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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-



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.



Résumé

Abstract
Contexte

Le virus du papillome humain (VPH) représente presque tous les cas de cancer du col de 1'utérus
et il est le responsable de plusieurs autres cancers, dont celui du pénis, du vagin, de la vulve, de
l'anus et de 'oropharynx, dont la base de la langue et les amygdales. 1l existe plus de 200 types
de VPH, qui sont classés en groupes a risque élevé et a faible risque selon leur potentiel
oncogéne. Parmi les types de VPH a risque €élevé, les types 16 et 18 sont les plus courants et les
plus cancérigénes. Ensemble, ces deux types de VPH sont responsables d'environ 70 % des cas

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

Chaque année en Suisse, 260 femmes développent un cancer du col utérin et pres 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 quatriéme position par ordre de fréquence des cancers féminins dans la tranche d’age
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 a 1’age de leur premier dépistage. Le défi a venir sera de réussir a 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 oncogeénes 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 I’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 infirmic¢res. 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.



Meéthodes

Notre recherche a compris deux études différentes :

La premiére avait pour objectif d’évaluer la prévalence des HPV dans une population de jeunes
femmes de 18-31 ans, en formation d’infirmiére, sage-femme et de médecin. Les participantes
réalisaient un auto-prélévement HPV a domicile et I’envoyaient directement a 1’hdpital de
Geneve pour avoir leur résultat sans passer par leur gynécologue.

La deuxiéme étude avait pour objectifs d’évaluer les connaissances et attitudes au sujet de
I’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 a 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
¢taient 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 extrémement 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 deuxiéme étude, nous avons constaté une faible connaissance des jeunes hommes et
femmes infirmier-eres et sage-femme concernant cette infection par HPV et sa vaccination
voire méme 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 ’efficacit¢ 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 étre fait pour pouvoir augmenter le taux de
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couverture vaccinal. Enfin I'utilisation du self sampling devra s’inscrire dans un programme

plus large de monitoring de I’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:

e 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).

e 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).

Oncoprotéines

LCR /m

Y ad
.

Protéines majeure

de capside Réplication de 'ADN viral

hélicase

Protéine mineure

de capelle Controle de la transcription

Réplication de 'ADN viral

Prolifération cellulaire Amplification du génome viral
Amplification du génome Interaction avec le cytosquelette

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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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).
HPYV 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, 11, 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).

HPYV 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).

HPYV 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.

HPYV 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).

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

USA Canada Panama Argentina Colombia  Paraguay  Barbados  Bahamas  Antigua&
Guyana Mexico Suriname Brazil Ecuador Barbuda
Peru Trinidad Chile Belize
& Tobago Honduras
Uruguay
Igii G k land land Bulgaria Finland Andorra Croatia
France Liechenstein Macedonia  Latvia Monaco Czech Rep. Austria Cyprus
Germany Luxembourg Norway Netherland Malta Hungary Lithuania
Italy Portugal Russia(P) Sweden Slovakia
Spain Romania Slovenia
San Marino
Switzerland
UK
Rwanda Lesotho Libya Seychelles Botswana  Sao Tome &
Uganda South Africa Principe
Senegal
United Arab Buthan Japan Brunei Israel Philippines
Emirates (P) Malaysia Kazakhstan(P) R.Korea
Singapore Turkmenistan
Australia Marshall Is. Micronesia Kiribati Fiji Vanuatu

New Zealand Palau

(P) = Partially introduced
Bold = High income countries

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.

23



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 Ecole de Santé de Genéve), 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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Abstract: Background: The human papillomavirus (HPV) vaccination program for young girls aged
11-26 years was introduced in Switzerland in 2008. The objective of this study was to evaluate the
prevalence of high- and low-risk HPV in a population of undergraduate students using self-
sampling for monitoring the HPV vaccination program'’s effect. Methods: Undergraduate women
aged between 18-31 vears, attending the Medical School and University of Applied Sciences in
Geneva, were invited to participate in the study. Included women were asked to perform vaginal
self-sampling for HPV testing using a dry cotton swab. Results: A total of 409 students participated
in the study —aged 18-31 years—of which 69% of the participants were vaccinated with Gardasil
HPV vaccine and 31% did not received the vaccine. About HPV prevalence, 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). We observed no cross-protection for the other HPV genotypes of a
low- and high-risk strain. Conclusions: Prevalence of HPV 6/11/16/18 was lower in vaccinated
women versus unvaccinated women. Continued assessment of HPV vaccine effectiveness in real
population is needed.

Keywords: HPV; self-sampling; vaccination

1. Introduction

Cervical cancer is one of the leading causes of cancer-related death among women worldwide
[1]. The development of cervical precancerous and cancerous lesions is a direct consequence of genital
human papillomavirus (HPV) infection, which has been identified as the most common sexually
transmitted infection in the world [2]. The introduction of HPV vaccinations represents a primary
preventive measure, which, if given to young girls prior to the onset of sexual activity, can potentially
alleviate the burden of the HPV infection [3]. Recent studies have predicted that cervical cancer rates
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will be drastically reduced in about 10-15 years, thanks to the impact of the HPV vaccination and
HPV-based screening [4].

In the United States, where the HPV vaccination was introduced in 2006, the population-based
sentinel surveillance system has shown that the prevalence of HPV-16/18 in cervical intra-epithelial
neoplasia grade 2 or worse (CIN2+) has decreased from 53.6% to 28.4% among women who have
received at least one dose of the vaccine [5]. Another trial conducted in England has found HPV-16/18
prevalence to be reduced from 19.1% to 6.5% prior to and after the introduction of the vaccine,
respectively [6]. In Australia, monitoring surveillance demonstrated a very low prevalence of
vaccine-related HPV genotypes after eight years post-initiation of a national HPV vaccination
program [7].

About 300 women in Switzerland are diagnosed with cervical cancer annually, with a risk of 2
per 100 of dying from this disease. The HPV vaccination program for young girls aged 11-26 years
was launched in Switzerland in 2008 as a part of cervical cancer prevention, with the aim to prevent
cervical cancer and other HPV-related disease. The quadrivalent vaccine (targeting HPV16, 18, 6, and
11) is currently administered to girls aged 11-14 years, both in schools and in healthcare centers.
While it is known that the vaccination coverage rate varies widely among the different Swiss cantons,
from a minimum of 20% to as much as 60% of the target population, little is known about the
vaccination’s direct impact on the HPV infection rates. The differences in cantonal coverage rates can
be explained by the fact that each Swiss canton organizes the vaccination campaigns and the relative
program on its own, thus explaining the disparities and the lack of national coordination [8]. The lack
of current data on the impact of the HPV vaccination in the country, therefore, makes it difficult to
monitor the program'’s efficacy.

The primary aim of this study was to evaluate the prevalence of high- and low-risk HPV in a
population of undergraduate students using self-sampling for HPV testing. The results of this study
will allow an estimation of the HPV vaccination program'’s effectiveness, as well as the acceptability
of HPV self-sampling as a means to track down the infection among vaccinated young girls in
Switzerland.

2. Methods

2.1. Study Population and Setting

This study took place in the city of Geneva, which is situated in the canton of Geneva,
Switzerland, between January 2016 and October 2017. The enrolled participants were undergraduate
nurse and midwife students in their first, second, or third year of studies, as well as undergraduate
students attending their first through fifth year of Medical School at the University of Geneva (years
1 to 6). All women aged 18-31 years were included; exclusion criteria were history of total
hysterectomy or having undergone cervical treatment in the past 12 months.

2.2. Study Procedure

Information about the trial was delivered through the University website and by the study
investigators, who sent an email to the target population describing the study and then delivered a
short presentation about the study after the main course’s classes.

The HPV self-collection kit was directly distributed to women who expressed an interest to
participate in the study at the end of class. The kit included a dry Dacron swab; a collection tube;
instructions with explanatory pictures for self-sampling; a flyer explanation about HPV infection,
cervical cancer screening, and cervical cancer; an informed consent form; and a questionnaire on
socio-demographics. Self-sampling was performed at home, and the kit, including both the swab and
filled-out questionnaire, was collected by the study investigators two to three days later. Additional
information about HPV and the test results were delivered by a designated study investigator upon
request. Sampling kits were provided free of charge.

2.3. Data Collection
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Each participant was asked to fill out a questionnaire reporting her socio-demographic
characteristics (age, nationally), sexual behaviors (number of sexual relations, use of
contraception/protection device), questions about HPV vaccination (number of doses received, name
of the vaccine), and questions about her acceptability of self-sampling.

2.4. Self-Sampling Procedure and Sample Preparation

Women were asked to gently insert the swab in the vagina, while being careful to avoid contact
with the external genitalia, and to carefully turn it up to five times either clockwise or counter-
clockwise. They were asked to then place the swab back into the dry tube, and to securely close it and
put it back into its plastic bag containing the rest of the kit’s material.

Each swab was then placed into a tube containing 3 mL of ThinPrep and vortexed for 45 s. A
total of 350 pL of the solution was then placed into a 5-mL, cone-shaped bottom tube (Eppendort
Tube, Merck KGaA, Darmstadt, Germany). The samples were promptly sent to Buhlmann
laboratories for analysis.

2.5. Laboratory Analysis

DNA extraction was performed using the NIMBUS-IVD (Hamilton, Reno, Nevada) and the
extraction reagents StarMag (Seegene, Seoul, Korea). Amplification and detection was then
performed with the Anyplex™ II HPV high risk (HR) Detection (Seegene, Seoul, Korea) using the
CFX96™ real-time thermocycler. Data recording and interpretation were automated. Anyplex Il is a
semi-quantitative real-time multiplex PCR assay for screening and HPV genotyping. This test uses
dual priming oligonucleotides (DPO™) and tagging oligonucleotide cleavage and extension
(TOCE™) technologies and allows the simultaneous detection and genotyping of 19 high-risk HPVs
(including types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, and 82) and 9 low-risk
HPVs (6, 11, 40, 42, 43, 44, 54, 61, and 70). As an internal control of assay validity, the p-globin gene
is also detected. By knowing the step at which the melting curve becomes positive, semi-
quantification of the DNA load of the (-globin and HPV genomes is made possible; this can vary
from low (+; positive after 40 PCR cycles, <10* copies/reaction), to intermediate (++; positive within
31 to 39 PCR cycles, 2102 and <10° copies/reaction), to high (+++; positive before 31 PCR cycles, 210°
copies/reaction).

Whenever the quantity of HPV genome was not high enough to be detected by the Anyplex II
device after running up to 40 PCR cycles, the test result was considered invalid. Analyses were run
twice before considering the test result as “invalid”.

2.6. Study Sample

Sample size was obtained based on estimated prevalence of 6% of HPV 16/18 infection in the
Swiss population aged less than 30 years. A total of 400 specimens would be needed to detect about
an 85% reduction in HPV 16/18 prevalence (prevalence of 0.9% in the vaccinated population), given
an 80% power and a two-sided significance level of 95%. Therefore, we estimate that a sample size of
400 women will be adequate for the analyses.

2.7. Statistical Analyses

Statistical analyses were run using STATA 13. Normality of the distribution was tested by the
Kolmogorov-Smirnov test. Descriptive statistics and frequencies were analysed for all variables.
Prevalence of HPV infections was evaluated for any HPV type, low vaccinated types (6 and 11), and
high-risk types (16 and 18). Low- and high-risk non-vaccine types were also evaluated. t-test and Chi
square test were used for the descriptive statistics and for the comparison between variables. A p
value of less than 0.05 was considered as statistically significant.

A multivariate logistic regression was used to compare differences in HPV prevalence between
vaccinated and unvaccinated women. It was also performed to identify factors associated with HPV
prevalence and socio-demographic factors. The status of HPV infection (infected or not infected) was
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used as the primary outcome. In multivariable models, only those covariates that were of a priori
interest of univariate analysis were included.

2.8. Ethical Approval

The study was approved by the Central Ethics Committee on Human Research of the Geneva
University Hospitals (approval number: 15-257). This study was conducted in accordance with the
Swiss law, as well as in accordance with the recommendations of Good Clinical Practices (ICH E6-
1996) and the Declaration of Helsinki (Fortaleza, Brazil, October 2013). The trial was registered under
cliniclatrials.gov with the identifiers: NCT03474211.

3. Results

3.1. Participants’ Socio-Demographic Characteristics

A total of 409 undergraduate students performed HPV self-sampling at home for HPV DNA
testing and filled out the given questionnaire, and were thus included in the study.

The participants’ baseline characteristics are presented in Table 1. The mean age was 24 years
(range 18-27); 55% of the participants were medical school undergraduate students (first to sixth year
of medical curriculum), the other 45% were nursing students or midwives in their first, second, or
third year of their Bachelor’s degree). The majority of the participants were Swiss (89%), 7% of them
came from France, and 3% came from other European countries or non-European countries (South
America or Africa).

A total of 80% of the participants were non-smokers and 8.6% smoked on a daily basis. Overall,
2.4% of the women reported never having had sexual intercourse; these women were nevertheless
included in data analyses.

Table 1. Study participants socio-characteristics. HPV —human papillomavirus.

Characteristic Studzllloglgl)atlon
" % or 95% Confidence
Mean Interval
Age (mean years) 24 21.1 272
Recruitment site
Faculty of medicine 225 55.0% 50.2 59.8
School of health sciences 184 45.0% 40.2 49.8
Country of birth
Switzerland 365 89.2% 85.9 92
France 30 7.3% 5.1 10.2
Other European country 10 2.4% 12 43
other country 4 1.0% 03 23
Tobacco smoking
Yes, every day 35 8.6% 6.1 116
Yes, but not every day 45 11.0% 8.2 14.3
No, never 329 80.4% 76.4 84
Have you ever had sexual intercourse
Yes 399 97.6% 95.7 98.7
No 10 2.4% 12 43
Your age at your first sexual intercourse (mean years)
Average 17 16.7 172
How many sexual partners did you have in your life (mean number
of partner)
Average 53 45 6.2
Do you use condoms as a means of protection/contraception
Never 120 29.3% 22.7 314
Sometimes 90 22.0% 18.2 26.2
Often 100 24.4% 20.5 28.8
Always 99 24.2% 20.2 284

Have you been vaccinated against HPV

31



Int. J. Environ. Res. Public Health 2018, 15, 1447 5 of 10

Yes 284 69.4% 64.8 737
No 125 30.6% 26.4 352
How many doses of HPV vaccine have you received (only for
vaccinated women n = 284)

One 20 7.0% 74 145
two 60 21.1% 16.7 26.2
Three 204 71.8% 66.4 76.8
Your age when you receive the first dose of the HPV vaccine (mean
years)
Average 14.8 14.2 15.6
Have you checked your vaccination record to answer previous
questions
Yes 220 53.8% 49 58.
No 189 46.2% 41.4 511
In general, do you think that HPV vaccination is a vaccination:
More important than others 14 34% 19 55
Less important than others 74 18.1% 146 22
As important as the others 321 78.5% 74.3 823

Would you recommend to your family/friends this self-sampling
as monitoring vaccination
Yes 367 89.7% 86.5 92.4
No 42 10.3% 7.6 135
In case of positivity of your self-collection, we authorize you to
contact you again
Yes 405 99.0% 97.6 99.7
No 4 1.0% 0.3 2.3

3.2. Vaccination Status

Overall, 69.4% of the participants were vaccinated with a minimum of one dose (284/409).
Among the vaccinated participants, 72% had received all three doses of the HPV vaccine, while
21% had received two doses and 7% had received only one dose. All participants in our study were
vaccinated with Gardasil.

A total of 75% of the vaccinated students were aged 18-23 years; the vaccination coverage rate
was not statistically different between the medical students and the nursing students or midwives
(71% versus 67%, respectively, p = NS). The mean age at the time of first vaccination dose was 14.8
years. The majority of the participants (75%) reported that the HPV vaccination was as important as
the other vaccinations recommended in Switzerland, while up to 18% of them believed that this
vaccination was less important than other vaccinations recommended in Switzerland.

3.3. HPV Genotype Prevalence and Distributions

Figure 1 shows the genotype and prevalence distribution of HPV infection according to the
genotype. Overall, 31.1% (127/409) of the swabs were positive for the presence of HPV DNA.
Gardasil-targeted HPV genotypes were detected in 6.1% of the participants, who were positive for
HPV-16/18, while 6.8% of the women were positive for HPV-6/11. A total of 15% of the participants
were infected by multiple HPV genotypes. The prevalence of other HPV genotypes was 5.1 for HPV-
31, 3.7% for HPV-33, 4.2% for HPV-45, and 2.7% for HPV-55.

Figure 2 presents the HPV prevalence of Gardasil-targeted genotypes; we found that 7.2% of the
unvaccinated population was HPV-16/18-positive, while only 1.1% of vaccinated women were
infected by HPV-16/18 (p < 0.001). The prevalence HPV-6/11 was 8.3% among unvaccinated women
versus 2.1% in the vaccinated group (p <0.02). This difference was statistically significant for women
of all ages. Prevalence for other HPV high-risk strains was not statistically different between
vaccinated and unvaccinated women: 10.3% versus 11.2% p = NS.
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Figure 1. Human papillomavirus (HPV) genotype prevalence and distributions. In the case of
multiple genotypes, each genotype was counted independently.
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Figure 2. HPV prevalence 6/11 and 16/18, and other high-risk HPV according to vaccination status.

3.4. Relationship between HPV Infection and Sociodemographic

Table 2 reports the association between country of origin and HPV positivity. Non-Swiss women
had higher odds ratios of being HPV-positive than the participants who came from Switzerland,
(Adjusted OR (aOR) = 4.4 confidence interval (CI) 95% [1.3-7.6] and aOR = 3.8 CI 95% [2.4-4.1],
respectively). There was also a very strong association between sexual activity and HPV positivity,
as young women who reported having more than five different sexual partners throughout their sex
life had higher odds of being infected with HPV when compared with women who had only one
sexual partner aOR = 7.8 CI 95% [2.4-12.2]. Female students who sometimes used condoms were
more likely to be HPV-infected than those who reported always using condoms aOR 7.5 CI 95% [6.3—
8.7], this relationship was also found for those who never used a condom aOR 6.6 CI 95 % [4.8-8.2].
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Table 2. Association between HPV positivity and socio demographic factor.

OR  95% CI Adlc;‘l’;md 95% CI
Recruitment site
Faculty of medicine 1 - 1 -
School of health sciences 13 09-17 14 0.9-1.8
Country of birth
Switzerland 1 - 1 -
France 12 0519 09 03-16
Other European country 34 2137 38 24-41
other country 49 17-81 44 1.3-7.6
Tobacco smoking
yes, every day 1.7 0727 15 0.5-3.1
yes, but not every day 15 0827 17 09-2.8
No, never 1 - 1 -
Have you ever had sexual intercourse
Yes 78 6.7-8.9 72 6.2-8.5
No 1 - 1 -
How many sexual partners did you have in your life (mean number of
partner)
0.01- 0.01-
0 02 035 03 037
1 1 - 1 -
2-5 3.6 21-6 3.3 2.3-6.3
>5 9.8 54-142 78 24-12.2
Do you use condoms as a means of protection/contraception
Never 63 47-79 6.6 4.8-8.2
Sometimes 7.9 6.8-9 7.5 6.3-8.7
Often 26 0952 25 09-5.2
Always 1 - 1 -
Have you been vaccinated against HPV
Yes 121' 7.1-152 89 59-13.2
No 1 - 1 -
How many doses of HPV vaccine have you received
One 14 07-21 15 0.7-2.1
two 11 0319 13 0522
Three 1 - 1 -

Statistically significant results in bold.

3.5. Acceptability of Self-Sampling

Overall, 100% of the participants accepted to repeat self-sampling in order to evaluate their HPV
clearance over time, and 85% of the participants reported that they would prefer self-sampling to the
conventional pap smear for cervical cancer screening in the near future (p = 0.001). A total of 76%
participants reported that self-sampling was not painful; only 8% found self-sampling very painful,
while 97% found that self-sampling was easy to use.

4. Discussion

In this analysis performed on self-collected home samples of undergraduate medical and non-
medical students, we found a low HPV prevalence of the Gardasil-targeted HPV genotypes. The
canton of Geneva vaunts one of the best immunization coverage rates in Switzerland, reaching a
target population coverage of nearly 80% [9]. One can assume that our results would have been very
different in a canton with low immunization rates, which can go as low as less than 20% of the target
population.

Our population constituted of future medical doctors, midwives, and nurses, and had a lower
vaccination rate than that of the general population [9]. This under-representation of the vaccination
rate among health professionals has been observed for other vaccines as well, such as the influenza
vaccine [10-12].
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We found a statistically significant difference in the prevalence of high-risk genotypes (6/11/16
and 18) between vaccinated and unvaccinated young women. These findings confirm the results of
other studies on the effectiveness of the HPV vaccination as a means to decrease the prevalence of
vaccine-targeted HPV types [13-16]. On the other hand, we observed no cross-protection for the other
HPV genotypes, as we found no significant difference in the prevalence of non-Gardasil targeted
genotypes between vaccinated and unvaccinated women, similar to other studies on the subject
[17,18].

Other studies, however, have questioned this non-cross-protection. Saccucci et al. have shown a
cross-protection in the first eight years after the HPV vaccine’s introduction in the United States in
2006 [19]. Another study assessing the effect of the introduction of the vaccine on the rates of infection
of non-vaccine HPV genotypes in community settings have demonstrated a possible cross-protection
effect [20,21], although the clinical significance of such phenomena is not yet fully understood, nor is
it sufficiently evidence-based to draw conclusions. Continuous monitoring of HPV genotypes, both
vaccine-targeted and non-vaccine-targeted, is important to evaluate the possible cross-protection
effect. It is possible that, with the forthcoming of the nine-valent HPV vaccine in Switzerland, the
prevalence of other HPV genotypes in the population will drop.

Our results support the existence of associations between country of birth and number of sexual
partners with the likelihood of HPV infection. To reduce the impact of these risk factors on the
development of the relative sexually-transmitted infection, public health campaigns should be
directed toward promoting a greater population awareness about the HPV infection’s transmission,
outcomes, and primary measures of prevention.

The use of self-sampling to measure the prevalence, distribution of HPV genotypes, and HPV
vaccination effectiveness in our study population has proven to be effective. Moreover, a meta-
analysis on the subject has shown that when PCR-based assays that amplify DNA viral sequences are
used, the performance of HPV testing on clinician-collected samples is comparable to that of self-
collected samples, such as the ones used in the present study [22]. Self-sampling has been reported
to be more acceptable than physician-performed cytology testing, with women describing self-
sampling as far more comfortable and practical than clinician-based sampling, which systematically
entails a pelvic examination [23]. In our study, self-sampling proved to be a valid alternative to the
standard vaccination program monitoring, thus proving to be a rather promising public health tool
to monitor the effectiveness of HPV vaccination programs. Similarly, another study conducted in
Canada has found that this strategy was a valid alternative to physician-performed vaginal sampling
to evaluate the effectiveness of the HPV vaccination program [24,25].

5. Strength and Limitations

To our knowledge, this study was one of the first to directly assess the prevalence of HPV and
the effectiveness of the HPV vaccination directly in the population through the use of self-sampling
in Switzerland. The other studies carried out on the subject had a more modeling objective of the
prevalence of this infection after the introduction of the HPV vaccination in Switzerland without
trying to measure it directly in the population [26], but one large study with another methodology
had shown the same results in another Swiss county [27].

Another strength was represented by the fact that we used a real-time PCR to estimate the HPV
prevalence in the study population. In addition, as opposed to other trials using self-sampling, which
registered between 0.5 and 0.7% of unsatistactory HPV test results, we had no invalid results.

This study has some limitations that need to be addressed. The population sample is constituted
exclusively of undergraduate students, which limits the generalization of our findings to other
populations or settings. Additionally, the study sample size was not powered to detect any potential
cross-protection of the vaccine-targeted HPV genotypes.

6. Conclusions

Our findings support the HPV vaccination’s effectiveness as a means to lower the prevalence of
the infection with most oncogenic genotypes in a population of young women. The decreasing
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prevalence of the infection, therefore, represents one step closer to the prevention of the development
of cervical cancer, which is the vaccination’s long-term aim. As self-sampling was well accepted by
participants for monitoring the effectiveness of the HPV vaccination program, such a finding may
support the use of self-sampling for cervical cancer screening, in the view of alleviating the world
population from the burden of cervical cancer. In this study, we observed no cross-protection for the
other HPV genotypes—low- and high-risk strains—between vaccinated and unvaccinated women.
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Abstract: Background: Human Papillomavirus is a common sexually transmitted infection,
representing the main cause of genital warts and cervical cancer. The objective of this study
was to evaluate basic knowledge and beliefs regarding HPV infection and HPV vaccine among
undergraduate healthcare men and women students, as well as their attitudes towards HPV vaccine.
Methods: Undergraduate women and men (nursing and midwifery curses) attending three Schools of
Health Sciences located in Switzerland. A total of 427 women and 223 men have completed the web
questionnaire, which included questions on their socio-demographic background and about basic
knowledge and attitudes toward the HPV infection and vaccination. Results: Women undergraduate
students have a better knowledge of HPV infection than their men counterparts, although there
was a significant gap in knowledge of the disease’s mode of transmission and prevention. Among
women, 72.6% of respondents reported having received at least one dose of HPV vaccines versus
31.4% for men respondents. Conclusion: The results of this study revealed a poor understanding
among undergraduate healthcare men and women students about the HPV infection, its mode of
transmission and its prevention. Our findings highlight the need to improve education on HPV for
undergraduate healthcare students in order to increase the awareness of the disease.

Keywords: cervical cancer; human papillomavirus (HPV); undergraduate students

1. Introduction

Human papillomavirus (HPV) is the most common viral of the reproductive system. Most
sexually-active men and women will be infected with HPV at some point in their lives, while some of

them will be repeatedly infected [1]. Although the majority of virus types are harmless, over 40 of
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them may cause cancer. Papilloma viruses can be transmitted through vaginal, oral, or anal sex. While
they privilege the genital mucosae, these viruses can also reach the throat and cause pre-cancerous or
cancerous lesions [2].

Two-thirds of HPV infections are asymptomatic. The persistence of high-risk HPV types, however,
can cause various types of precancerous and cancerous lesions, including cervical cancer. In addition,
HPV infections are responsible for other forms of cancer that can also affect men. Low-risk HPV can
cause ano-genital warts (condyloma), which are common in both men and women. Over the course of
life, 1 in 10 people on average will be affected [3].

In Switzerland, more than 5000 women are diagnosed with cervical pre-cancer each year and
require further tests and/or surgery. They are most often young women, although cancer can sometimes
only appear 20 or 30 years after the primary HPV Infection. Despite the implementation of screening,
about 250 women will present cervical cancer in Switzerland every year [4].

Among over 200 HPV types, 14 of them can infect the genital organs in both women and men.

Similarly to women, while infections may disappear over the years in some men, they may also persist
in others. One recent study has shown that approximately three to four million cases of genital warts
occur each year in men, with a peak rate of 500 per 100,000 in the 25-29 year-old men [5]. Another
study conducted in the United States of America (USA) has estimated that about 2120 men in the
U.S. will be diagnosed with cancer of the penis in 2017, while about 2950 men will be diagnosed with
anal cancer [6].

In Switzerland, HPV infections were the main cause of anal cancer, which is diagnosed every year
in 200 new cases, 90% of which are caused by HPV type 16 and 18 [7]. HPV can also take part in the
development of other cancers in the genitals (penis) and throat. These cancers were, however, much
rarer than those of the cervix and anus.

The introduction of the HPV vaccination represents the most important primary prevention
measure against HPV-related precancer and cancer [8]. The currently available vaccines in Switzerland
are Gardasil® and Cervarix®, both of which protect against HPV genotypes 16 and 18. Gardasil®,
which has been available on the international market since 2007, also covers against genotypes 6
and 11, which are mostly responsible for the development of genital condylomas [9]. This 9-valent
vaccine, which protects against five additional types of oncogenic HPV (HPV 31, 33, 45, 52, 58), was
launched on the Swiss market in 2016. The cantonal programs, however, have integrated it in their
vaccination campaigns in 2019. If vaccination is successfully started before the 15th birthday, two
injections at six-month intervals are recommended, starting from the 15th birthday, three injections
over a period of at least six months are necessary for optimal protection. Swiss health authorities
recommend vaccination against HPV to all teenagers aged 11 to 14 years. Since HPV-related diseases
occur more frequently in women than in men, vaccination is recommended for girls as one of the
mandatory vaccines, while for boys it is currently considered a supplementary vaccination. Since
January 2016, Gardasil® 9-valent was available and free of charge for boys in the majority of the
Swiss cantons. The national coverage rates in Switzerland are assessed using the cantonal rates as
part of the Swiss National Vaccination Coverage Survey (SNVCS). Concerning the HPV coverage rate,
the most recent data are from the period 2014-2016. A study on the 2017-2019 period is currently
underway, but the results are not yet available. For the period 20142016, the results were as follows:
For two doses, after increasing from 24% in 2008-2010 to 54% in 20112013, the coverage rate no longer
increased significantly during the period 20142016 and now stands at 56%. An analysis of the dose
gap shows that during the last investigation period, only 48% of girls had received a valid two- or
three-dose schema

One of the main challenges for the Swiss public health HPV vaccination program is to develop
accurate forms of communication and information about the HPV infection. Research has identified
that health professionals play an important role in vaccines uptake. Moreover, there is a lack of
initiatives to improve education among undergraduate healthcare students about HPV infection,
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consequences, and prevention [10]. For a large majority of these young adults (women or men),
the internet is the main and only source of information.

In order to make a conscious, informed decision about the vaccine’s uptake, the target population,
which includes both women and men, should understand the importance of prevention through HPV
vaccination, and the issues associated with the persistence of the infection.

Accurate knowledge about HPV infection and HPV vaccination are two critical points to make
appropriate evidence-based health care choices. Consciousness about the knowledge of undergraduate
health students on HPV infection and vaccination is important for the students themselves, but also for
the society, as spreading the correct information about the vaccines is a fundamental point in ensuring
community support [11].

Education of the community was, therefore, an essential step in the primary prevention of the
HPV infection. This study aimed to evaluate (1) the basic knowledge and beliefs regarding HPV
infections and HPV vaccines among undergraduate healthcare women and men students (nursing and
midwifery) and (2) their attitudes towards the HPV vaccination.

2. Methods

2.1. Population

Recruitment of the study participants took place from January to March 2019 at three Schools of
Health Sciences located in Switzerland. Men and women aged 18 years or older, currently attending
these three Schools of Health Sciences to obtain a nursing or midwifery degree in their first year, second
year, or third year, were invited to participate in the study.

2.2. Study Design

Announcements about the study were given by previously informed professors who were teaching
classes at the School of Health Sciences. An email was also sent by the study investigators to the
students prior to their recruitment.

The survey instrument was an online self-administrated anonymous questionnaire developed
using SurveyMonkey software (Palo Alto, CA, USA). This software automatically saves responses
into a secure database, thus protecting the participants’” confidentiality. On the first page of the web
questionnaire, the participant could view a consent form, informing him/her of the study objectives
and procedures. The participants had the right to refuse or terminate their participation in the study
at any moment, in which case the time of study drop-out was indicated in the questionnaire. If the
participants accepted to participate in the study, they were asked to tick a box in order to accept the
informed consent form. If the participants did not agree to participate, the webpage automatically
closed down. Three email reminders were sent at one, two weeks and three weeks after the first
invitation, unless an individual requested to be removed from the mailing list throughout the process.
The web-based survey was automatically closed 10 weeks after having sent the first invitation.

2.3. Study Tool

The questionnaire included three parts. The first part contained items about the socio-demographic
characteristics of the participants. The second part contained items about basic knowledge of the HPV
infection (17 items), and basic knowledge about HPV vaccination (seven items), where he/she could
answer either “yes” or “no”. The third part contained items about the participants’ attitude toward the
HPV vaccination (six items). The content’s validity was evaluated by three experts (nurse, midwife,
and epidemiologist), and a feasibility study was previously performed on 15 nurses and five midwives
(not publish). The questionnaire was developed in French, based on previous surveys evaluating HPV
knowledge, attitudes and perceptions [12-17].
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2.4. Sample Size

The total number of nursing and midwifery students enrolled at the three selected Schools of
Health Sciences is around 1°200 students: A minimum sample size of # = 600 was calculated based on
a confidence interval of 95%, a significance level of 0.05, a power of 80%, and response rate of 50%.

2.5. Statistical Analyses

Data collected by the Survey Monkey was exported to a Microsoft Excel database.

Statistical analyses were run using STATA 13. Normality of the distribution was tested by the

Kolmogorov—Smirnov test. Descriptive statistics and frequencies were analyzed for all variables.

The t-test and Chi-square test were used for the descriptive statistics and for the comparison between
variables. Logistic regression models were used to assess the associations between explicative variables
and the status of the HPV vaccine’s uptake. The status of HPV immunization on women and men was
used as the primary outcome. For this purpose, an individual was considered as vaccinated when
he/she had received at least one dose of the vaccines. At the multivariate analysis, only those covariates
considered to be of interest based on the univariate analysis” results were included. All the hypotheses
were two-sided, and results were considered significant at 0.05.

2.6. Ethical Approval

The study protocol was approved by the ethical cantonal board in Geneva (Commission Cantonale
d’Ethique et de la Recherche—CCER) with the identification number Req-2019-00118. All participants
signed an informed consent form prior to taking part in the study. The trial was registered under
cliniclatrials.gov with the identifiers: NCT03888599.

3. Results

3.1. Participants Socio-Demographic Characteristics

A total of 650 men and women undergraduate students accepted to participate in the study and
answered the entire questionnaire online and were thus included in the study.

The participants” baseline characteristics are presented in Table 1. The mean of age was 23.1 years
(range 18-35), 66% of the participants were nursing women students or midwives in their first year,
second year or third year of Bachelor’s degree, the other 34% were nursing men students in either
their first year, second year or third of Bachelor’s degree, while no midwifery man student took part in
the study. The majority of the participants were Swiss (77%), 14% of them came from Europe (mainly

France 10%) and 9% came from non-European countries (mainly either South America or Africa).

The vast majority of the participants were not married (85%). A total of 65% of the participants were

non-smokers. Overall, 9.2% of the women and men reported never having had sexual intercourse.

The reported age of first intercourse of 17.5 years was the same for both women and men. A total
of 14% of women students declared that they did not use a contraceptive method, 9.5% of the entire
group had never used a condom, and 82% of them were sexually active.
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Table 1. Socio-demographic characteristics of the study population.

N Yo
Total 650
Age (mean/SD) 231 8.16
Range (min-max) 18-35
Gender
Women 427 65.7%
Men 223 34.3%
Birthplace
Switzerland 502 77.2%
Europe 90 13.8%
Other 58 8.9%
Relationship status
Married 554 85.2%
Not married 96 14.8%
Smoker
Yes 423 65.1%
No 227 34.9%
Ever had sexual Intercourse
Yes 559 86.0%
No 60 9.2%
Missing 31 4.8%
Age of first sex encounter (mean/SD) 17.5 1.83
Number of sexual partners in lifetime (mean/SD) 5.3 0.043
Women 3.6 7.8
Men 8.7 59
Contraceptive method (question only for women N = 427)
vaginal ring 128 30.0%
hormonal [UD 16 3.7%
Injectable 2 0.5%
withdrawal 50 11.7%
condom 171 40.0%
no method 60 14.1%
Condom use during sexual intercourse
Never 62 9.5%
Occasional 231 35.5%
Always 357 54.9%
Currently sexually active
Yes 533 82.0%
No 117 18.0%

3.2. Students Basic Knowledge about HPV

Table 2 shows the basic knowledge and beliefs about HPV infection and vaccination. Most of
the students (women and men) knew that cervical cancer was strongly linked to the HPV infection
(over 90% of positive responses), a vast majority of them was aware that HPV could to be sexually
transmitted (86% of women and only 67% of men obtained positive response). The majority of women
(84%) knew that HPV was responsible for genital warts, while only 61% of men answered this question.
QOverall, 75% of men and 42% of women believed that HPV infection could be treated with antibiotics.
Nearly 50% of men students believed that men could not be infected with HPV.
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Table 2. Knowledge and beliefs regarding HPV infections and HPV vaccines.

Women N = 427 Men N = 223
Correct Answer True Response False Response True Response False Response

HPV Knowledge Questions N Yo N Yo N Yo N Yo
The type of cancer highly associated with HPV infection is uterine cancer True 400 93.7% 7 6.3% 205 91.9% 18 8.1%
HPV can be sexually transmitted True 368 86.2% 59 150 67.3% 73 32.7%
Having many sexual partners increases the risk of getting HPV True 334 78.2% 93 135 60.5% 88 39.5%
HPV can be passed on during sexual intercourse True 298 69.8% 129 125 56.1% 98 43.9%
A person could have HPV for many years without knowing it True 267 62.5% 160 135 60.5% 88 39.5%
HPV always has visible signs or symptoms False 231 54.1% 196 150 67.3% 73 32.7%
HPV is very rare infection False 285 66.7% 142 138 61.9% 85 38.1%
There are many types of HPV True 306 71.7% 121 147 65.9% 76 34.1%
Using condoms reduces the risk of getting HPV True 370 86.7% 57 187 83.9% 36 16.1%
HPV can be passed on by genital skin to skin contact True 214 50.1% 213 147 65.9% 76 34.1%
HPV can cause genital warts True 360 84.3% 67 136 61.0% 87 39.0%
HPV can cause herpes False 258 60.4% 169 141 63.2% 82 36.8%
HPV can be cured with antibiotics False 245 57.4% 182 54 24.2% 169 75.8%
Most sexually active people will get HPV at some point in their lives True 201 47.1% 226 157 70.4% 66 29.6%
Having sex at an early age increases the risk of getting HPV True 220 51.5% 207 109 48.9% 114 51.1%
HPV usually doesn’t need any treatment True 235 55.0% 192 104 46.6% 119 53.4%
Men cannot get HPV False 350 82.0% 77 120 53.8% 103 46.2%
HPV Vaccine Knowledge Questions

There is a vaccine to protect women from HPV True 405 94.8% 22 5.2% 173 77.6% 50 22.4%
There is a vaccine to protect men from HPV True 302 70.7% 125 29.3% 157 70.4% 66 29.6%
The HPV vaccines offer protection against all sexually transmitted infections False 258 60.4% 169 39.6% 124 55.6% 99 44.4%
Someone who has had HPV vaccine cannot develop cervical cancer False 390 91.3% 37 8.7% 168 75.3% 55 24.7%
The HPV vaccines are most effective if given to people who have never had sex True 367 85.9% 60 14.1% 162 72.6% 61 27.4%
The HPV vaccines offer protection against most cervical cancers True 361 84.5% 66 15.5% 158 70.9% 65 29.1%
The HPV vaccine offers protection against genital warts True 347 81.3% 80 18.7% 147 65.9% 76 34.1%
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3.3. HPV Vaccination’s Knowledge

The participants” attitudes toward HPV vaccination are reported in Table 3. We observed that
nearly 95% of women and 77% of men were aware of the existence of vaccines to protect women from
HPV. Over 70.7% and 70.4% of women and men students, respectively, were aware of the existence of
vaccines for both women and men. A total of 60.4% of women and 55.6% of men students believed
that the HPV vaccine provided protection against most sexually transmitted infections.

Table 3. Attitudes toward HPV vaccines.

Women N = 427 Men N = 223 r
N %o N %o
HPV vaccination status
Vaccinated (min 1 dose) 310 72.6% 70 31.4%  <0.001 %
Not vaccinated 117 27.4% 153 68.6%
Who should pay for this vaccination
Private Insurance 269 63.0% 126 56.5% 0.08
State health system 100 23.4% 61 27.4%
From my pocket 23 5.4% 10 4.5%
Others 10 2.3% 6 27%
Don't know 25 5.9% 20 9.0%
Who should get vaccinated
Women only 301 70.5% 185 83.0% 0.0003
Men and women 121 28.3% 37 16.6%
Men only 5 1.2% 1 0.4%
When vaccine should be given
Before the first sex encounter 126 29.5% 94 42.2% 0.0009
Casual relationship 139 32.6% 67 30.0%
If more than one partner 112 26.2% 43 19.3%
Any time 50 11.7% 19 8.5%
Would you recommend the HPV vaccine?
Yes 382 89.5% 201 90.1% 0.69
No 45 10.5% 22 9.9%
Do you think that the vaccine should be offered free of charge
Yes 415 97.2% 220 98.7% 045
No 12 2.8% 3 1.3%

* Bold font indicates a statistical significance.

3.4. Attitude toward the HPV Vaccines

The participants” attitudes toward HPV vaccines are reported in Table 3. A total of 72.6% and
31.4% of women and men students, respectively, had received at least one dose of the vaccines. Overall,
29.5% of women and 42.2% of men students believed that the vaccination should be administered
before the first sexual intercourse. Only 28.3% and 16.6% of the women and men students, respectively,
knew that the vaccines were available for both women and men. A total of 89.5% of women and 90.1%
of men students responded that they would recommend the HPV vaccination to their peers.

3.5. Predictors of HPV Vaccination

The results of the logistic regression predicting HPV vaccination are presented in Table 4.

Women participants were five times more likely to be vaccinated than their men counterparts
(@OR: 5.79, 4.06-8.25 CI 95%). Participants with a European nationality also had higher vaccination
rates than those with a Swiss nationality (aOR: 1.65, 1.42-1.92 CI 95%). Not being married, never
having had sexual intercourse and not being sexually active at the moment were all predictive factors
for having lower vaccination rates (aOR: 0.68, 0.22-0.72 CI 95%, aOR: 0.50, 0.30-0.83 CI 95% and aOR:
0.31, 0.10-0.95 CI 95%). A non-smoking status was also a predictor of a greater likelihood of being
vaccinated for HPV (aor: 1.51, 1.05 - 2.81 CI 95%).
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Table 4. Logistic regression predicting HPV vaccination (min one dose).

aOR (95 CI)
Gender
Men Referent
Women 5.79 (4.0 6-8.25)
Birthplace
Switzerland Referent
Europe 1.65 (1.42-1.92)
Other 0.81 (0.66-1.03)
Relationship status
Married Referent
Not married 0.68 (0.22-0.72)
Smoker
Yes Referent
No 1.51 (1.05-2.81)
Ever had sexual Intercourse
Yes Referent
No 0.50 (0.30-0.83)
Currently sexually active
Yes Referent
No 0.31 (0.10-0.95)

Only odds ratio significant in the univariate model is presented in this table aOR adjusted OR for significant
univariate predictors. Bold font indicates a statistical significance and a 95% confidence interval.

4. Discussion

This was the first study to assess knowledge about HPV infection and vaccination in a population
of undergraduate men and women healthcare students in Switzerland. Previously published studies
have sought to assess the prevalence of different HPV strains (only in nurses and midwife women)
and the reasons and socio-demographic characteristics of the unvaccinated women [18,19]. This study
also represents the first effort in evaluating the HPV vaccination coverage rate in a population of
young men.

Our findings highlight a general lack of knowledge of the HPV infection’s natural history and its
prevention among future Swiss nurses (men and women) and midwives (women only). The knowledge
gaps of future health professionals have also been documented by studies conducted in other countries,
such as Pakistan, Turkey, Lebanon, Germany, and USA [11,13,15,16,20].

Such knowledge gaps may be explained by the fact that among the three Schools of Health
Sciences that participated in this study, none includes in their nursing curriculum a specific course
about sexuality and HPV infection, with the exception of an optional course only available during their
third year of bachelor. There is also no specific course about vaccinations in the nursing curriculum in
these three schools. The topic of HPV is studied in the curriculum of midwives in a little more detail
(about 2 h on their entire curriculum), two schools out of the three included in this study have a specific
course (only 1 h) on vaccinations in their midwifery training curriculum.

This lack of education on HPV and other vaccines among future health professionals on the
subject of vaccination (HPV, measles, and others) seems to be more frequent and is becoming a major
problem due to the increasing hostility towards vaccination, particularly in the current context in
Europe and the United States [21-23], where there is a growing mistrust towards vaccinations parallel
to the increased incidence of vaccine-preventable diseases [24,25].

Our study indicates that young women have a higher level of knowledge about HPV than young
men. This difference can be explained by the habit of girls to go for an annual check-up with the
gynecologist or physician starting at puberty. Such consultations are aimed at providing girls with
information about family planning, menstruation-related issues such as dysmenorrhea, and sexually
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transmitted diseases [26-28]. When asked about the source of their information about sexuality
in general, young girls in Switzerland tend to turn to other girls, then, secondly, to magazines for
young people and finally, to the Internet, while boys cite the Internet first and other young men as
second [29]. While a study conducted in the United States found that the use of video messages was a
potential tool to increase knowledge about HPV [30], other trials have also shown that social networks
(e.g., Facebook, Instagram, Twitter etc.) can be used as complementary tools to deliver conventional
prevention messages [31-33].

Strength and Limitations of the Study

One of the strengths of our study is that it is the first in Switzerland to evaluate knowledge about
HPV infection and HPV vaccination on such a large sample size. It is also the first to ask men about
this problem in Switzerland and to have a first approach to HPV vaccination coverage for young men.

This study has some limitations that need to be addressed. The population sample was
constituted of exclusively undergraduate students, which limits the generalization of our findings
to the general population. As data were also collected through a questionnaire with self-reported
answers, the reliability of which could not be directly verified by the study investigators, the results
could also have been altered by such means of data collection.

HPV vaccination coverage rate was calculated using self-reporting of the number of doses received
by participants to be sure of the number of doses people received, a copy of their vaccination carnet
should have been requested, which was not possible in the context of this study. In the absence of a
blood test, we cannot be sure of their HPV immunological status. It can, therefore, be assumed that the
HPV vaccination coverage rate was calculated even if it was only a secondary objective of this study
underestimates or on the contrary overestimates the right vaccination coverage rate. A final limitation
of our study was the fact that the sample collected was not selected randomly, but according to the
participation in the study by the students. This problem limits the generalization of our results.

5. Conclusions

The results of this study revealed a poor understanding among healthcare undergraduate men
and women students about the HPV infection, its mode of transmission and its prevention. Nurses and
midwives play a crucial role in shaping public views of HPV transmissions, prevention and vaccination.

They represent a privileged channel to spread information about HPV to the target audience [34].

Future education campaigns and courses for healthcare students need to clarify multiple points about
the modes of transmission of the infection, the means of prevention, including vaccination and other
lesions induced by HPV in both men and women, in the view of increasing the vaccination coverage rate,
and subsequently, reduce the rate of HPV-related cancers. In the future, those involved in prevention
will have to make more use of the new communication channels in order to disseminate their message.
Clear and targeted messages can positively influence adherence to primary and secondary preventive
strategies, such as reduced risk-taking in sexual behavior or participation in HPV vaccination and
cervical cancer screening,

The findings highlight the need for more HPV education among undergraduate healthcare student.
It must be done to increase HPV knowledge and vaccination rates in this population.
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Abstract

Background: Human Papillomavirus (HPV) vaccination, intended for young women aged 11-14 years old, has been
introduced in Switzerland in 2007. Ten years after its introduction, only a few studies have explored the reasons
associated with uptake and non-uptake of the vaccination. Our objective was to identify the sociodemographic
characteristics of a population of vaccinated and unvaccinated undergraduate healthcare female students, to define
the reasons of non-uptake of vaccination, and compare our findings with those found in other Swiss cantons.

Methods: Between January and November 2017, women studying in Health Sciences School and Medical School
in Geneva, aged 18-31 years old, were recruited in a large trial assessing HPV prevalence. As part of a smaller,
observational study nested in this larger trial, women were invited to complete a questionnaire. Self-reported HPV
vaccination uptake or non-uptake, as well as knowledge and attitude about HPV vaccination were assessed. T-Test
and Chi square test were used to compare characteristics of vaccinated and unvaccinated women.

Results: Overall, 409 women were recruited in the study. The majority of them (69.1%) reported having been
vaccinated for HPV, while 30.9% of them had never received any dose of the HPV vaccine. The only factor
associated with a higher vaccination rate was the participants’ origin, as women from Geneva were more
represented in the vaccinated group than women from other Swiss regions or countries. Unvaccinated women
were more likely to consider HPV vaccination as less important than the vaccinated ones (50.4% vs 3.5% p < 0.007).
Conclusion: Although no typical profile can be established in this studied population of unvaccinated women, a
lack of information was a major reason of non-uptake of vaccination among the study participants. An effort by
health authorities and carefully designed messages are essential to increase the population’s awareness over
cervical cancer and its prevention.

Trial registration: The trial was registered under cliniclatrials.gov with the identifier: NCT03474211.

Keywords: Cervical cancer, Human papillomavirus (HPV), Undergraduate students, Unvaccinated

Background

Human Papillomavirus (HPV) is responsible for the
most prevalent sexually transmitted infection worldwide,
which represents a major public health challenge [1]. It
is estimated that up to 70% of the sexually active
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population will be infected with HPV at least once in
their life [2]. The highest infection rate is found among
16—25-year-old women. While up to 70% of HPV infec-
tions are spontaneously cleared after a few months [3],
the persistence of the virus is responsible for the
development of cervical cancer, which is associated to
HPYV in nearly 100% of cases [4]. Cervical cancer is the
fifth most common cancer among women aged 20-49
years living in Switzerland [5]. Every year, Switzerland
counts as many as 250 cervical cancer and 5°000
cervical precancerous lesion diagnoses [6].

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
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HPV vaccination represents a fundamental primary
prevention measure for the development of cervical can-
cer. The currently available vaccines in Switzerland are
Gardasil® and Cervarix®, both of which protect against
HPV genotypes 16 and 18, which are responsible for the
development of cervical cancer in over 70% of cases [7].
Gardasil®, which has been available on the market since
2007, also covers against genotypes 6 and 11, which are
mostly responsible for the development of genital
condylomas [8].

The Swiss recommendations for HPV vaccination were
first published in 2007, advising the vaccination for all
females between the ages of 11 and 14 years while also
recommending a catch-up vaccination for women aged
15 to 19years [9]. The aim of such primary prevention
measure is to cover over 80% of the target population.
Such recommendations, however, were implemented by
each federal canton individually. Such individualized
implementation has resulted in disparities in the cam-
paigns and, therefore, in vaccination rates across the
country (from 17 to 75% of the targeted population
in 2014) [10].

In the Canton of Geneva, the first HPV vaccination
campaign tookplace in September 2008. The greatest
asset of the campaign in Geneva is the strong involve-
ment of school health services, such as the Service de
LEnfant et de la Jeunesse (SS]) in public schools, which
inform families and offer vaccination to all female school
children aged 11-19years old. According to a study on
HPV vaccination carried out 4 years after the first cam-
paign, the majority of 13—14 year-old girls had been vac-
cinated through the SSJ, thus proving its efficiency [11].
Despite this institutional effort, however, the targeted
coverage rate of 80% has yet to be reached. Only a few
studies have been carried out with the aim of under-
standing the reasons for non-vaccination in Switzerland.
Moreover, as the campaigns are organised individually
by each canton, it is difficult to make generalisations
based on the other cantons’ experience and statistics.

The aim of this study was (i) to compare the sociode-
mographic characteristics of a population of vaccinated
and unvaccinated undergraduate female healtcare stu-
dents in the Geneva canton, (ii) to define the reasons for
not having undergone vaccination in the latter group,
and (iii) to compare the reasons for non-vaccination to
those found in other Swiss cantons.

Material and methods

Population

Recruitement of the study participants took place from
January to November 2017 at the Medical school and at
the School of Health Sciences of the Medical University
of Geneva, located in the city of Geneva, Switzerland.
Women aged 18-31years, currently attending either
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Medical School to obtain a medical doctor degree or the
School of Health Sciences in Geneva to obtain a nurse
or midwife degree, were invited to participate in the
study.

Study design

This study has been carried out as a nested, observa-
tional study within a larger trial evaluating the HPV
vaccine’s effectiveness by analyzing the HPV prevalence
using a cervico-vaginal self-sampling method [12].

Announcements about the study were given by
previously-informed professors teaching classes at the
School of Health Sciences and at the Medical School in
Geneva. An email was also sent by the study investiga-
tors to the students prior to their recruitement. After
having delivered a short presentation about the HPV
infection and the project’s design, the study investigators
distributed the kits to those students who expressed an
interest to participate in the study. The kits contained a
cotton swab for HPV self-sampling (ClassiqSwab,
COPAN, Brescia, Italy), illustrated instructions on how
to use the swab for self-sampling, an informed consent
form, an explanatory document about the HPV infection
and a questionnaire on sociodemographics and their
reasons of non vaccinated choice. Each kit also con-
tained an identification number, to which the partici-
pants could refer to obtain their HPV test results. The
students were given 1 week to return the kit and the
questionnaire to the study investigators. The results of
the HPV analysis were given to the students by a
designated study investigator upon request.

The questionnaire which women were invited to
complete in order to fulfill the aim of this study included
questions the HPV vaccination uptake or
non-uptake, the participants’ knowledge and attitudes
over the HPV vaccination, their sexual behavior and
country or Swiss canton of origin.

about

Sample size

The sample size was calculated based on the primary
outcome of the main study [12]. It was obtained based
on an estimated prevalence of 6% of HPV 16/18 infec-
tion in the Swiss population aged less than 30years. A
total of 400 specimens were needed to detect about an
85% reduction in HPV 16/18 prevalence (prevalence of
0.9% in the vaccinated population), given an 80% power
and a two-sided significance level of 95%. We therefore
estimated that a sample size of 400 women would be
adequate for the analyses.

Statistical analyses

Statistical analyses were run using STATA 13. The
normality of the distribution was tested by the
Kolmogorov-Smirnov test. Descriptive statistics and
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frequencies were analysed for all variables. The T-test
and Chi square test were used for the descriptive
statistics and for the comparaison between variables.
A p value of less than 0.05 was considered as statisti-
cally significant.

Ethical approval

The study protocol was approved by the ethical cantonal
board in Geneva (Commission Cantonale d’Ethique et
de la Recherche — CCER) with the identification number
15-357. All participants signed an informed consent
form prior to taking part in the study. The trial was
registered under cliniclatrials.gov with the identifiers:
NCT03474211.

Results

Sociodemographic and clinical characteristics

Out of 500 kits distributed, a total of 409 were given
back, thus obtaining a response rate of 81.8% (409/500).
Among the 409 participants included in the study, 55%
of them (225/409) were enrolled in Medical School while
45% (184/409) of them attended the School of Health
Sciences. A total of 46% of the study participants
reported their vaccination status based on their own
personal notion, without verifying such data on their
vaccination booklet. Women coming from the Geneva
canton were more represented in the vaccinated (71.1%,
202/284) than in the nonvaccinated group of partici-
pants (59.2%, 74/125), whereas women coming from
other Swiss cantons, who were grouped together with
women coming from other countries (France, Portugal,
Spain ect..) were more represented in the nonvaccinated
group (40.8%, 51/125) than in the vaccinated one
(28.9%, 82/284, p =0.017). We found that only 2.8% (8/
284) of vaccinated women were infected by the HPV
strains 6, 11, 16 and 18, while up to 11% (17/125) of the
unvaccinated participants were infected by these same 4
strains. The participants’ sociodemographic and clinical
characteristics are reported in Table 1.

Beliefs regarding the importance of the HPV vaccination

Overall, 91.9% (261/284) of the vaccinated women
believed that the HPV vaccination was as important as
other vaccinations, while only 48.8% (61/125) of the
unvaccinated participants believed that the HPV vaccin-
ation was as important as the others (p < 0.001). A total
of 4.6% (13/284) and 0.8% (1/125) vaccinated and unvac-
cinated women, respectively, believed that the HPV
vaccination was more important than other types of vac-
cination. There were 3.5% (10/284) and 50.4% (63/125)
of vaccinated and unvaccinated women, respectively,
who believed that the HPV vaccination was less import-
ant than others. The participants’ perceptions of the im-
portance of the HPV vaccination are reported in Table 2.

Page 3 of 6

Table 1 Sociodemographic characteristics and HPV test results
of the study population

Variable vaccinated unvaccinated p value
n=284 n=125
n % n %
Age, y
Mean 225 219 0.16
SD (#) 29 SD (x) 26
<20 110 387 50 40 0.03"
20-23 101 356 57 456
>23 73 257 18 144
Origin 0.017
Geneva 202 711 74 59.2
Other* 82 289 51 408
Tobacco smoking 031
Yes 53 187 27 216
No 231 813 98 784
Age at your first sexual - 17.1 17 0.14
intercourse, mean (y) SD (+) 24 SD (+) 28
Total number of sexual partners
Mean 53 5.1 042
SD (#) 1.26 SD (%) 133
None 10 35 4 32 0.98
<5 135 475 60 48
>5 139 489 61 488
Use of condoms 06
Never/sometimes 142 50 66 528
Often/always 142 50 59 47.2
HPV prevalence
Types6,11,16,18 8 28 17 11 0.0002
Other HR and LR 41 14 25 20 012

HPV types

Abbreviations: HPV Human Papillomavirus, y years, N number, HR high risk HPV,
LR low-risk HPV

*Indudes women coming either from other Swiss cantons or from other countries

“p value in boldface are statistically significant

Association between opinion on the HPV vaccination and
sociodemographics characteristics

Among unvaccinated participants, the proportion of
women who believed that the HPV vaccination was less
important than others decreased as the women’s age

Table 2 Participants’ beliefs about the HPV vaccination

In general, do you think Vaccinated Unvaccinated P value
that vHP\( vaccination is a N % N %

vaccination:

More important than others 13 460 1 080 <0.001*
Less important than others 10 3.50 63 5040 < 0.001
As important as the others 261 9190 61 48.80 < 0.001

Abbreviations: HPV Human Papillomavirus, N number
“p value in boldface are statistically significant
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increased (62% of the <20 years group (31/50), 45.6% of
the 20-23 years (26/57), 38.9% of the > 23 years (7/18);
p=0.35). On the contrary, the proportion of women
who believed that the HPV vaccination was either more
than or as important as other vaccinations increased
with the women’s age (<20 years: 38% (19/50); 20-23
years: 54.4% (31/57); > 23 years: 61.1% (11/18); p = 0.07).

Association between opinion about the HPV vaccination
and condom use

Among unvaccinated participants who believed that the
HPV vaccination was less important (50.4%; 63/125), 57.1%
of them (36/63) used the condom sometimes/never,
whereas 42.9% (27/63) of them used it often/always.
Among women who considered the HPV vaccination as/
more important than other vaccinations (49.6%; 62/125),
51.2% (32/62) used the condom often or always, while
48.8% (30/62) used it sometimes/never. The association be-
tween the participants’ opinion about the HPV vaccination
and their frequency of condom use is reported in Fig. 1.

Reasons for not having been vaccinated

A total of 41.6% (52/125) of the unvaccinated women
did not give any information or did not know why they
had not been vaccinated. Among women who gave a
reason for not having been vaccinated (58.4%, 73/125),
the reported reasons included: fear of side effects (21.6%,
27/125); parents being against the vaccination, either in
general or the HPV-one (14.4%; 18/125); the physician
in private practice being against the HPV vaccination
(8.8%; 11/125); the vaccination not being considered as
useful (2.4%; 3/125); the person being against vaccina-
tions in general (2.4%; 3/125); sexual inactivity (1.6%; 2/
125); insufficient evidence on the vaccine’s efficacy and
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side effects (1.6%; 2/125). The reasons for not having
been vaccinated are reported in Table 3.

Discussion

This is the first study to evaluate the acceptability of the
HPV vaccine in Geneva since the introduction of the
HPV vaccination in the canton. Our results revealed that
69.4% of our study population was vaccinated against
HPV, a rate higher than the rest of Switzerland where,
according to the results of a survey conducted in 2016,
only 53.6% of women aged 18-24 years were vaccinated
[13]. Another study conducted in 2014 found that the
French-speaking Swiss regions vaunt a vaccination rate
of 68.1%, which is consistent with the rate found in our
trial [10]. Moreover, a recent systematic
collecting data from 28 countries pointed out the
heterogeneity of vaccination rates worlwide, varing
from 2.4 to 94.4% [14].

However, Our results reflect a reality in which,
despite the remarkable efforts to reach the optimal
vaccination coverage rate, the resistance to the vac-
cination prevents public health workers from reaching
the optimal coverage rate. When looking at reasons
for non-vaccination, three of them stood out: fear of
side effects (21.6%), parents being against the HPV
vaccination (14.4%) and the physician being against
the vaccination (8.8%). Similarly, in a study including
women aged 18-24vyears living in the French-speak-
ing region in Switzerland [10], the main reasons for
not having been vaccinated were: thinking it was too
late (due to either age, sexual activity, or pathological
smear) (52%), fear of side effects (26%), not having
received enough information (19%), being against all
kinds of vaccination (17%) and having discouraging
relatives and friends (15%). Furthermore, a study

review

p=0.0051

LESS IMPORTANT
= always/often

= sometimes/never

Fig. 1 Association between use of condom and opinion about HPV-vaccination among the unvaccinated group of participants

MORE/AS IMPORTANT

52



Amadane et al. Archives of Public Health (2019) 77:29

Table 3 Reasons for not having been vaccinated among
unvaccinated women

Variable n %

No reason given or doesn't know 52 416

Reason given : 73 584
Fear of side effects 27 216
Parent against HPV vaccination 18 144
Physician in private practice 11 88
against HPV vaccination
Not considered useful 3 24
Against vaccinations in general 3 24
No sexual activity 2 16
Only 1 sexual partner 2 16
No efficacy 2 16
Insufficient evidence 2 16
Other 3 24

Abbreviations: N number, HPV Human Papillomavirus

including 16-20year-olds living in the Canton of
Vaud [9] revealed a lack of information about the
HPV infection’s natural history and prevention, as
over 70% of the interviewed population felt insuffi-
ciently informed about the disease. Moreover, one of
the issues highlighted by 29% of the physicians work-
ing in private practice in the French-speaking region
of Switzerland [8] was the lack of information and
support brought by their cantons. A recent study
conducted in Switzerland following the first 2 years
after the vaccination’s introduction reported that only
117 cases of Gardasil*-associated side effects were
found among 420’000 vaccine doses. The same study esti-
mated that 93-98% of CIN2+ lesions caused by 16 and 18
genotypes and 46-70% of the CIN2+ lesions caused by
other HPV genotypes could be avoided with vaccination
[15]. Such results, which can be used by public health
workers to improve the future vaccination campaigns,
demonstrate that the lack of information about the HPV
infection and its prevention concerns not only the general
population, but also health professionals.

Concerning the opinion about the importance of
the HPV vaccination, we found that the difference be-
tween vaccinated and unvaccinated women was com-
patible with their immunization status. Over 504% of
unvaccinated women considered the vaccination as
less important than other vaccinations, while 91.9% of
vaccinated women considered it as as important as
other vaccinations. Another study carried out in Italy
obtained similar results among women aged 18-21
years old, thus demonstrating that one of the factors
associated with not having been vaccinated was the
lower perception of its benefits [16].
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A small majority (51.1%) of our population sample had
been vaccinated between the ages of 15 and 19 years old,
although vaccination for women in this age range was
meant to be a catch-up for those who had missed their
opportunity to be vaccinated in the first place. Knowing
that the moment for the ideal vaccination is before first
sexual intercourse, which in our population took place
at a median age of 17.2 years old, baseline vaccination
for all 15-19years-olds seems to be a reasonable target
to improve prevention. Nevertheless, the median age
when receiving the first vaccine dose in our study
population was 14.8 years old. The small percentage of
vaccinated women after the age of 20 years old (4.2%) is
not surprising considering that the campaign mainly
targets the younger part of the population. Such results
are in line with those of a study [6] evaluating the age at
the first dose of HPV vaccine in a population of Swiss
women, which found that the vaccination rates were
54.4% for women between aged 15-19 years old, 39.8%
for women aged 11-14 years old, and 5.8% for women
older than 20.

When studying the sociodemographic characteristics
of our population, only nationality was found to be
significantly associed to vaccination status, as a greater
proportion of women coming from Geneva and its sur-
roundings were vaccinated when compared to women
coming from other cantons and countries. Given the
difference of the vaccination campaigns and policies in
other cantons and countries, such finding highlights the
efficacy of the vaccination campaign in the canton of
Geneva, where a particularly active role was played by
the SSJ in public and private schools. Other studies have
confirmed that, when the SSJ was involved in vaccin-
ation campaigns, as is the case in other French-speaking
cantons in Switzerland, such finding resulted in better
vaccination rates than those in the German-speaking
part of Switzerland [9].

One strength of our study was given by the fact that
we chose a population of young, future healthcare pro-
viders, whose opinion is fundamental in the view of
spreading the vaccination uptakein the near future. In
addition, this population sample of young adults has
never been studied in such geographical area.

One limitation of our study was the sample’s relatively
small size, which limited the power of some of our
observations. A selection bias also may have occurred,
as all the participants not only had a high educational
degree but also studied medical and health sciences,
which does not reflect the heterogeneity of the general
population. Additionally, the HPV kits were offered to
the students who proactively expressed an interest to
participate in the study, excluding the girls possibly
having another opinion about the HPV vaccination.
Finally, 46.3% of our participants had not checked their
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vaccination record to answer the questionnaire, an
aspect which may have altered some of the study results.

Conclusion

The suboptimal HPV vaccination rate among our study
population of undergraduate women shows that, despite
the vaccine’s proven efficacy, the coverage rate is still far
from reaching 80%. The majority of vaccinated women
in our study population came from the Geneva Canton,
a finding which further highlights the discrepancies in
vaccination campaigns in the country. Proactive educa-
tion about the HPV infection’s natural history and the
vaccination’s role, to be delievered by the women’s
personal healthcare providers, represents a fundamental
step in increasing the vaccination coverage rate across
the country.
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Self-sampling to improve cervical cancer
screening coverage in Switzerland:
a randomised controlled trial
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Badkground: The aim of this st dy i to evaluate whether self-sampling can incresse soeening attendance of women who do not
attend reqular seresning in Sedteerland.

Methods: Partopants wers uluud:r.-eh- rescrurbed i Geneva batwesn September 7011 amd Movemier 2005, Wamen '25-6‘?1%&]
wiho had not undergone OC screening in the last 3 yesrs were considened eligible. Thrawgh a 1:1 ratio randomsstion, enralled
participants were imvited to either undergo liquidbased eptalogy, whidh was perdormed by a healh-care provider feontral groun,
CG) o to take a self-sample for HPV-testing, which was mailed to ther home {interention groun, 1G).

Results: & total of 331 and 338 women wene randomesd n the OG0 and m the 15, |f_1ue\':t|'.'e-|'.-. Ohesrall, 7.3% 0% O 45104
weamen in the 06 and 5.7% 5% Cl: 3.6-8.7) women in the 1G did not undergo the initial soeening (P= 04000, There were 1.95%
5% O 0.8-4.3 women in the 06 and 505% (99% O 3 1-8.1) waomen n the |G with a positve sosen who did not atbend iriage
and colpesmpy (P=000034).

Condusions: The partigpation in OO soeening in women offered seli-sampling wes not higher than among those offered
specimen oollection by a clinician. Compliance with further follow-up for women with a postve HPV g on the self-sample
recquines further attention.

The successful implementtion of cology-besed screening has  screened besed on their own initiative and that of their physican

rendered cervical cancer (OC) preventable and hes e 1 3 decrease
in the inddence, modbidity and modality from this disease
(Kitchener o al, 206; Arbyn et al, 2009). Gynecologists and
general physidans (GPs) in Switredand have been promating CC
sauni.rxs simce the e 1960s, in this wary aﬂ'l.i-wi.r:ﬁ a reduction of
the OC incidence by ~60% (Bouwhandy ef al, 1990; Petignat ef al,
2012). The country has an opportunistic screeing system, which is
esmentially based on the 3}mn1|rﬁisu' and GPs' invitation for a
periclic control (Petignat & al, 2012). This means that in the
absence of an organised screening progam, women are only

(Vamilakos & al 20150 As it & an opportunistic system, the
relative statistics are dffoult to monitor and the only available dot
come  from 'p-uFuJa‘lim-hsnd surveys conducied by the Swism
Federal Office of Public Halth (FOPH) and the Matonal Institute
fowr Camocer Epid.:rn in]qﬁ\l.- (MICER; Pctiﬁnaﬂ. ef al, 20171
Acconding to these sources, approvimately 70% of eligible
women have had a Pap smear in the last 3 yeams (Burton-Jexngros
ef al, 17)L The biest moommendations of the 8860 (Socifné
Sucisse de Gymearlogie et dObstérrique) propose that, in the shsence
of cervical abnormalities, women agel 21-29 years should be
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Cervical cancer screening in Switzerdand

screened with avery 1 years, ﬂukwmaﬁﬂlﬂ?‘ﬂ
years should be ‘screensd on a2 3-’\@' basis (Gerber ef al, 2012).
Women from lower socioeconomic growps and living in rural aness
m]ﬂ:]ﬂd\-mmﬂhﬁum' 'ld'l.idlu:]ﬂm themto a ]u#ber
risk ud"nllﬂ:'lq.punﬁ oo {Rm]:ng:z?d al, 2005; Bischoff ef al, 2009).
The main ohstacles & screening participation inchule almence of
imsurance coverape, low income, ek of ime and humand
emational faciors, such s lack of knowledge about CC and fear
of a positive test result (Catiring & al, 2016} One of the aims of
the Swiss Mational Cancer Control Program 2011-20115 is the
implementation of a OC soeening symtem acmss the mation,
with the mazimisation of the screening coverage rate
-[N':tim:] Cancer Pﬂ.w:lrru'n: for Switzerland, 3011-3015) In an
effert to extend their participation mte, (O screening policies in
Swittedand should take inip account the main ical  and
emational barriers that stand in the way of screening
attendance, zﬂzﬂumhuwhcamlcu]hn‘a]dmw
ﬂutdmtﬂemmmﬂummﬁv{&ﬂuﬁdnlzmﬂ.
'i\ﬂ'bﬂh:m'npmﬂl wcl"bull.w hased screening, Human P:]z]]u—
mavirus (HPV) testing has proven to be more sensitive in detecting
cervical intra-epithelial i 2 ar womse [CIM2 45,
in-q;u-wfpuinﬁ ﬂwmmww women at rn{k for CC
{Adbyn ef al, 2012 Ronco o al, 2014) h'lathl:n:m asnﬂnb:
on selicolected s [ sd:l:-nm. , HPV
based screening {..'a.:lwn el al, 2014). By
:vud:mﬁ 'ﬂ'l.e:rlﬂul af a cdinic-based visit, HPV tﬁhnﬁmﬂrﬂd’l.
wamen who woud not otherwise attend the traditional
program and, therefore, increase the effectivenes of CC
(Eeldman, 2014 Arbyn and Castle, 2015; L;-"l.u'y'- Rossi ef al, 2015).
ﬁ.n']:'n'nm{{ screening, the use of this new strategy has to be
ific context in which it is being im
{'l.l'ﬂuhuul:ﬂj 25). Given the hetemigeneity in health and
sereening systems, a5 well a inthe bllow-up staegies workdwide,
itis crucial 0 delermine the feasibiity and :ummp]!m
with HPV -basal screening in each setting (Adwn and Caste,
201 5L
We conducted 2 mndomised contraled tral to determine
(i) whether Self mmpling is 2 feasible and effective method te
mdmmw]wdumrtmsuhh:muﬂl{:{::mﬁﬂiﬂu
traditional strategy in Switsedand and {:ii! the pnpm‘hm
women with 2 pamitive screening test that underwent the
recommensded follow-up clinical investigations

MATERLALS AMD METHODS

General stsdy design. This rasdomised comtrolled dimical il
tomk Phn: in Geneva between Scp‘bﬂnl:-u'zﬂllaml December
2015 Recruitment took place mainly via newspaper and web-hased
sdvertisements, as well 2z through flyers distributed by physicians
mn']unshﬂi:tt]u]nb]!c}u:]mz]:mlmpnmpﬂchmﬁweb
page dalicated to the study was abio created on a social network.
Waomen from immi communities wene also recruited in onder
wm:.:irrdmﬂme:w:iu-«huw'.lphi: and ethnical ]'i-e‘bu'uF'ldtyud'-
our study smple. Women interssted in taking part in the stuly
could dther rtum a ina i envelope or contact the
elerent meial st vis o, Thi wormen e then comtacte
by tlephone by a reeanch mume who checked for eligibility
crtena, F\-e'ﬂmnﬁn‘ﬂw:nﬁmtmmlmtucm :I'EF'H]II'IS_
the study procedure and, if possible, registersd them in the study.
Inclusion criteria were a5 llows women aged between 25 and 62
mﬂu;}nlmwhhﬂi]zﬂ:naf{ :crmmﬁpu'wm'vﬂu:
}HLTMID'HLE'WPIP ‘B‘ﬁl‘lﬁi]‘l'ﬂ'ﬁe]ﬂmﬂﬁnﬁjm Exchusion
criteria were pregmancy or previous hystereciomy.

An online satistical soffware {ww‘uum'uhnninﬁmmmﬂ Was
wsed tor generate the randomistion list, with modomly permuted
blecks of varying sire (4, 6 amd 8). On the basis of this list
un'mcm:i'\'ﬂy mumbered, sealed mrJuPu mmﬁﬂw
group allocation were prepared. When 2 new participant consented
to participate in the study, the study nume opensd the next

The study was approved by the Central Ethics Committes an
Human Research of the Geneva University Hospitals | approval
mumber: CER 1103 MAT-PED 11-000). All enmlled women
have given written informed consent.

Contml group, Waomen asignal to the contml grow (GG
moeived an imvitation letter ]: d.-l::nul.
testing, which was performed by 2 ml']'be:lm.

cytokgy was collected wsing the Thin Prep Pap tests (HOLOGIC,
h'hr]:-m'uud'n. MA, USAY Cervical cells were collected 1.::i:|151']'be
Cerver-Brush Combi {me: Oas, the Methedands) as moom-
mended by the Eumopean guidelines (Arbyn ef al, 207) and
introduced inky a PreservOyt solution val If the Pap st pesult
ﬂumlm:g‘utﬁ&&mm mwmmmlu.rr\cpﬁlt{.{
o €k cannot exchude AL (15C.ED, o 3 Jow grade
RJUAMHE Carit & ~Hi, or a g
{LSLLJ or ]1.15]1-5:11Le SijUATNLS intra jal lesion {HS.LLJ.
women were refermsd tor colposcopy. In case of ASC-US, trizge by
HF'\“tEEnﬁwz]zrﬁnmL'ﬂu:mp]:ﬂn’HPF Bm'lsvmhhm
directly from the PreservOyt solution vial, 'ﬂ'bﬂ'\cﬂr\emt:rﬂpm’mﬁ
participants to rawrn to the dinic for an additional visit. The HFYV
test was performeal with the Roche Cobas 4800 HPV test (Roche
hﬁﬁcﬁr%p@.ﬁum{ﬁ.ml.ﬂﬁd consists of a
qualititive, multiplex, real-time PCE amay that provides poaled
results on 12 ]1.'i#|.-r.'ﬁk HFY (HR-HPV) pEnutypes and individual
results on the highest-risk genotypes, HPV 16 and HPV 18 If the
HFV test was negative, women weme advised to repest OO
L :f'bﬂ'm'le].-u:r. If the HPV test was it e off
mm ,ﬂwym:&ﬂwﬂwgﬂ;;:ﬂ.w
Intervention group. Participa nts in the intervention W{[G}
meceived a self-sampling kit at home This inchsded written
instructions and mﬂm 'r]mn]'mw wpu:ﬁmn Seli-

mmpling, and a sterle 8 swih that came in a transportation
tube containing 1ml of Lzsml Amies (ESwal; Copan, Bresci,
[1:]'5.-]. Wamen Pﬂﬁnﬂﬂl f—mnp]inﬁ:t]'ummdrmmml:it

by mai in a pre-paid envelepe within 7 days after sample
collection. The HFV test was with the Roche Cobas
4800 HPYV  test, as above. The test resulis were
communicated to each participant by telephone. HP V-negative
wormeen were advised to repat screen ing afier 5 years. Women who
tﬁbﬂlpmiﬁwfn’ﬂ??-lﬁmﬂwlﬂmr%ﬂlwuﬂpusalpy.
Participants whe were positive for other HR-H PV gematy pes were
invited to undergo trizge with Pap testi Waomen with a
q"tuhg'ﬂ] d:'nsm.ﬂ': of ASC-US or worse {Aﬂ:-U‘S+:I were
referred to colposcopy, while the othes were advised to repeat
screening within a year.

Fimancial aspects. The costs associsted with baseline screening
mﬁﬂymﬂﬂhﬁe:m}yﬁwwmhhﬁw.'nﬁ
costs of HPY testing trizge and thase of colpascopy for women in
the OG were coversd by the participant’s insurance or by the
mwmﬁmhm&mmmgﬁmh—h
the cmts of cytalogy trizge and thase of colposcopy for women in
ﬂw[bmuwmullwﬂupwhnpmﬂs‘mmwhﬂw
participant herself in the absence of insurance coverage.

Data collection. Each e rtici pamt u.l'n];]:ml duestion naire on
&ﬂ'rugzp]uci tbsbcm:m'ulpmhga]]mm and reasons e

lance in OC scr The detailed resubts of
ﬂmm-n]w:m mtmpcrwnmdvpbh}mlﬂds
{{m ef al, 2015, 201601

2
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Statistical analysic Statistical analyses were pedformed using Stata
I, version 14.0 I.*ita‘la{.'irp.{.'u]]vegeﬁu‘lim.'l'.‘; LISA). Df_-z:r':pii\'e
stutistics and rrqu.crs-:iﬂ were analysed for all variables

For the primary oucome, we estmaied the propotion of
women who did mot complele haseline testing. For the secondary
outame, we estimatel the 'Pnlpun.iqn 1r|"Pa.|‘I.i-:iPa.r!1.s wha tested
positive at either self-sampling or cvtology and whe did not
undergs the ®llowing recommended clinical investigations o
obtin a d.iag:rmsis.

We abio calcubted the mte of histologically -confirmed Cervical
Intra-epithelial Meoplesis grade 1 (CIN1), grade 2 (CINZ), grade 3
(CIMN3Y and Fad.-e 2 or warse [CIN2 4+ L

[rifferences  between mean values were asessed using the
T-Stulent test, whereas differences between percentages were
tested with the Pearson X7 et

Results were amsidered statistically significant at 2005

The mmple size was set to 550 women in each group and was
caleulated to be able to detect 2 10% difference in the response rate
between the G (60%) and the OG (50%) with 2 power of 90% and
2 95% confidence level

RESULTS

Sample charactedstics. The baseline damcenstics of women in
the two FrOups wene similar (see Table 1L The mean and s.d. of the
as-eul'ﬂ'l.-e 'Pa.I‘I.ICIPa.M_E were 4210 | 10.8) yeurs and 423 (10.9) years
in the OG and IG, ¢ ively. The majority of women in the two
growps had previously indergone OC screening, with the st
scrunins et datms bk to at deast foaer years |BLE% and B24%
in the CG and in the G, respedivelyl A high proportion of
women in bath grups were Latin American (31.7% and 31.3% in
the OG and in the G, rr_':Pecl'n-dy:l and 42 3% of women in the OG
and 358% of women in the 16 did mot have a halth insuranae.

Main sudy results A tolal of 941 women wee assesmed for
eligibility; of these, 667 (70.9%) fulfilled the eligibility criteria and
were enmlled in the sl.u.d.].- [see E‘iﬁu.re 1i.

Falkrwing randomistion, 331 women were amigned to the OG
and were thus imvited for a clinicin-performed liguid-bosed
cvtok testi Amaong these, 307 (92.7%) icipants attended
ata fmbﬂﬁ Pap Ehﬁ.'lhrc wee 252 T;En.]‘iﬁ:l waomen with
a noxrmal eyilogy and 55 (17.9%) women with ASC-US or womse.
Ot of the 55 women [179%) with an ASC-US+ result 23
(418%) had an ASC-H+ otology mesult and were referred to
colposcopy. The cytalogy mmples of the 32 women (58.2%) with
an ASC-LIS d.iagmm's were Primmd. r HPV testing. Amd
these, 7 (25.0%) women were HPV-positive and were alse referr
to colpumeopy for further evalustion.

Three-hundrel and thirty-six women were randomised in the
IG amd were thus invitel to pafom Selfsmpling. OF these
women, 317 (M%) participants pedformed and returned their
sdf-mmple. Overall, 242 (76.3%) women were HP V-negative and
75(23.7%) were HPV -positive. Among the 75 (720%) women who
tul.ﬁlpmi‘l'we for HPV, 21 [28.0% ) wene s itive for HPV 16 andi
or HPV-18 and were referred directly to oo poscopy. Fifty -four
women (720%) wae positive to other HR-HPV types and
therefore wnderwent trizge by cvtdogy. Six wamen positive for
wother HR-HPV 1t did mot undergo testing. Among the
participants \'dm?uﬁ:lcnum q"l.nlum'rﬁt ':;:F: 15 1?81]1.:m I_;S.gﬂﬁ:l
were ASC-US+ and werme therefore addmssed cuipmcmpy.
Women positive at HFV testing with a negative q"l.uhrm- Were
recalled for repant HPY testing 2t 1 year.

Primary and secondary outoomes. Overall, 24/331(73%, 95% CE
4.9-106) women in the 06 and 19336 (56%, 95% CL 36-87)
women in the 1G did mot attend the initial screening | F=0.400).
A total of 6307 (1.95%, 95% CL 0.8-4.3) women in the CG and

Table 1. Demographic characteristics of the study
participants

I Control group 1Intervention, grougd
= 331) = 338)
By, P dad. 4z 1¢108 423309
L g ]
e, A1 () 258 E10 Frr 24
] &3 120 = 174
Radaerndig ik
Wit & e 1= 455 181 ars
Syl T 535 175 =21
Moty
= ar 142 ar 14
O (L O = 175 &5 194
&1 124 45 124
= 1a = a9
104 3z0 105 Nz
25 e 40 121
1=2 arT 157 287
21 a3 24 71
Iz 231 75 23
= L] T 29
1 az E] as
Murniser of b, 14f14 15818
Frwar kel
Echesaon
A prar B i Tigh oo 150 a53 159 =03
Uiy 176 or 159 473
M 5 1= E] ag
Errigsiryreal Sl
sy fepranc] =8 175 &0 12
Erngiopeed pan o fall v 242 7i1 =3 &
Rt T 21 ] 4
Sl 1z e 1a E ]
FELrE
Wik 152 20 215 =)
e 139 A0 130 ]
& Eerevi som: CF = canvical can car, HB = Human Papilemaviug, 2= numbar.

16/317 (5.05%, 95% CL 31-8.1) women in the 10 with a positive
screening best wens lost between baseline SCreEning and ui'pmulpy
(P=0036). The overall proportion of women whe misal either
the initial screening or the follow -up was 300331 (1% 95% Ck
6d-12.7) paridpanis in the COG and 35336 (104%, 95% Cl:
Thi-14.2) participants in the IG (P=0.650; See Table 2L

Amaong these women, 1030 (33.3%, 95% Ck 19.1-513) and
13/35 (37.1%, 95% C1: 23.1-53.7) did nat have a health insuramce
in the O3 and in the I, s ively (F'=087). Overall, 22/30
(733%, 95% CI: 55.4-840) 25/35 (71.4%, 95% CL 548-83.8)
of women who exiied the study had a part ar full -time job in the
CG and in the 146G, mespectively (P=084). Among women whe
droprped out between baseline screening and colposcopy in the IG,
12017 (70.6%, 95% CL 466-87.0) of them had part- ar full- ime
jos.
Histological diagnoses A tolal of 25 women underwent colpa
sCOpy in the Cli The detection mte of CIN2 4+ inthis FrOwp was 4
331 L3%, 95% CL 0.4-32) All of these women had CIM ﬁm-d.v! 3
(CINGL

'Ihil‘l.\_.- wamen wrderwent un]pimrpy in the IG. The CIN2+
detection rate was 10/336 (L0%, 5% O L6-55)% of thes, &
women had a CING and 4 had a CIN3 (Table 3

The difference between the detection mte of CIN2 + in the OG
(1.2%) and in the IG (3.0%) was nol sl.aiisl.ica]]}' nﬁm‘rﬂm
(F=0110)
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021 assossod for chgibiy |

ki
| &7 clighle women anrdllad |

| Aandomisation |
I 1
336 assignad I ssf HPY 331 assignad 1o oonventional
10 drop outs: 14 drog o
Epaticnis Gl o sty |+ " E pationss It tha study
13 did nof retum ha HFV kils B did nof poma to fha appoinimant
1 3 cid not mcocpl ha study grous
37 eled - and war themfom
bnﬂn?r:“:nmg e
—.{ 7 patients amckeded (nol eigibid]
'."iww_:-_HF"l'- | 242 ware HFY. | +
pasiirg C o 307 compiated
I ' besclng tosing
54 warn positha for 29 wera positive for 1
ofer HA-HPY AT | 253 warg || 55 wang ASC |
e Py——— negatie USs
5 paionts o the study rage cyiongy  — |—|—|
1 amchuded [pragrancy) (regaTen ]
5ASCH -

S jpaticnis wars moaliad 15 LEIL
Sy v sscus

B drop s
L -
& had @ bl 16 had 18 had 7 had
aolpoanopy molipasaogy oalposoopy oolposcopy oolpescopy
1 | I |
| 30 had colpcsoogy | | 25 had oclpoacopy |

Figura 1. Study flosschart. HPY = Human Papllomanines; 85015 = Aypical squamoas oells of undetemmined sgniianoe; A50-US 4 = Atypical
squamoas colls of undetesmined significan oo or worse; ASC-H = Atypicl squamoaws cells of undeemmined signiticance cannot exclude HSIL;

L=SiL = Lowegrade souamoas intra-opitholial besion; HSIL = High-grade squamous inba-epithelial besion.
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Table 2. Participants who exited the study

Control Interv ention

Table 3. Histological diagnoses’ distribution in the two study

groups

DISCUSSION

Our results show that Selfsmpling doss not improve screeni
u'p-h]u anmdg mon-  anml u."rE].:r E:r-unﬂl mﬁen willing ITE
participate in & study on OO screening in Switzerbnd. Clinic-

les anl home-performed Self-sam achieved a
urm'p::tk mL::E] att-ersdanmpe[ n contrast with u:F'u.rlI r:sﬂ.ﬂi.'.. ather
studies found that inviting women to perform Self mmpling by
mailing them the HPY kit directly 2t home results in 2 greater
participation when compared to that obtained with an invitation
letter for a climic-hased F‘arp et |HI.I.'!|'I'!]1. ef al, A010; Penamnda
et al, 215 Sultana & al, 20161 The eouitment strategy, could
partly explin the difference batween our findings and those of
other triaks. While our study 'Pu'PultLilm of non- and under-
screened women was proactively recruited through advertise-
ments, the participants in other trials, such 2z the iPap in
Auvstralia, were selected d.u'ed]\- 'ﬂ'l.mu.ﬁ'l. the national reg'sb:r
(Sulana & al, 2016). Therefore, women incuded in our study
were possibly more willing to attend CC screening, regardless of
the method A systematic review and meta -analysis rep orted that
the overall patticipation was similar for self- and dinician-
performed cervical mmpling when women had to “optin’
SEreeni ng, ¥ in our trial (Verdoodt ef al, 2015L Women in the
Ol with 2 positive screening test went directly to colposcopy,
resulting in a lower drop-out rate compared to that of
Paru:l' i in the [G, who had to undergs cinic based ctology
uhﬁnﬂu']':ss'p ificant difference 'b-et\mr?ﬂ'lﬂe twa 'Pnl‘:u.rrLil:rss..s
suggests a certain reluctance to undergo further dinic-based
imﬂtiﬁ,a‘l.iqns when a sr.men'm:s test s 'Pmi‘l.iw_ It iz warth
mentioning that about half of the women in the two BT ps did
ot have a health insurance. This means that while the possibdity
to benefit of a free primary screeming service may  have
contributed to their moruitment, the fact that the costs of the
clinical manag) t that foll | a pusitive screening test were
at their charge may have d.imuu.rfd them from um].:r3uu:5
further clinical management. Uonside ring that one of the main
abstacles o screening icipation is its cont, this aspect may
have ml'.lu.ersmlﬂu]u r loss to follow-up mte in the IG, where
an ad.d.lurm]dmﬂ]nvzp W raqu.:ru]. { Loerzel and Buu]u_.- 2005;
Catarine &f af, 2015). Funthermore, as another bamier to
screening attendance is bak of time, the time-consuming aspect
of an additional dlinical visit may vu:P]am the ]1.iﬂ'u:r d.rvlrpuui rate
in the I (Cataring o al, 2116). This concept is reinforced by the
finding that the majority of participants who dropped out
between the baseline screening results and ﬂb]:Pthﬂl'P’!.' Were
wirking women, who may have bcked the time to undergoe
multiple dinical visits.

We fbund that HPV testing for CC screening led to an
incressed detection of CIN2+ lesions in the G when compared
to the CG Although in our case they are compatible with a
randam Auctuation, these résulis are in line with 'Previn-u.s studies
conducted in other industrialised countries (Curick ef al, 2004;
Bulkmans &f al, 2007; Naucler ef al, 2007; Ronmoo ef al, 2000;
Rijkaart £t al, 2012; Ronco ef al, 2014), which suppaort the wse of
HFY testing as a primary s:rum'nﬁum]. A metz-analysis on the

g roup group Imtervention group
N N %) P Control group {nl % % (nf P
Sl e s B4E31 (L) | 1wE38 (5 Q4m i A% BT O3% (1535 o
Btacri Eiilirsa sy (195 19317 m0 ooz Oz s 17% (4638
ey ared ool opry Oz 1.7% (4E31) 1% (SERE) o5
Chaaral NE3E) | IWE6 (104 0£50 f="Y- 17K (4331) TP (100338) an
Abbrevmsem O - carvesl inTsaptheml nacpms guds T CM - cardcel nTee
Fitalnl recpbon orede & OG- carvesl nomepchalsl recplma owde 3; O824
cardcsl intrsap thall recpbens orecls 3 or mons evane; 5 numbar

subject suggests that, when PCR-based assys that amplify DNA
viral sequences are used, the performance of HPV testing on
climician-collected sam is urrrq:unue to that of Self-
smpling (Adyn ef al, 20014} Although recent resuls from a
qualitative study conducted in Switzerlbind have shown a certain

ee of 5 wcism toward the Self-= ing test, the majority
:Jﬁwmun ]i‘:ﬁrr of this technique \:fﬂﬁ u.nsr_rurmdj:mr_::
(Fargnoli f al, 2015). Furthermare, the absence of invalid HPV
test resulls supports the smplicity and feasibiity of this
technique when pedformed by women themselves, outside the
climical setting.

Ohse ol the main Pnﬂﬂems ufirppm‘l.'l.u: mhc sr_nunins_sg.'st:ms.
such as the one in Switserhnd, is that they can easily mis
people whoe have limited acoess to information and health
services, thus ot a-d.uqua‘l.d\- Coveri the entire hr#td.
PtrPuLLilm (Bischoff ef al, 2009 'I']'l.:nl?rsi step in bu.i]q].in3 a
strong screening service in Switzedand should be the imple-
mentation of 3 cotnd imating service in each Canton, with the xim
ul-e:'la])\]'u}l.ir:sa screening program in arder to inform and mise
the population’s level of awareness of CC and its prevention. In
addition, in order to increase the program’s effectivenes, the
oot 1|-|"|:|r imary saunha;shrul.l be covered by federal funds, at
least for women whose annual income does not exceed a certain
threshold. Further studies are needed in arder to validate the
primctive screeming strategy v the opportumistic one in
Switzerdand.

Omee promising way o increase follow-up compliance would be
b‘y in-m-rpum.inﬁ HPY tﬂﬁr:s in a ‘screen-amd Areaf strategy,
which would simplify the dinical management that follows 2
Pnsii.iw test result. By reducing the number of climical visits, the
screen-and-treat’ stmtegy ey be prefemble in developing
cmmiries, where some of the main Sctors infuencing the success
of OC sereening ampaigns are low patient compliance and loss to
follow-up. The more promising option for indistrialised countries
such as S‘wi‘l.aeﬂamlappwsurb:ﬁg 1l:-=1\.'\|l:|'|.ir_'|'|..'I:-‘g.I mlu.cmﬁﬂ'l.-e
number of clinical visits while alleviating the costs of CC screening,
woukl allw to break down the main bumies to CC screeming
attendance.

Strengths and limitations. One strength of this study was the
fi.ﬂ.idp.‘lfibr! of ethnically diverse women, which reflects the real-
il 'PtrPqu.ilm in the Swis canton of Geneva. Another sl.rmg,l.]'l. is
mprﬁ:m.ﬂlh- the fact that we used a peal-time PCR that allowed
r?ﬂu HPV-16/18 genotypes, which are amodated to a
r nsk d.ﬂduplr:s O, from other 12 HR-HPY types In
addition, 25 oppossd to ofher trials wsing Self-smpling, which
registered between L5 and 0. 7% of unstidactory HPV test results,
we had no invalid results IEmgaal-d' al, 205 ﬁiqrg'-Rms' ef al,
20151
(e study has some limittions that need to be addressed. We

were able to recruit fewer participants than expected by the sample
size estimation The asmunplions used to estimated the n.rn'P]: size
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limiting the power to obtain statisically significamt difference
between the two wpl:iqns for initial EI'BE'III'IS. In addition, our
study was conduced in an wrban . which limits the
generalimtion of sur resuts to the populstion living in Switzedand.
Amsither resson for which the study group was not entirely

ive of the i livi in Geneva and s
Z::lm rundlings is the F']:'P""P"-'r::‘ af mﬁm with previous CC
Sﬂ'\ﬂﬂ'lil'lﬁ.w}lﬂi Weks ﬂ't]'bu']'l:is}l.:s uru'n'pm'ul with the lower mtes
in Geneva and its surrosndings. Additionally, an important pre-
sdection bixs is likely to have occurred. Since we selected women
whir had :ch\d\- wrbed b the vmm'p:n'gn‘s advertisements,
participants were possibh mqr\ew:ﬂ]:inﬁtumptmy DL screening
appruach than the generl popuation.

CONCLUSION

When compmred to Pap testing, Self-sampling does not increase
screening 'p:'ﬁciputiqn:'sw mt:.?i:ml mﬂlﬂp'i.:mml warmen who
are motivated o i i i i
Switzedand The clinical mmlm of HPV -paeitive women
Terjirines further attention in « tor define the most mp‘ﬂie
algorithm in terms of women compliance, finmancial and dinical
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The risk of acquiring vaccine-preventahle diseases i higher
amaong incarcerated populations, compared to the general
population. Factos associated with this are: history ofsocial
precarty/vulnermhility, risky behaviowurs and the baseline
prevalence of communicable diseases within these popula-
tions (1). Adolescents in juvenile correctional Beilities area
particulady vulnershle population in regards to vaccine-
preventable disesses. Therfore, vaccination is a key health
promotion activity towards adolescent well-being and
healthy development, especially for incarcerated youth (2).
A juvenile corrections facility ervirmmment provides a vac-
cination window for an at-risk population whose access to
healthcare s otherwise mited in the community. This study
analysedimmunisation data among incarcerated adolescents
in Geneva, Switzerland. Our objectives were to examine
vaccination coverage and compare these data to a commu-
nity adolescent population in Geneva.

All adolescents admitted to the ‘Clairére’ for a consec-
utive duration of at least three months, between January
2009 and December 2011 were eligible for the study. The
Chirére iz a juvenile correctional facility for adolescents
(ages 12-18 years) awaiting trial or sentenced to an educa-
tional placement in detention. All admits undergo an intake
history and physical examination at entry. Immunisation
records for participants were systematically retrieved by at
least one of the following mechanizsms: existing vaccination
charts in the personal health record, communication with
paediatrician and/or by serologic examination (with con-
sent from the adolescent) Some information was also
obtained from legal parental guardians, letter was automat-
ically sent to all guardians asking abowt immunisation
records history.

B0 Foundation Ada Fadiarcs. Fublchad by John Wiay & Sons Lod

Immunisation history for the study focused on the
following vaccination dose completion: tetanus, diphtheria
and pertussis (DTaP), polio AFV) (for DTeP and IPV,
between three and six doses accomding to age of initial
immunisation), measles mumps rubella (MME) two doses,
hepatitis B (HBV) (two or thmee doses according to
vaccination schedule) and Human papilloma vins (HPV)-
three doses (3). For those individuak with multiple admis-
siors into the juvenile correctional facility, vaccination
history was computed as a tally of their cumulative entry
examinations and considered here a5 a single data point.
We also collected socio-demographic data (age, sex, place
of origing.

The study was approved by the ethical research commit-
tee (CER 12-238-R) from the Univesity Hospitalk of
Geneva. Informed consent was obtained from all individual
participants included in the study.

We used the binomial proportions test and the Wilcoxon
two-samples test to compare coverage between incarcer-
ated youth and the general adolescent population. The
significance level was set at p < 0.05. Statistical analysis was
performed using Stata 10.

We compared these msults to a sample of community-
living adolescents in Geneva, wsing 2007 vaccine preva-
lence data from the youth health service/'Service samté
Jeunesse' (88]) from 3007, Service santé Jeunesse con-
ducted vaccination surveys among 16-yearold sudents
enrolled at secondary schools in the Geneva cantorn. The
58] survey methodology regarding students’ i nisat ion
history is described elsewhere (4).

For the 36-month study period, 116 eligible adolescents
(93 boys and 25 gifs) detained for at least 3 months were
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enmlled in the study (100% participation rate). Mean age
was 15.35 years (5D = (L11). We can observe that fifty-five
percent (63/116) of participants were Swiss, and 45% (537
116) were breign-born (18 from Southem Eurmpean
countries, two from Eastern Europe, three from the Amer-
ican continents, four from Asia and five from Africa). OF the
116 participants, 36% (1C95%: 27 5-453) were vaccinated
on schedule (againaTdap, Polio, MME and HEV), in line
with the recommendations from the Swiss Federal office of
Public Health (3). Specific immunisation rates are shown in
Tahle 1.

Compared to a community adolescent population in
Geneva in 2007 (the 85] study), these incarcerated adoles-
cents had significantly lower immunisation rates for all
vaccines  (p < 0.0001), except for the HPV vaccine
(p=0.71) (Table 1j. PFurthermore, immunisation rabes
acconding to arigin were mostly similar. However, Hepat itis
B immunisation mtes of Swiss-bom adolescents (60.5%)
were significantly higher than foreign-born adolescents
(T9%) (p= 00001). There was no statistically significant
difference in vaccination rates according to sex (Tahle 2).

Eighty-nine vaccine injections were adminisered during
detention; 32 adolescents became up-to-date on their
vaccines during detention

There are few studies that examine the vaccine status of
adolescents in custodial detention. Similar to our findings,
two surveys in MNorth America showed a deficit in

Tabde 1 ‘accne overage @iesfor 2009-2001 Caine adoeoonts vems 2007 551
lemag shrfy populaion

Chairidre M = 116 SSUN=m2

N 0w 95 N 0w 950 p

Hp a2 342 I7A-452 7T 845 A21-848 <0000

Poio 55 474 34 55 70 844 821848 <0000

ME T 612 521887 TE8 842 RIS 84T 000N

Hep B 45 170 MMA-461 581 415 543 G448 <0000

HA® 3% 533 E31-7 250 560 514606 071
438

*idminefered only fo fermales
5| = Service saE Jounese.
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vaccination coverage among incamerated adolescents. A
study from the United States showed that the haseline
immunisation coverage of adolescents entering the juvenile
justice system was lower than the general adolescent popu-
lation (5). A Canadian sudy observed that 753% of adoles
cents under detention had meomplete immunisations
acconding to Canadian Mational Advisory Committee on
Immunizations; 49% were missing tetanus, diphthera and
acellular pertussis immunisations; 33%, meningoooocus,; 2o,
measles, mumps and rubella; and 37% (55 of 148), hepatitis
B. Routine vaccine evaluation and access to medical services
in detention increased vaccine coverage from 27% to 65% in
this juvenile population (2 ). Nevertheless the severity of this
problem depends on region: a study in Spain showed that
only 16 8% of adolescents admitted to a juvenile cormectional
facility were incompletely immunized (6).

Ome notable finding was that HEV and HPY immunisa-
tion mtes were low in the study population (37% and 53,
respectivelyl. This is of ncreased importance given that
incarcerated adolescents have an elevated risk of sexually
tmmmitted infections (7). Gaskin et al. have already
demonstrated that immunisation programs in the juvenile
justice sefting increase coverage rates to levels that are
comparable to an adolescent population in the community
(5). Thus, vaccination progmams for incarcemted adoles
cents should ako foeus on “catch-up’ vaccine boosters that
prevent sexually transmitted infections.

In terms of limitations, the findings may not be readiy
genemalisable to other settings and/or populations as the
study took place at one detention facility in Geneva. It is
also possible that vaccination history abstracted from
medical records did not reflect true immunisation status
Mevertheless, subsequent efforts were made to systemati-
cally corroborate vaccine record information with commu-
nication with adolescents’ parents and/or their primary
care physicians This study demonstrmated significantly lower
rates of vaccination coverage among Geneva's incamerated
adolescents, compared toa population of adolescents inthe
community. Medical service during detention is a health-
promoting opportunity  for these at-visk youth. Such
semvices include screening examinations that review vacci-
nation records and proactive waccine administeation

Tabde 3 ‘iaccine covwerage amss ongin and s, a Chirere astodial fadlity in 2009-2000

Pz of orign S

‘iaccina ion schedile complebed iwizbomn = & Fomign-bam n = 5 ] Male n = 5 Female n = 23 ]
T Tdap 2663 (41 2W) 16,55 {30.1%) a2 51,55 (35 5W) 11725 (a7 5%) iR E ]
Palia 51/63 (@3%) 2455 {45 2%) &7 41,55 (440 14,25 (SiLEw) 15
NN 3963 (61 9%) E2/53 {80%) a8 57055 (625%) 14,25 (S agr
Hep B 5863 (S05%) 5/535 {7.50) L1001 52055 (Sa.au) 11725 (a7 5%) 1L
HAS 410 (20%) 813 {61 5%) a9 - 1225 (52 1%)

ML Vacdnes 2563 (36.5%) 1455 {26.4%) 4L 51 (35 30) 11725 (a7 5%) AL
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(catch-up’ the patient to the recommended national
schedule). In the long-term, these public health measures
not only protect this vulnerable population, but ako the
community at large.
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Successful Implementation and Results
of an HPV Vaccination Program in
Geneva Canton, Switzerland
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ABSTRACT

We describe a human papillomavirus (HPV) vaccination program implemented
since 2007 in Geneva Canton, Switzerland, that used school services, a public
haspital, and private physicians as vaccination providers. We assessed program
performance with the evolution of immunization coverage during the first

four years of program implementation. We measured vaccination coverage of
the target population using individual records of vaccination status collected
by service providers and transmitted to the Geneva Canton Medical Office.
The target population was 20,541 adolescent girls aged 11-19 years as of
September 1, 2008, who resided in the canton when the program began. As
of June 30, 2012, HPV vaccination coverage was 72.6% and 74.8% in targeted
cohorts for three and two doses, respectively. The global coverage for thres
doses increased by 27 percentage points from December 2009 to June 2012.
Coverage for girls aged 16-18 years at the beginning of the program reached
80% or more four years into the program. High coverage by this HPV vac-
cination program in Geneva was likely related to free vaccination and easy
access to the vaccine using a combination of delivery services, including school
health services, a public hospital, and private physicians, covering most eligible
adolescent girls.
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Human papillomavirus (HPV) represents a group
of sexually transmitted viruses of particular interest
because of their high prevalence and strong causal
association with cervical cancer.! Cervical cancer is the
second most frequently occurring cancer in the world
for women.* Every year in Switzerland, 5,000 women
present with a precancerous lesion of the cervix or
an in situ carcinoma, and 320 women present with
an invasive cervical carcinoma requiring surgical or
laser treatment.! Half of the women presenting with
a precancerous lesion of the cervix or an in situ carci-
noma are <250 years of age at the time of diagnosis.” In
Geneva, Switzerland, 400 cases of in situ and 30 cases
of invasive cervical cancer are diagnosed annually,
resulting in 5-10 deaths per year.* Both morbidity and
mortality associated with this infection can be reduced
through vaccination.”

Two vaccines to prevent HPV infections have been
developed by two companies, Sanofi Pasteur MSD and
GSK.** that decrease the incidence of precancerous
lesions of the cervix and also that of genital warts,
another HPV-related infection.” Since 2006, following
the European Medicine Agency approval of Cervarix®
and Gardasil®, these two vaccines have been used in
most European countries.” Cervarix targets HPV-16, -18,
-31,-33, and -45, the five most common cancer-causing
viral types, including most causes of adenocarcinoma.
Gardasil targers HPV-16, -18, and -31, the three com-
mon squamous cell cancer-causing viral types, as well
as HPV6 and -11, which are associated with genital
warts and respiratory papillomatosis." As in the United
States, natonal recommendatons on Immunizatdon in
Switzerland are implemented by states (cantons), which
have a wide level of autonomy on health-related mar-
ters. In Geneva Canton, the operatonal strategy was
to vaccinate as many eligible (i.e., aged 11-18 vyears)
adolescent girls as possible by sending them individual
letters and making vaccination free of charge through
all potental health-care providers of this age group
(e.g., pediatricians, general practiioners, gynecologists,
public hospital clinics, and school health services). This
article provides an overview of the establishment of a
publicly funded HPV vaccinaton program in Geneva
Canton, preliminary coverage results, and key features
of success.

METHODS

Implementation of the HPV vaccination

program in Geneva

In Switzerland, immunizaton policy is defined by
the federal immunization commission. Vaccines for
children are provided free of charge through the

mandatory universal health insurance program. Vac-
cinations are mostly administered by private physicians
and school health services in public schools. In some
cantons, state-employed public health nurses and
physicians provide preventive services such as vaccina-
tion and health education in publicly funded schools.
Since 2007, the Swiss Federal Vaccination Commission
has recommended HPV vaccination free of charge for
adolescent girls aged 11-19 years'' through a cantonal
vaccination program. During the 2007-2008 school
year, Geneva Canton was among the first cantons in
Switzerland to plan and implement such a canton-wide
HPV vaccination program through three different and
complementary service providers: in public schools,
by private physicians, and by the Geneva University
Hospital.

During the first year of the program (2007-2008),
only the 2,150 girls in seventh grade in public schools of
the canton (i.e., aged 11-12 years) could be vaccinated
by the School Health Service (i.e., Service Santé de la
Jeunesse [SS]]). Since the 2008-2009 school year, vac-
cination has been offered free of charge o adolescent
girls aged 11-19 years, amounting to approximately
4,000 eligible adolescent girls each year. Girls can be
vaccinated by one of three service providers: in public
schools (since 2007-2008), by private physicians, or by
the Geneva University Hospital.

Vaccination data monitoring was available through
a list of girls who had received their first, second, and
third shots and were sent three times per year to the
State Medical Office. Participating private practiioners
(i.e., pediatricians, gynecologists, internisis, and gen-
eral practitoners) received the vaccine doses free of
charge. Every three months, they transmitted individual
electronic vaccination forms—including name; date of
birth; and number and date of first, second, or third
dose—to the State Medical Office. Geneva University
Hospital offered vaccination to those who did not have
a private physician or who could not or did not want
to use SS]. They applied the same procedure as private
practiioners and submited vaccination forms to the
State Medical Office every three months.

Program promotion

Geneva University Hospital vaccination was offered on a
voluntary basis. Public information and the vaccine pro-
motion were therefore essential to reach the targeted
coverage of 80% with three doses. All service providers
contributed to this actvity and received promotional
documents, including posters and brochures prepared
and printed locally or by the Federal Office of Public
Health. On the basis of the federal immunization com-
mission positoning, the Federal Office of Public Health
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makes official recommendations and ensures that rec-
ommended vaccines are included in the list of services
covered free of charge by the national insurance plan.
All eligible adolescent girls (or their parents if they
were << 16 years of age) received a letter from the State
Medical Office containing three vaccination vouchers
for the first, second, and third injections. When the
state HPV vaccination program was launched, all teen
girls aged 16-19 years—16 being the age of sexual
majority in Switzerland—or their parents if they were
11-15 years of age received a lener with information
on the HPV vaccine. This letter included three vouch-
ers to complete and present at the time of vaccination.
These vouchers were sent by the health-care provider
to the HPV program coordinator and used for their
reimbursement and statistics. The SS] sent a separate
mailing offering vaccinadon in schools. The mailing
for girls </16 years of age included a parental consent
form. A reminder letter was sent to all eligible girls.
An automated electronic reminder via short messaging
service and an individual letter were also sent to the
eligible girls owning a mobile phone who had received
their first injection at the Geneva University Hospiral
vaccinaton center.'?

Estimation of HPV vaccination coverage

of the target population

At the beginning of the Geneva vaccination program
in September 2007, 20,541 adolescent girls aged 11-19
vears were eligible for vaccination, with a new yearly
cohort of approximately 2,400 11-year-old girls. This
number was used as the denominator o estumate
immunization coverage with two and three doses of
vaccine; this yearly denominator was supplied by the
Service for Research in Educaton of the canton of
Geneva based on an official government database. To

determine the numerator, each service provider trans-
mitted a nominal list of the people who had received
their first, second, or third doses of HPV vaccine to the
State Medical Office on a quarterly basis. Coverage for
these cohorts was measured three umes: on December
31, 2009, a year and a half after the program started;
on June 30, 2011, after three years; and on June 30,
2012, four years into the program. We conducted sta-
tistical analysis using Stata® version 10.0." All personal
identifiers were removed prior to the analysis.

OUTCOMES

A year and a half into the program, three-dose HPV
coverage for the 1989-1997 birth cohort was 45.6%
(Table). Coverage had progressed to 61.4% after three
vears and 72.6% afier four years, a 27-percentage-point
increase in 2.5 years. Two-dose HPV coverage increased
from 47.9% 1o 63.2% 1o 74.8% at the 1.5, 3 and 4-year
marks, an increase of 27 percentage points in 2.5 years
for the target population (data not shown). The vast
majority of girls who received their second dose also
received the third dose, with an average difference of
only two points (data not shown). To date, the highest
coverage was reached among girls born between 1994
and 1996 (aged 16-18 years at the beginning of the
program), and at least 80% of them had received three
doses of vaccine four years into the program (Table).

Service providers covered different age groups.
S5] vaccinated 80% of the 14vyearold girls, 60% of
the 13-year-old girls, and <10% of those aged 16-21
years. Medical doctors in private practice vaccinated
50%—70% of the target population except in the 13-
to 14-year-old age group. Geneva University Hospital
{ad hoc vaccination center) vaccinated about 50% of
girls aged 18-19 years and a much lower proportion

Table. Evolution of third-dese HPV coverage from December 31, 2009, to June 30, 2012, for adolescent girls
born between 1989 and 1997 in Geneva Canton, Switzerland

Third-dose HPV coverage  Third-dose HPV coverage  Third-dose HPV coverage
Eligible girls as of December 31, 2009 as of June 30, 2011 as of June 30, 2012
Birth year M Percent Percent Percent
1789 2,282 5.0 40.9 45.0
1920 2421 383 51.8 581
1921 2,342 80.2 £2.6 68.0
1992 2,256 54.5 &7.8 728
19923 2,297 85.9 749 76.9
1994 2,228 &61.9 78.0 80.1
1995 2,307 651 79.2 82.3
1924 2,218 54.2 781 82.0
1997 2,190 161 &4.7 75.0
Total 1989-1997 20,541 45.4 &1.4 72.6

HFV = human papillomavirus
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(5%—15%) of those aged 11-14 years. The proportion
of eligible girls who did not get the second and/or
third dose after receiving the first dose was similar for
all age groups regardless of the service providers, with
the exception of the S§] (data not shown).

LESSONS LEARNED

Within a fairly short period of time, the HPV vaccina-
tion program implemented in Geneva has achieved
immunization coverage as high as 82% in the main
target group. One reason for this success could be
related to the opportunity given the target audience o
be vaccinated by different providers (e.g., school health
service, Geneva University Hospital, and physicians in
private practice). Media interest, public promotion
of the vaccination program, and direct mailing with
free vouchers have also played an important role in
the program’s success. Although the monitoring sys-
tem was relatively complex for vaccination providers,
it helped to improve coordination and collabora-
tion between the various stakeholders and the State
Medical Office. In Geneva, the State Medical Office
coordinated the HPV vaccinadon program, imposing
for management purposes a strict registration system
for monitoring financial and HPV vaccine flow. This
monitoring scheme made it possible o follow rends
in vaccination uptake in the arget population during
the four-year period.

To date, Geneva Canton is the only canton in Swit-
zerland that has published comprehensive, population-
based coverage data." A first esimation of HPV cover-
age for the entire Swiss population was conducted in
2013 (Personal communication, Claire Anne Wyler,
School Health Service, Geneva, January 2014), indi-
cating a rate of 51% (95% confidence interval 48.4,
52.9) for three doses of vaccine in girls aged 16 years.
Unformnately, many Swiss cantons, especially Geneva
Canton, did not partcipate in this study: as such,
comparison with our results was difficult.

If cervical cancer is to be eliminated as a public
health problem, increasing and maintaining high HPV
vaccination coverage of new cohorts remains the main
programmatic challenge. In 19 out of 29 European
Union countries that have launched HPV vaccinaton
programs, coverage rates vary widely from only 17%
in Luxembourg to 84% in Portugal for three doses. In
2010, of seven countries reportng coverage data, only
Portugal and the United Kingdom had full vaccination
coverage rates =80% for their target groups." In the
11.S., vaccination coverage for adolescents aged 13-17
years with two and three doses significantly increased

annually for the 2007-2012 period: from 16.9% 1o
43.4% for two doses and from 5.9% 1o 33.4% for three
doses. However, this coverage rate is stll lower than
results in Europe or Geneva."”

There is no explanaton for the better acceptabil-
ity of HPV vaccinaton in Switzerland than in other
countries. As for Geneva Canton, there might be less
hesitation about immunization compared with other
countries. To better understand these differences, fur-
ther research will be conducted to determine the moti-
vation and reason for nonvaccination in our context.

Vaccination in boys is expected to facilitate the
eradication of cervical cancer, reduce transmission
of the virus, increase herd immunity, and contribute
to the prevention of HPV-associated diseases in both
genders. However, the Swiss Federal Office of Public
Health does not yet recommend HPV vaccination for
men. This issue remains important, as more incremen-
tal benefits are expected through the inclusion of boys
in the vaccine program.'”

Limitations

Our study was subject to several limitations. First, we
could not follow individuals™ vaccination history and
use the number of eligible residents, as it was known
in cantonal statistics at the beginning of the program,
as the denominator of coverage calculation. However,
this methodological cheoice should only have had a
marginal impact on the coverage estimate and its trend
because the cohort of eligible patients remained fairly
stable during this short period of time. Second, not
all service providers transmitted the nominal lists of
vaccinated people for monitoring. Thus, there was a
bias in the evaluation of our coverage.

CONCLUSION

Although estumated HPV vaccination coverage has not
vet reached 80% in all eligible age groups, it has been
increasing over time and a favorable trend seems to
be emerging. Easy and free access to vaccinaton; well-
coordinated delivery services, including school health,
public hospitals, and private physicians; and general
and individual information played a major role in this
program’s success. In the fumre, an important chal-
lenge will be determining if this strategy is the best one
for maintaining and further increasing coverage with
younger cohorts and expanding the target population
o young men.

This study was supported by a grant from the State Medical Office
of Geneva.
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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
atage 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 4™
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.
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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

77



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.

78



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

80



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 um) 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

Variance logit

Pooled Specificity (95

Variance logit

(95 % ClI) (sensitivity) % Cl) (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:

e The Cochrane Review forgot about half of the eligible tests

e The included trials used composite substitution criteria for cervical cancer

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

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

o 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).
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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 commmunication 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)

MODIFIER LE COMPORTEMENT HUMAIN : TOUT UN PROCESSUS

Les gens suivent généralement un processus itératif pour prendre de nouvelles mesures ou modifier \
un comportement. Par exemple une mére peut :

Apprendre son existence grace

Ne rien connaitre du ; e
a la communication

vaccin anti-HPV

3 Envisager d'accepter le vaccin
anti-HPV grace aux connaissances

Ultérieurement faire acquises de plusieurs sources

vacciner sa deuxiéme fille

Faire vacciner sa fille

De nombreux facteurs jouent un réle dans la réussite du processus, y compris la perception de la menace
représentée par le HPV et le cancer du col de I'utérus, la mesure dans laquelle elle a confiance dans le vaccin
k anti-HPV, le message et sa source, les mesures prises par les amis et la famille et I'accés a ce vaccin. _,)

Figure 8: Modification of Human Behavior towards HPV vaccination
Future Perspectives
HPYV 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
HPYV 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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