 151 patients). Conclusion of this study was that the quality of the data was 

satisfactory and allowed monitoring of cervical cancer screening data of participants(52), but 

Larger studies evaluating the efficacy of the system for the women's follow-up are needed in 

order to confirm its efficiency on a long-term scale. 
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Discussion 

The introduction of a smartphone-based approach for cervical cancer screening and treatment 

in such settings allow to overcome some of the barriers to the implementation of screening and 

treatments programs in developing countries. The capture of cervical images with the 

smartphone camera guarantee a good quality system of screening  and management decisions 

using expert medical distance supervision and allows to create an electronical medical record 

with all the image for each patient in order to ensure a good follow up.  

This systems allows also the user to look back in real time at either the native, post-VIA, or 

post-VILI cervix and to magnify the pictures in order to see them more closely before deciding 

whether or not to treat. In addition, the automatic saving of digital images on the smartphone 

allows the on-site, often less experienced and less qualified healthcare worker, to seek advice 

from long-distance off-site specialists. 

Moreover, the use of automated phone applications is on the rise and might improve and 

facilitate CC screening strategy in LMICs by providing a system to classify the images and to 

guide health workers through their decision-making algorithm. Such mobile health tools are 

either free of charge or come at a very low price and can be easily installed on a smartphone 

without requiring any additional equipment. Their low cost and practicality distinguish them 

from other mobile colposcopy systems, such as the MobileODT (EVA system, enhanced visual 

assessment; Tel Aviv, Israel) for which the digital images’ increased sharpness comes at the 

cost of a far more expensive and elaborate type of equipment. A study in Kenya using 

MobileODT technology show that the implementation of the decision support job aid, coupled 

with integration on the back end, enabled real time M&E of the VIA screening program was a 
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succesful and this another devices holds promise for improving the quality of care at the health 

system, organizational, and practitioner level(55) 

There are many other tools for using smartphone camera technology as a tool for DC screening. 

We can mention the ColpPHON in India for example which also showed the feasibility of its 

use for improving cervical cancer screening in resource poor countries (56). Other study show 

using telecytology (via whatapp application) are also possible and that the developments in the 

smartphone camera technology and transfer software make them efficient telepathology and 

telecytology tools(57), study in osaka using only camera of a Iphone 5 S (8 megapixels camera, 

with an aperture size of F2.2, focal length of 30 mm and a pixel size of 1.5 μm) had also 

promising  results(58). 

To finish this medical device can be used for the continuing education of the healthcare worker 

performing VIA to prevent their skills decreases. In Ghana a mHealth application has been used 

to support continuous VIA training. Result show an improving skills of the healthcare worker 

about cervical cancer screening(59). 

Conclusion 

 These aspects make the use of images taken by mobile phone a promising option for cervical 

cancer screening in low-income countries. Further prospective studies are needed in order to 

assess the performance of D-VIA and D-VILI as a single, co-testing or triage screening tool. 
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Table 1 – Summary pooled Sensitivity and Specificity of D-VIA and D-VILI using a bivariate random 

effects model 

  
Pooled Sensitivity 

(95 % CI) 
Variance logit 
(sensitivity)  

Pooled Specificity (95 
% CI) 

Variance logit 
(Specificity)  

D-VIA 69 (61-77) 0.85 88 (84-92) 0.83 
D-VILI 85 (73-97) 1.12 86 (83-89) 0.63 
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Conclusions: 
 

Reductions in Prevalence Among Vaccinated Persons:  

The main conclusion of this research is that we can in fact observe a statistically significant 

decrease in the prevalence of strains covered by Gardasil 4 in the study population. This 

reduction in the prevalence of HPV strains targeted by vaccination is found in many studies 

around the world. The effectiveness of the vaccine varies between studies, but they all point to 

a reduction in the prevalence of HPV covered by vaccination (60-66). Examples include studies 

in Europe, particularly in Luxembourg, where there is significant protection against oncogenic 

HPV, mainly 16/18 strains, with an 87% reduction in prevalence among vaccines (Odds ratio 

= 0.13 95% CI 0.03-0.63) and a reduction of 84% for strains 6/11(67). The large Australian 

studies also show results of great importance for public health. Studies that compared the 

prevalence of HPV covered by HPV vaccination before and after the introduction of this 

vaccine in 2007 in Australia have shown quite spectacular results. In fact, it was observed that 

the HPV prevalence of HPV types decreased from 22.7% (2005-2007) and 7.3% (2010-2012), 

to 1.5% (2015) (P trend <.001) among women aged 18-24, and from 11.8% (2005-2007) to 

1.1% (2015) (P = .001) among women aged 25-35(63, 68-70).  

As far as Switzerland is concerned, apart from this research work, few studies have been carried 

out for the time being to evaluate the effectiveness of HPV vaccination. Nonetheless, the CIN 

3+ study, which aimed to examine the distribution of oncogenic HPV genotypes in biopsies 

with cervical intraepithelial neoplasia stage 3 or more severe lesions (CIN3 +) at the beginning 

of HPV vaccination programs. 768 biopsies from 767 women were included in this study. The 

results showed that four hundred and seventy-five (61.8%) biopsies were positive for HPV 16 

and/or 18, 687 (89.5%) were positive for oncogenic HPV genotypes 16, 18, 31, 33, 45, 52, 

and/or or 58 and five (0.7%) were HPV negative. There was also an extremely low 

immunization coverage rate with only 10% of women reporting having received at least one 

dose of the vaccine. The conclusion of this study was that, potentially, a 90% reduction in CIN 

3+ lesions could be expected with the introduction of the monovalent vaccine and a 60% 

reduction for the quadrivalent vaccine in Switzerland (71).  

Only one other study was done to estimate the effectiveness of HPV vaccination in the general 

population in Switzerland. This is based on patient records. Jacot-Guillarmod et al. have shown 

that the prevalence of high-risk vaccine-type HPV decreased significantly (59%, P = 0.0048) 
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for participants during the post-vaccination era, which may be less than 26 years (P <0.0001) 

(72).  

 

 A recent Cochrane review conducted in 2018 and including 26 clinical studies for a total of 

73,428 participants clearly shows a significant reduction in the risk of precancerous lesions in 

vaccinated young women. All trials evaluated the safety of vaccines over a period of 0.5 to 7 

years with follow-up ranging from 3.5 to 8 years. Most of the recruits were under 26 years old. 

Three trials recruited women aged 25 to 45 years. The studies compared the HPV vaccine to a 

placebo. It can be seen that HPV vaccines reduce the risk of precancerous cervical lesions 

associated with HPV 16/18 from 164 cases to 2 cases/10,000 women. They also reduce all 

precancerous lesions from 287 cases to 106 cases/10,000 women. The conclusion of this review 

is that there is evidence of a high degree of certainty that HPV vaccines protect against 

precancerous cervical lesions in adolescent girls and women who are vaccinated between ages 

15 and 26. Protection is lower when part of the population is already infected with HPV (45).  

Another objective of this review was to know the risk of serious adverse events related to this 

vaccination. The risk of serious adverse events is comparable between the HPV vaccine and the 

control vaccine (a placebo or a vaccine against an infection other than HPV). The mortality rate 

is globally comparable (11/10,000 in the control group, 14/10,000 in the HPV vaccine group). 

Therefore, these vaccines do not increase the risk of serious adverse events, miscarriage, or 

termination of pregnancy (45, 73-75).  

It is important to note the important debate or even the controversy that currently exists over 

the results of this Cochrane review (76-78). In an article published in the BMJ Evidence Based 

Medicine in July 2018, a few weeks after the publication of this review, Professor Peter 

Goetzsche from Denmark and member of the Governing Board of the Review Cochrane 

questioned the results of this systematic review (76). Here are Professor Goetzsche's criticisms: 

• The Cochrane Review forgot about half of the eligible tests 

• The included trials used composite substitution criteria for cervical cancer 

• The review did not correctly and completely evaluate the side effects 

• The review did not correctly evaluate warning signals related to the HPV vaccine 

• Industrial trials were included with conflicts of interest not taken into account 

This thesis has no claim to respond to this debate, but it was important to point it out. 
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Cross Protection Against Other HPV Strains. 

This research did not show cross-protection in people vaccinated with other strains not covered 

by the tetravalent vaccine.  Other studies on the subject have, for their part, shown that such 

cross-protection could exist.  

A study in Scotland was the first to observe this cross-protection in the vaccinated population. 

A population-based study of vaccine-infected women with the bivalent vaccine at the age of 13 

years, 85.1% (95% confidence interval, 77.3% - 90.9%) compared with HPV 31, 33, and 

45(79). In 2018, another study, carried out this time in Holland, showed a vaccine efficacy 

against strains 31, 33, and 45 of 61.8% (95% CI, 16.7% - 82.5%). The authors suggest that 

cross-protection has no reason to reduce over time and will persist in the vaccinated population 

(80). In Luxembourg, cross-protection against HPV 31/33/45 was also observed with a 

statistically significant odds ratio (Odds Ratio = 0.41, 95% CI 0.18 - 0.94) (67). 

For the moment, there is little solid evidence to support cross-protection with the tetravalent 

vaccine. On the other hand, it may be thought that this protection exists for the bivalent vaccine 

(81, 82). 

Using Self-Sampling to Evaluate HPV Vaccinations 

The use of self-sampling as an effective tool for screening for HPV and pre-cancerous lesions 

is clearly introduced in the scientific literature. However, its use as a tool to monitor the 

effectiveness of vaccination has yet to be demonstrated.  

Our HPV-impact study showed that its use was easy and well-accepted by young women. Since 

our research, several other studies have used self-sampling with this objective to monitor the 

effectiveness of HPV vaccination in the population.  These studies in Canada, Italy, Australia, 

and Germany had different vaccine efficiencies, but all recognized that self-sampling was an 

effective tool for monitoring the effectiveness of this vaccination in real population (60, 61, 63, 

83). 

Increasing Knowledge of Target Audiences About HPV Infection and HPV Vaccinations 

Our second study showed that there were significant gaps in the knowledge that people in the 

health care profession had about HPV infections and HPV vaccination. These shortcomings, 

which are found in many studies around the world, illustrate the effort health professionals must 
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make to better inform the target population of the benefits and risks of this vaccination (84-88). 

In recent years, there has been a significant increase in mistrust of vaccination, particularly 

against HPV vaccination. A systematic review including 103 quantitative and qualitative 

studies done in Europe shows that the main determinants of not getting vaccinated are 

insufficient and inadequate information about HPV vaccination; potential side effects of the 

vaccine; issues around trust of health authorities, doctors, and new vaccines; and perceived low 

vaccine effectiveness (see Figure 7). Many of these determinants could be improved by 

adequate communication and training around this vaccination, including improved training for 

health professionals on the effectiveness of this vaccination and these potential risks (89). 

 

Figure 7: Average proportions of hesitant participants who reported certain categories of 
determinants of HPV vaccine hesitancy, by country. 

Efforts in this area have been made by the World Health Organization to provide a guideline to 

states including the HPV vaccine in their immunization program. This good practice guide is 

an aid to follow when communicating about the HPV vaccine.  

The World Health Organization's guide line clearly repeats the importance of both 

epidemiological and social immunization and the crucial role of information and 

communication for the promotion of these vaccines "Immunization should be a social norm, for which 

demand and access by all members of each community is a normal, socially acceptable health behavior. The 

introduction of the HPV vaccine should be considered as a long-term strategy to prevent cervical cancer and 

communities should demand it as a social norm for their adolescent girls. This standard can be put in place thanks 

to communication strategies"  
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The knowledge gaps that we have highlighted are often linked to the lack of knowledge of the 

virus and vaccines leading to reluctance or fear to vaccinate. The WHO guide proposes a whole 

process of change for HPV vaccination based on communication and education (see Figure 8) 

(90)  

   

Figure 8: Modification of Human Behavior towards HPV vaccination 

Future Perspectives 

HPV Vaccinations with the Gardasil 9 Vaccine 

Due to its increased ability to protect against other strains of HPV (6, 11, 16, 18, 31, 33, 45, 52, 

and 58), Gardasil 9 will be a very powerful public health tool to further reduce the incidence of 

HPV infections. Early studies suggest that the Gardasil 9 vaccine is expected to prevent up to 

90% of cervical and 96% of anal cancers in the world (91). Knowing that finding oncogenic 

HPV varies from one country to another, we can nevertheless estimate that Gardasil 9 will offer 

protection against 87.7% of cervical cancers in Asia, 91.7% in Africa, 92% in North America, 

90.9% in Europe, 89.5% in Latin America & the Caribbeans, and 86.5% in Australia (92, 93) 

(see Figure 9). 
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Figure 9: Expected regional percentages of HPV protection by Gardasil-9. Estimates are based 

on the prevalence and the sum of percent contributions of vaccine HPV types to HPV-associated 

cervical cancers in different regions     

 

The composition of Gardasil 9 against HPV is comparable to that of the quadrivalent vaccine 

in that the vaccine uses virus-like particles to elicit an immune response. This one is injected 

the same way with the same treatment plan (94). Side effects also exist. There may be injection 

site pain, such as swelling and erythema. Individuals receiving Gardasil 9 are slightly more 

likely to experience these side effects than individuals receiving the quadrivalent vaccine, 

possibly because of the increased number of virus-related particles and adjuvants in Gardasil 9. 

The rate of systemic events, such as headaches, pyrexia, nausea, and fatigue, are comparable 

for both vaccines (95, 96).  

Vaccinations for Men  

Thirty countries have already decided to extend vaccination to young male adolescents (as 

young as 11 years old) as is the case in the US, Australia, Germany, and Great Britain, in order 

to reduce the incidence, which has increased since 1974, of HPV-related cancers in men(97-

100). Although this vaccination is free of charge in Switzerland since July 1, 2016, we currently 

have little information on vaccination coverage among young men aged 11 to 26 who 

correspond to the target population of this vaccination (101).   
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Final Recommendation: 

The conclusions of this research work are that, given the effectiveness of this vaccine for 

reducing the prevalence of HPV strains, it must be better introduced and promoted in the general 

population. Better information and education of the target population regarding HPV infection 

and the benefit of this vaccination should be available in order to increase the coverage rate of 

this vaccine. Finally, the use of self-sampling will have to be part of a larger program to monitor 

the effectiveness of vaccination and in particular the effectiveness of Gardasil 9. 
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