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1
HUMAN PAPILLOMAVIRUS

An infection with the human papillomavirus (HPV) is the most common sexually 
transmitted infection worldwide, with a lifetime risk of approximately 80%.[1] 
Both men and women are susceptible for HPV and can develop HPV-related 
diseases as anogenital and oropharyngeal cancers. Approximately 5% of all cancers 
worldwide are associated with HPV and over 99% of squamous cell carcinomas of 
the cervix are caused by HPV.[2, 3] Besides its oncogenic role in several cancers 
HPV is also involved in other diseases such as genital warts and recurrent 
respiratory papillomatosis.[3] To date, over 180 different types of HPV have been 
sequenced, these types vary in tissue tropism, viral life-cycle, symptomatology 
and oncogenic potential. Approximately 40 HPV types are known to infect the 
mucosae of the genital tract. HPV types are divided in five genera based on their 
DNA sequence (alpha, beta, gamma, mu and nu). The mu, nu and gamma genus 
are known to cause benign cutaneous lesions. The beta genus is associated with 
unapparent infections in immunocompetent hosts, whereas in immunosuppressed 
hosts these lesions can proliferate. The alpha genus is known to infect the mucosa 
and is further stratified into 13 species.[4] Based on phylogenetic, epidemiologic, 
and oncogenic potential alpha HPV types can be divided into different groups.[5] 
The most important are the group 1 (carcinogenic types), which involves HPV16/
18/31/33/35/39/45/51/52/56/58/59, for these types sufficient evidence for causing 
cervical cancer was found. Group 2A includes HPV68 and is classified as probably 
carcinogenic mainly based on phylogenetic relation with carcinogenic HPV’s 
but epidemiological and biological evidence is virtually lacking. Currently these 
thirteen types of HPV in group 1 and 2A are considered high-risk (hr). Group 
2B is classified as possibly carcinogenic and includes HPV types 26,53,66,73 
and 82.[6] Most common HPV-types in cervical cancer are HPV16 and HPV18, 
which belong respectively to the α9- and α7-species. Low-risk types are known to 
be involved in genital warts and recurrent respiratory papillomatosis. The most 
important types are HPV6 and HPV11.[7] 

The uterine cervix is located between the uterus and vagina and exists of the endo- 
and ectocervix. The border between these two is called the squamo-collumnar 
junction (SCJ). In the SCJ, from puberty onwards, under hormonal changes, 
squamous epithelial cells replace glandular columnar epithelial cells. The shift 
between the new and old region is called the transformation zone. The present 
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view is that the basal cells of the transformation zone were the most vulnerable 
for neoplastic changes and cervical cancer was thought to arise from this zone. 
However, recently Herfs et al. proposed that a single layered cuboidal cell 
population of embryonic origin at the SCJ, with unique cuboidal morphology and 
expression of SCJ-genes, is more likely the place where cervical cancers arise from.
[8] HPV requires host cell factors to regulate viral transcription and replication. 
Through micro-abrasions or wounding the basal cells might be infected with HPV.
[9] The infection maintains a few weeks and as the basal cells of the epithelium 
differentiate viral replications occurs. The viral E6 and E7 proteins are responsible 
for reactivation of the replication machinery in differentiated non-dividing cells. 
From terminally differentiated cells, viral particles are shed at the epithelial 
surface, this is called a productive HPV infection.[10] Although HPV uses 
several strategies to evade the immune’s host system, approximately 90% of HPV 
infections are cleared within two years.[11] E6 and E7 can become deregulated 
and become expressed in dividing cells. This transforming infection leads to 
deregulation of the cell cycle, and genetic instability resulting in (epi)genetic 
changes, which lead to additional morphological changes.[12]  Cervical squamous 
cell carcinomas develop through different precursor lesions, also called cervical 
intraepithelial neoplasia (CIN), which are categorized in three groups. Grading of 
lesions is of importance for clinical management. CIN1 (mild dysplasia) lesions 
are referred to as low-grade precursor lesions; in this case morphological changes 
involve up to 1/3 of the epithelium. When 2/3 of the epithelium shows dysplasia, 
this moderate dysplasia is graded as CIN2. CIN1 and part of the CIN2 lesions 
are mainly associated with productive infections, while another part of CIN2 and 
higher are associated with transforming infections. So, the group of CIN2 is a 
heterogeneous group, involving both productive and transforming infections.  In 
case of CIN3 (severe dysplasia and carcinomas in situ) more than 2/3 up to the 
entire epithelium is affected. CIN2/3 lesions are also called high-grade lesions.
(Figure 1) Precursor lesions of adenocarcinoma are less well defined. However 
adenocarcinoma in situ (AIS) is a well known precursor for adenocarcinomas of 
the cervix.[13]
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Figure 1. Precursor lesions to cervical cancer. 
(Adapted from: Woodman et al. 2007[14])

Epidemiology of HPV infections
To describe the epidemiology of HPV infections, several diff erent outcome 
measures during the natural course of infection can be used, as illustrated in Figure 
2.[10] Epidemiology of HPV infections worldwide vary based on anatomical site, 
gender, region, ethnicity and in specifi c risk groups.[4, 15, 16] As mentioned 
earlier, approximately 80% of sexually actives will contract an HPV infection 
during life. Of these infections over 80% is cleared, as defi ned by not detectable by 
HPV testing. Th e remaining infections persist within a cell and could progress to 
cervical lesions or regress.[4, 17] 

Normal cervix CIN1/2 CIN2/3 Cancer

Productive infectionProductive infection Transforming infectionTransforming infectionhrHPV

<15 years2-3 years

        Invasion

ProgressionProgression

RegressionRegression

HPV persistence

Additional (epi)genetic events in host cell genes

Figure 2. Diff erent states in the natural history process of HPV infection to cancer.
(Adapted from Steenbergen et al. 2014[18])
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In Western countries, the highest cervical HPV prevalence is reported in women 
between 20-25 years of age, and decreases with increasing age. Population 
estimates of HPV prevalence among women vary widely, which can be largely 
explained by differences in the population investigated, age and the HPV DNA 
detection assay used.[4] A meta-analysis including over 100,000 women with 
normal cytology, showed an estimated global HPV prevalence of 11.7% (95% 
CI 11.6-11.7%). The highest HPV prevalence was found in Sub-Saharan Africa 
(24.0%), followed by Eastern Europe (21.4%) and Latin America (16.1%). Despite 
variations between regions, the most prevalent HPV types worldwide are HPV16, 
18, 31, 52 and 58.[16] HPV prevalence increases with increasing pathology at 
the cervix, although this varies for different HPV types.(Figure 3) Most common 
types in invasive cervical cancer are HPV16 and HPV18, which are responsible for 
approximately 70% of all cervical cancers worldwide. Interestingly, besides HPV16 
and HPV18, HPV31,33,45,52 and 58 are responsible for an additional 20% of all 
cervical cancers.[19] An increased long-term risk for CIN3 and invasive cervical 
carcinoma (ICC) compared to other HPV types was found for HPV16 in several 
studies, this is reflected by the steady rise in HPV16 prevalence from normal 
cervical tissue via increasing CIN grades to carcinoma.[20, 21] 
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Figure 3. Prevalence of HPV types as proportion of HPV positive samples. 
(adapted from: Guan 2012 [21])
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The prevalence of hrHPV types among women between 18 and 29 years of age in 
the Netherlands has been estimated at 12% in 2007.[22] Among participants of 
cervical cancer screening aged 29-61 years measured between 1999 and 2002, the 
presence of hrHPV was age-dependent and decreased from 12% (29-33 years) to 
2.4% (59-61 years).[23] A more recent study including samples from 2013 and 2014 
of the cervical cancer screening program showed a comparable age-dependent 
pattern, but with higher hrHPV prevalence (18.7% for 29-33 year olds to 4.2% for 
59-63 year olds).[24] The median duration of any HPV infection is 9.3 months 
(range 6.0-14.8). Median duration for hrHPV types was slightly longer than for 
low-risk (lr) HPV-types.[25] Lowest clearance rates among women with normal 
cytology were observed for HPV16,18,31 and 33. Regression of CIN lesions is 
associated with clearance of HPV. Consequently clearance of HPV in associated 
CIN3, the most advanced cervical cancer precursor lesion is low. Among women 
with CIN3+, a significantly reduced clearance rate (18 months) was observed for 
HPV16 and HPV33.[26]

Although data is increasing, HPV infections in males have been studied less 
extensively as in women.[4] It appears that among males, prevalence is more 
constant throughout life.[15, 27] A recent meta-analysis found a genital HPV 
prevalence of 12.4% (95%CI 5.6-21.5%) for any HPV in the general European 
population. However there was large heterogeneity, which could be partly be 
explained by a higher prevalence found in more recent publications. HPV16 was 
the most common found HPV type.[28] For anal HPV infections, the incidence 
rate is found to be lowest in men who have sex with women (9.7 per 100 person 
years), whereas the incidence among men who have sex with men and HIV 
positive males was found to be higher (range 21.3-46.2 per 100 person years).[29]

Risk factors for HPV infections
As HPV infections are sexually transmittable, most important risk factors for 
acquiring HPV are related to sexual behaviour.[30] Associations for the risk of 
acquiring an HPV infection were found for an increased number of (lifetime) 
sexual partners, number of sex partners of the male partner of a female, a shorter 
time interval between meeting a new partner and being engaged in sexual activity, 
age at sexual debut, also a high urbanization degree was associated with acquiring 
HPV.[31] Varying outcomes were found in studies examining associations of HPV 
acquisition with smoking, oral contraceptive use and for non-Dutch ethnicity.

48964 Robine Rasker-Donken.indd   15 28-01-18   12:56



Chapter 1

16

[4, 31-33] Additionally the interaction of HPV with other sexually transmittable 
infections has been explored. An increased risk of HPV and HPV related diseases 
is found among HIV infected individuals, HIV-positives are at a higher risk for 
contracting HPV infections due to their immune deficiencies, and on the other 
hand HPV infections predispose a higher risk for HIV.[34] Among cervical cancer 
patients, an increased risk for antibodies against Chlamydia trachomatis and 
Herpes Simplex 2 Virus was found.[35] Among males also inconsistent/lack of 
condom use and not being circumcised are associated with HPV detection.[15]

HPV-RELATED DISEASES 

Cervical cancer (and precursor lesions)
Cancer of the cervix uteri is the fourth leading cause of cancer among women 
worldwide and the most common HPV-associated cancer.[36] The majority 
of cases (85%) of cervical cancer occur in low-income countries.(Table 1) 
Worldwide 810 women a day die of cervical cancer.[3] In the Netherlands, yearly 
approximately 5300 women are diagnosed with CIN2/3, while approximately 850 
are diagnosed with cervical cancer.[37] Due to the introduction of nationwide 
organized screening programs, cervical cancer incidence and mortality have 
declined substantially over the past decades, but this tendency has stopped during 
the last years.[38]

Other HPV-related cancers
Besides its role in the development of cervical cancer, during the past decade 
evidence that HPV is also associated with a proportion of other cancers has 
been found.  It has been estimated that of all cancers worldwide 4.8% could be 
attributed to HPV. However the proportion of cancers attributed to HPV varies 
for the different cancer sites. From anal cancers approximately 88% is considered 
to be caused by HPV. For vaginal and vulvar cancers this is respectively 70% 
and 43%. Half of penile cancers and a quarter of all oropharynx carcinomas 
(including the tonsils and base of the tongue) could be attributed to HPV.[3, 36] 
The incidence and mortality due to non-cervical HPV-associated cancers in the 
Netherlands has been more or less stable in the past years, however amongst 
oropharyngeal cancers the proportion of cancers related to HPV is increasing. 
Yearly approximately 50 women are diagnosed with vaginal cancer with 20 deaths, 
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Table 1. Incidence and mortality of cervical cancer worldwide. [39]

Region Age standardized incidence rate Age standardized mortality rate
Africa
Eastern Africa
Sub-Saharan Africa
Middle Africa
Western Africa
Northern Africa

42.7
34.8
30.6
29.3
5.5

27.6
22.5
22.2
18.5
2.5

Asia
Western Asia
Eastern Asia
South-Eastern Asia
South-Central Asia 

4.4
8.5
16.6
19.3

1.9
3.3
7.9
10.9

America
Central America
Latin America and Caribbean
Northern America

23.5
21.2
6.6

8.9
8.7
2.6

Europe
Central and Eastern Europe
Western Europe
Southern Europe

16.3
7.3
8.5

6.2
1.8
2.4

Oceania
Australia/New Zealand
Melanesia
Micronesia/Polynesia

5.5
33.3
9.8

1.5
20.7
3.9

300-400 with vulvar cancer with 100 deaths, and 110 women with anal cancer 
with 20 deaths. Approximately 140 males are diagnosed with penile cancer with 35 
deaths and 90 males with anal cancer per year with 20 deaths.[37] A higher rate of 
anal cancer is found among men who have sex with men. Although the incidence 
rate of oropharyngeal cancers in the Netherlands has been more or less stable in 
the past years, the prevalence of HPV in oropharyngeal squamous cell carcinomas 
has significantly increased in the past twenty years from 5.1% (1990) to 29.0% 
(2010).[40] The clinical outcome for patients with a HPV-positive oropharyngeal 
cancer is in general better than for patients with a HPV-negative cancer.[41] 

Other HPV-related diseases
Over 90% of anogenital warts (AGW) are caused by low-risk HPV types 6 and 11. 
After an infection with HPV6 or HPV11 a small proportion of infected individuals 
will develop warts around the genitals and the anal tract. The median time from 
infection to warts varies in literature between two and ten months. Pre-vaccine 
data showed an annual incidence of 0.1-0.2% in developed countries, with the peak 
incidence in teenagers and young adults.[36] Possible symptoms due to AGW are 
mostly moderate as pain, itching and discharge from urethra of vagina. However, 
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AGW might also have a high impact on the emotional well-being of patients.
[42] Treatment of AGW is mainly focussed on the removal of warts themselves 
and not on the HPV infection. Hence, recurrence rates of AGW are high. The 
annual reporting rate for genital warts at general practitioners increased between 
2009 and 2014 in both men and women.(Table 2) The proportion diagnosed with 
genital warts is higher in men than in women, this was also found among STI clinic 
visitors. In 2015 the number of AGW diagnosed at STI clinics in the Netherlands 
was 2000.[43]

Table 2. Annual reporting rate (number of episodes per 1000 persons) of anogenital warts in the Netherlands 
as found by general practitioners. [43]

2009 2014
♀ 1.7 2.3
♂ 1.6 2.5

A rare syndrome “recurrent respiratory papillomatosis” (RRP), is caused by 
HPV6/11. Most affected are young children and young adults. For young children, 
vertical transmission (mother to child) during delivery or in utero was found. In 
young adults, oral sex might lead to RRP. Immunodeficiency and related infections 
are considered as important risk factors for RRP.[44]

Burden of disease
HPV showed the highest burden of infectious diseases compared to other vaccine-
preventable diseases in the Netherland.[45] It has been estimated that the average 
annual total HPV related disease burden was 10,600 Disability Adjusted Life 
Years in females (2,120 due to disability and 8,484 due to life years lost) and 3,346 
in males (1,083 due to disability and 2,261 due to life years lost).  Although the 
burden was highest in females, the disease burden in males is increasing over time, 
while its share among women is decreasing.[46]

HPV VACCINATION AND OTHER PREVENTIVE 
MEASURES

Health prevention strategies can mainly be divided in three categories: primary, 
secondary and tertiary prevention. Primary prevention aims to prevent 
development of a disease in healthy individuals. An example of primary prevention 
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is prophylactic vaccination. Secondary prevention aims to detect disease in a 
subclinical and non-symptomatic stage. An example of secondary prevention is 
population based screening. Tertiary prevention aims to decrease the burden of 
disease and applies to individuals with a clinical disease stage. 

Secondary prevention of HPV associated carcinomas
Given the long duration between an HPV infection and the development of cervical 
cancer, cervical screening gives an opportunity to detect (pre)cancerous lesions at 
an early stage, to allow adequate cancer control by treatment of the detected (pre)
cancerous lesions. At this point no other screening programs for HPV-associated 
cancers are in place. Screening for (precursors of) anal cancer has been debated, 
especially for MSM.[47] For oropharyngeal cancer, development of screening 
programs is not possible as no precursor lesions have been recognised yet.

Cervical cancer screening
To date, many countries worldwide have implemented a cervical cancer screening 
program, resulting in a large decline in incidence and mortality of cervical cancer 
over the past decades. Currently the uptake of the Dutch screening program is 
approximately 65%. Taken into account also opportunistic screening, the coverage 
is approximately 77%.[48] Till recently the Netherlands (as many other countries) 
used cytology as primary test. The smear is visually inspected under a microscope 
for cytological changes. Cytological abnormalities are classified according to the 
subjectively observed morphological changes in the cell. (Table3) In the early 
sixties, the Pap smear was introduced in the Netherlands as screening tool for 
cervical cancer. Regional organized screening programs were implemented 
from the seventies; however it took till 1988 to introduce a nationwide screening 
program. Between 1989 and 2007 cervical cancer incidence in the Netherlands 
declined from 9.1 to 7.9 per 100,000 women years.[49] In the Dutch screening 
program from 2017 onwards hrHPV DNA testing has replaced cytology as primary 
screening tool with the aim to increase the effectiveness of the program.[50] HPV 
DNA testing has a higher sensitivity for the detection of CIN2+, which results in 
an earlier detection of high-grade lesions and a consequently better protection 
against cancer than cytology.[51, 52] Due to the lower specificity and to identify 
HPV positive women with CIN2/3 lesions a triage test for colposcopy has been 
introduced (reflex cytology and cytology at 6 months). In the new Dutch program 
women are invited at 30, 35, 40, 50 and 60 years for a cervical smear at their general 
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practitioner. Only HPV positive women are tested by cytology at baseline and 6 
months and referred for colposcopy, if cytology is abnormal (or higher or equal 
to ASC-US/BMD). Only for women who are HPV negative at the age of 40 or 50 
the screening interval is extended to 10 years. Women who are HPV positive and 
have two negative cytology tests (at baseline and after six months), will be invited 
again within 5 years because these women remain at a higher risk for CIN3+.[53] 
Women who are not reacting to a first invitation receive a second invitation for 
either visiting the general practitioner for making a smear or opt in for receiving 
an HPV self-sampling package.[54] 

Table 3. Classifications of cytological smears. (Adapted from: Bulk 2004 [55])
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Bethesda 2001: ASC=atypical squamous cells, -H=cannot exclude HSIL, -US=undetermined significance, 
AGC=atypical glandular cells, fn=favour neoplastic, LSIL=low grade squamous intra-epithelial lesion; 
HSIL=high grade squamous intra-epithelial lesion, AIS=endocervical adenocarcinoma in situ, SCC=squamous 
cell carcinoma, AC=adenocarcinoma. CISOE-A: C=composition, I=Inflammation, S=squamous epithelium, 
O=other abnormalities and endometrium, E=endo-cervical columnar epithelium.

Primary prevention of HPV-associated diseases
Currently available prophylactic vaccines
Primary prevention of HPV-related diseases is possible by the use of prophylactic 
vaccination. The discovery that the major structural L1 gene of HPV 
automatically folds into non-infectious VLPs forms the basis of the currently 
available vaccines.[56] At this moment, three vaccines are licensed for the 
European market, which aim to prevent HPV-related diseases; i.e. a bivalent 
vaccine (Cervarix®, GlaxoSmithKline) that includes the high risk HPV types 
16 and 18, a quadrivalent vaccine (Gardasil®, Merck MSD) that includes in 
addition to the high risk types HPV16 and 18 also the low risk HPV types 6 
and 11 and a nonavalent vaccine (Gardasil 9®, Merck MSD) that covers 7 high 
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risk types (HPV16/18/31/33/45/52/58) as well as two low risk types HPV6 
and 11. Originally the bivalent and quadrivalent vaccines were licensed for the 
prevention of cervical cancers (and the quadrivalent vaccine also for prevention of 
genital warts). Since the original licensure, registration has been extended to boys 
and other (precursors of) cancers. The vaccines are now licensed for prevention 
of (precursors of) cervical cancer, anal cancer, vulvar cancer and vaginal 
cancer. Additionally the quadrivalent and nonavalent vaccine are indicated to 
prevent genital warts caused by HPV6 and HPV11. The licensed vaccines, their 
composition, schedules and indications are shown in Table 4. 

Intermediate endpoints for the implementation and evaluation of HPV vaccination
Given the long duration from infection to cancer, the WHO has endorsed several 
intermediate endpoints for the evaluation of HPV vaccines. These surrogate 
endpoints for cancer are chosen based on their role in the natural history pathway 
and scientific evidence.[59] The efficacy of the different HPV vaccines against 
CIN2+ lesions in adolescents and young adults caused by vaccine types in a 
population with no evidence of current or previous exposure is shown in Table 5. 
The efficacy of all three vaccines is very high.[60-63] 

In the original randomized controlled trials efficacy was shown in 16 till 26 year 
old against CIN2+. Now, for evaluation of efficacy in 16 till 26 year olds against 
cervical and anal disease, also persistent infections of six months or longer are 
defined as intermediate endpoint. For the evaluation of vulvar and vaginal disease 
high-grade lesions are considered as an intermediate endpoint. Evaluating the 
effects of the HPV vaccine in adults above 26 years of age considers persistent 
infections or high-grade lesions at cervix or anus and high-grade lesions at vulva 
and vagina. For the evaluation of the HPV vaccine in individuals younger than 
sixteen years of age the immuno-bridging principle is used. It assumes that when 
the immunogenicity in one group is comparable to the immunogenicity in the 
other group the efficacy (for protection against precursors of cervical or anal 
cancer (CIN2+ and AIN2+)) is also comparable.[59]
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Table 5. Efficacy against CIN2+ related to vaccine types in randomized controlled trials from different HPV 
vaccines in a population (15-26 years of age) with no evidence of previous or current exposure. [60-63] 

Vaccine Types Efficacy
Bivalent HPV16/18 94.9% (87.7-98.4%)
Quadrivalent HPV6/11/16/18 100% (89.8-100%)
Nonavalent HPV6/11/16/18

HPV31/33/45/52/58
-0.4% (<999-97.4%)*
96.3% (79.5-99.8%)

*=Compared to the quadrivalent HPV vaccine.

Immunogenicity of HPV vaccines
As showed in table 5, HPV vaccines are highly efficacious against CIN2+ related to 
vaccine types in HPV-naïve populations. After vaccination, high levels of IgG and 
neutralizing antibodies were found in vaccinated individuals. Till date, no correlate 
of protection has been established for the HPV vaccine. At this time sustained high 
antibody responses up to approximately 10 years have been shown for the bivalent 
and quadrivalent HPV vaccine among females.[64-67] Additionally follow-up 
till 5 years post-vaccination for the nonavalent vaccine is available.[68, 69] The 
exact mechanism of protection for the HPV vaccination is not clear yet. Based 
on animal models, it is thought that the protection is antibody mediated. It is 
suggested that after intramuscular vaccination with the VLP-based HPV vaccine, 
the VLPs are bound to myeloid dendritic cells and B lymphocytes. Signalling 
through toll-like receptor pathways leads to B-cell activation and antibody 
generation. The protection could be due to direct action of serum antibodies at 
the cervix, as they transudate or exudate to this site of infection. However, even 
with very low antibody levels, the protection persisted.[70, 71] Both induction of 
B-cell and T-cell epitopes has been shown after prophylactic HPV vaccination, 
which is considered of importance for long-term protection.[72] As mentioned 
above the primary vaccine-induced protection is through the humoral immune 
response. The memory B-cells are important in maintaining the serum antibody 
levels over time. In addition, they can provide a rapid burst of antibodies upon 
secondary exposure.[73] The role of T-cells in the immune response is less clear 
in natural infection; they are known to induce regression of established infections.
[71] However, T-cells could influence the generation and maintenance of memory 
B-cells.[74]

HPV vaccination implementation worldwide
Since the introduction of HPV vaccines, many countries worldwide have 
implemented a HPV vaccination program. Most programs focus on vaccination 
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of (pre-)adolescent girls (Figure 4), however programs vary in their coverage, 
number of doses and target groups. It has been estimated that worldwide among 
people eligible for and who had been offered the vaccine the full-doses coverage 
is 54.9%. Differences were observed for different income levels and geographical 
regions.[75] To date, also a number of countries have implemented gender-neutral 
HPV vaccination programs. These include Austria, Australia, some jurisdictions 
in Canada and the USA.[76] 

Figure 4. Countries that have implemented HPV vaccination as of June 2017. 
(Source: http://www.cervicalcanceraction.org/comments/comments3.php)
 All countries have implemented HPV vaccination. In dark blue countries that have a national program of HPV 
vaccination, in light blue countries where pilot programs are in place.

Since the implementation of the HPV vaccine into immunization programs 
worldwide for (pre-) adolescent women, several countries have reported on the 
impact and effectiveness of the HPV vaccine. Most western countries use the 
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quadrivalent vaccine in their National Immunization Programs at this time.[77] A 
systematic review including studies from high-income countries showed that the 
prevalence of HPV infections, AGW and high-grade cervical lesions in females 
between pre- and post-vaccination periods declined strongly. The coverage of HPV 
vaccination in the included studies varied between 34% and 89%. The prevalence 
of HPV16 and 18 declined respectively with 64% and 31% among females 13 till 
19 and 20 till 24 years of age. In addition, also a decrease in HPV prevalence was 
found among boys below 20 years of age.[78] A recent study from Scotland at the 
first cervical smear among women born in 1988-1993, who were eligible for catch-
up vaccination at ages 14-18, showed the vaccine effectiveness of the bivalent 
vaccine against prevalent HPV infections after one, two- and three-doses of the 
bivalent HPV vaccine. This was respectively 48.2% (95% CI 16.8-68.9), 54.8% 
(95% CI 30.7-70.8) and 72.8% (95% CI 62.8-80.3). Significant cross-protection 
against HPV31/33/45 was only found for two- and three-doses of the bivalent 
vaccine and amounted to approximately 50% for protection against prevalent 
HPV infections.[79] In countries that have implemented the quadrivalent vaccine 
also a strong reduction in the prevalence of AGW was found. These data also 
show some possible herd protection in boys, and slightly older women.[78] In 
vaccinated cohorts eligible for screening, also declines were found in low- and 
high-grade cervical abnormalities. A register-based cohort study from Sweden has 
shown up to 80% decline in CIN2+ in the youngest birth cohorts that were eligible 
for screening.[80] 

HPV vaccination in the Netherlands
The Dutch Health Council (HC) advised to introduce HPV vaccination in the 
Netherlands in 2008. This evaluation was based on seven criteria (Table 6), which 
include severity of the targeted disease, safety of the vaccine and acceptability. At 
the time of this evaluation, scientific evidence regarding HPV and the efficacy of 
the HPV vaccine against malignancies was almost solely based on cervical cancer 
and its precursor(s). Therefore only cervical cancer was considered in the advice.
[81] 

Based on the advice of the HC the Dutch Minister of Health, Welfare and Sports 
decided to introduce the HPV vaccine in the National Immunization Program 
(NIP). HPV vaccination in the Netherlands was included in the NIP in 2009. In 
the Netherlands, the NIP is a voluntary program and vaccinations are offered 
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free of charge.  Administration of vaccines above the age of four years is through 
municipal health services. By use of the electronic national immunization system 
Praeventis®, including all children from the Dutch population register up to the 
age of 19, children are invited for the NIP.[82] The HPV program started with a 
catch-up campaign in birth cohort 1993 till 1996. From 2010 onwards girls (started 
with birth cohort 1997) are vaccinated with the bivalent HPV vaccine in the year 
they turn thirteen. The program started with a three-dose schedule given at 0,1 
and 6 months. Evaluation and monitoring of the three-dose schedule is described 
in Part I of this thesis.

Table 6. The seven criteria of the Health Council to implement vaccine strategies into the National 
Immunization Program in the Netherlands. [81]

Seriousness and burden of the disease
1. The infectious disease leads to a substantial disease burden in the population. 
 - The infectious disease is serious for individuals.
 - The infectious disease (has the potential to) influence(s) a large group of people. 

Efficacy and safety of the vaccine
2. Vaccination leads to a substantial reduction of burden in the population. 
 - The vaccine is effective in the prevention of disease or reduction of symptoms. 
 -  The required vaccination coverage can be attained (if the goal is eradication or herd 

immunity). 
3.  (Possible) adverse events of the vaccine do not have a large influence on the public health 

impact. 
Acceptability of the vaccine

4.  The burden of the vaccination for an individual is in balance with the benefits for the 
individual and the total population. 

5.  The burden of the total vaccination program for an individual is in balance with the 
benefits for the individual and the total population. 

Efficiency of the vaccination
6.  The relation between costs and health benefits is good in relation to other measures to 

limit the burden of disease.
Priority of vaccination

7. A (potential) urgent public health impact is covered by the choice of this vaccination. 

In January 2014, based on recommendations of the European Medicines Agency 
(EMA) the Dutch Minister decided to change the HPV vaccination within the Dutch 
NIP to a two-dose schedule (0,6 months) effective immediately. This means that girls 
born from 2001 onwards were eligible for the two-dose schedule. Evaluation and 
monitoring of this two-dose schedule is described in detail in Part II of this thesis. 
Girls in the Netherlands are vaccinated by the municipal health services by mass 
vaccination. Coverage increased during the first years of the program. Unfortunately 
for birth cohort 2002 the uptake of the HPV vaccine declined, which might be related 
to negative media attention at that time.(Figure 5) 
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Figure 5. HPV vaccination coverage by birth cohort in the Netherlands.

MONITORING OF THE DUTCH NATIONAL 
IMMUNIZATION PROGRAM

The Dutch HC advised for additional research and close monitoring alongside the 
introduction of the HPV vaccine in the Dutch NIP. Besides monitoring of the HPV 
vaccination, the Centre for Infectious Disease Control of the National Institute for 
Public Health and the Environment (RIVM) is responsible for a broad evaluation 
and monitoring of the Dutch NIP to optimize the program. This evaluation in the 
Netherlands is focused in five pillars, which are described in more detail below 
(Figure 6). This thesis includes several studies with the purpose of the monitoring 
the HPV vaccination in the Netherlands and include mainly the areas on disease 
surveillance (i.e. through intermediate endpoints) and immunosurveillance.[83] 

Figure 6. Monitoring of Dutch NIP. [83]

48964 Robine Rasker-Donken.indd   27 28-01-18   12:56



Chapter 1

28

Area 1: Surveillance of vaccination uptake 
In the Netherlands yearly the vaccination coverage is examined (Figure 5) and 
described thoroughly. Additionally several studies have been undertaken to get 
more in depth insight in vaccine acceptance and specific differences between 
vaccinated and unvaccinated groups.[84-89] 

Area 2: Surveillance of adverse events
Mainly surveillance of adverse events is performed by the Dutch centre for adverse 
events LAREB. In case of a specific signal (for example through LAREB or based 
on literature) the RIVM performs additional research. Although local reactions 
and systemic adverse events occur commonly after HPV vaccination, most are 
mild and transient of nature.[90] Till date no severe side effects of the HPV vaccine 
were found.[91] Examples of notifications after HPV vaccination that have led to 
additional research are migraine and chronic fatigue syndrome. In the Netherlands a 
specific study on a possible association between chronic fatigue syndrome and HPV 
vaccination is ongoing.  Hence, in the UK and Norway no association was found.[92, 
93] For migraine, no association with HPV vaccination was found.[94]

Area 3: Disease surveillance
This pillar focusses on monitoring of the disease or infection prevalence, mainly 
to study the effectiveness of the vaccine. Additionally this could also help to get 
insight into possible indirect effects of the vaccine, as herd protection. Ideally 
effectiveness of the HPV vaccine against cervical cancer would be shown. However, 
as the onset between HPV infection and the cancer endpoint is long, the WHO 
IARC established intermediate endpoints for the evaluation of the HPV vaccines. 
As described above, these include persistent infections of 6 months or longer, and 
(pre)cancerous lesions.[59] Data on the vaccine effectiveness against incident 
and persistent infections of the bivalent vaccine in the Netherlands is shown in 
Chapter 2. At this time for the Netherlands no data on impact against precursor 
lesions is yet available given that screening of cervical cancers starts at 30 years of 
age. In 2023 the first women vaccinated through the catch-up campaign will be 
eligible for cervical cancer screening. 

To test for HPV infections (prevalence, incidence, persistence and clearance) one can 
test for the presence of HPV DNA. Most assays target for HPV DNA by polymerase 
chain reaction (PCR) using primers of the L1 region or E6/E7. In clinical settings 
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it is of importance to detect the HPV infections associated with CIN2, CIN3 and 
cervical cancer, in order to limit the number of unnecessary referrals and treatment. 
Assays that are validated for clinical use are described in an overview by Arbyn et 
al.[95] These are the Onclarity (BD, Burlington, NC), HPV-Risk Assay (Self-Screen 
BV, Amsterdam, the Netherlands), Hybrid Capture II (Qiagen, Hilden, Germany), 
GP5+/6+-PCR (Labo Biomedical Products, Rijswijk, the Netherlands), Cobas 4800 
(Roche Molecular Diagnostics, Pleasanton, USA), RealTime PCR (Abbott, Illinois, 
USA), qPCR (RIATOL, Antwerp, Belgium) and PapillocheckR (Greiner Bio-One, 
Frickenhausen, Germany).[96-101] For evaluation studies of the HPV vaccination 
program an assay with a high analytical sensitivity (and lower detection limit) is 
essential, as the interest is in any HPV detection.[102] For the analyses reported in 
this thesis the SPF10-PCR-DEIA/LIPA25 system was used. This reverse line blot assay 
is able to detect 25 different genotypes. These include the following hrHPV types: 
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59.[103]
  
Area 4: Pathogen surveillance
Pathogen surveillance focusses on possible changes in occurrence of the pathogen 
after or during the vaccination that might impact public health. An example of 
a change in pathogen after vaccination is pneumococcal disease, where after 
introduction of the vaccine an increase (type replacement) in non-vaccine 
types was observed.[104] With regard to the HPV vaccine, after bivalent HPV 
vaccination in the Netherlands a lower viral load for vaccine types HPV16/18 has 
been found among vaccinated women (three-doses) compared to unvaccinated. 
This reduction might explain the lower occurrence of incident and persistent 
HPV16 and HPV18 infections among vaccinated individuals.[105] 

Area 5: Immunosurveillance
The evaluation of antibody responses can give an indication of past HPV 
exposure and vaccination.[106] The reference standard for HPV serology is the 
pseudovirion-based neutralization assay (PBNA). This assay measures the total 
amount of HPV neutralizing antibodies. As this PBNA is very labor intensive, 
for large seroepidemiological studies mostly other assays are used. Alternatives 
are the competitive luminex immunoassay (cLIA), which measures high-affinity 
antibodies which are mainly directed against one epitope, the in situ-purified 
gluthatione-S-transferase-L1 fusion protein based multiplex immunoassay 
(GST-L1 MIA) and the VLP-MIA, which are both able to detect neutralizing and 
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non-neutralizing antibodies.[107-109] Th e production of high-avidity antibodies 
is associated with memory responses. HPV antibody avidity can be assessed by a 
modifi cation of the VLP-MIA.[110]  

AIM OF THIS THESIS

As mentioned previously, the HC advised for additional research and close 
monitoring alongside the introduction of the HPV vaccine in the Netherlands.[81] 
Several studies and research activities in the Netherlands have been performed 
or are ongoing with this purpose. An overview of monitoring studies in the 
Netherlands, which are included in this thesis, is given in Figure 7. Th e HAVANA 
cohort study aims to estimate the vaccine eff ectiveness against persistent HPV 
infections, in particular by HPV16 and HPV18 among girls born in 1993 and 1994, 
who were eligible for vaccination through the catch-up campaign in 2009/2010. 
Th e cross-sectional HPV2D study examines the immunogenicity among two- and 
three-dose vaccinated girls born in 1997-2000 up to 4 ½ years post-vaccination. 
Th e HPV2D cohort study included girls born in 2001, who were the fi rst to be 
eligible for a two-dose HPV vaccination schedule in 2014 and examines the 
immunogenicity (humoral and cellular immunity) over time among vaccinated 
girls. Th e Groningen cohort examined sexual risk behaviour and knowledge up 
to four years aft er vaccination with regard to HPV vaccination among vaccinated 
and unvaccinated girls born in 1993.  

Birth	cohort 1994 1995 1996 1997 1998 1999 2000 2002 2003 2004
Calendar	year

2009 					3x 					3x 		3x 		3x
16 15 14 13 12 11 10 9 7 6 5

2010 3x
17 16 15 14 13 12 11 10 8 7 6 HAVANA

2011 3x HPV2D	(cross-sectional)
18 17 16 15 14 13 12 11 9 8 7 HPV2D	(cohort)

2012 3x Groningen
19 18 17 16 15 14 13 12 10 9 8

2013 3x
20 19 18 17 16 15 14 13 11 10 9

2014 2x
21 20 19 18 17 16 15 14 13 12 11 10

2015 2x
22 21 20 19 18 17 16 15 14 13 12 11

2016 2x
23 22 21 20 19 18 17 16 15 14 13 12

2017 2x
24 23 22 21 20 19 18 17 16 15 14 13

12

1993 2001

8

9

10

11

2x

Figure 7. Overview of studies included in this thesis in relation to moment of vaccination and age.
Numbers indicate age of complete birth cohort at 31st of December of the calendar year. 

  Indicates moment birth cohort was eligible for HPV vaccination.
Except the HPV2D cohort, all studies included both vaccinated and unvaccinated individuals.
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CONTENTS OF THIS THESIS

Part I: Eff ects of HPV vaccination from a monitoring perspective
An early indicator for vaccine eff ectiveness of the HPV vaccine is the presence 
of HPV infections in women eligible for vaccination. Chapter 2 reports on the 
vaccine eff ectiveness against incident and persistent infection up to six years post-
vaccination among a cohort of women (HAVANA) eligible for the HPV vaccination 
catch-up campaign in the Netherlands. 

At the implementation phase of the HPV vaccine in several countries fears were 
raised that HPV vaccination might infl uence sexual behaviour. In Chapter 3 we 
explored the (changes in) risk behaviour and knowledge among vaccinated and 
unvaccinated girls from the Groningen cohort up to four years aft er being off ered 
the HPV vaccine. 

Part II: Monitoring the introduction of the two-dose HPV vaccination schedule
In 2014 a two-dose HPV vaccination schedule (0,6 months) was implemented in 
the NIP, replacing the three-dose schedule (0,1,6 months). Th is part of the thesis 
describes monitoring studies with regard to this schedule change. In Chapter 4, 
evidence available at the time of implementation of the two-dose schedule for the 
bivalent and quadrivalent vaccine is systematically reviewed. Chapter 5 focusses 
specifi cally on possible diff erences in antibody concentrations and avidity within 
girls (birth cohorts 1997-2000) from the Netherlands receiving either two- or three-
doses of the bivalent HPV vaccine up to 4 ½ years post-vaccination (HPV2D). 
Chapter 6 describes the antibody kinetics and avidity at approximately seven, 
twelve and twenty-four months aft er the fi rst dose in girls born in 2001 (HPV2D), 
who were the fi rst to be routinely vaccinated with the two-dose schedule. In 
Chapter 7, we reviewed available immunogenicity data and eff ectiveness data of 
the two-dose schedule in pre-adolescent girls worldwide. Additionally we explored 
the literature with regard to impact of the two-dose schedule on transmission and 
from a cost-eff ectiveness perspective. 

Part III: Methodological challenges in monitoring (HPV) vaccination
Th e monitoring of vaccines, in particular the HPV vaccine comes with several 
challenges. Part III of this thesis focusses on some of the methodological issues 
encountered in the monitoring process of the HPV vaccination. In Chapter 8 we 
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studied the use of the non-inferiority margin in vaccine trials. For vaccine trials 
clear guidance on which margin to use or how to determine this is lacking at 
the moment. Chapter 9 explores different statistical approaches to evaluate the 
vaccine effectiveness against persistent infections and applied these to data of a 
Dutch cohort study. 

Part IV: Future perspective
Till date, many economic evaluations regarding HPV vaccination have been 
performed. However, most of these focused primarily on the prevention of cervical 
disease. In Chapter 10 we evaluated the influence of incorporating the effects of 
non-cervical diseases in cost-effectiveness evaluation of HPV vaccination. In 
Chapter 11, we also discuss the current Dutch approach and alternative strategies. 
Given the decline in uptake in the Netherlands, action is needed. We also discuss 
further reduction of HPV vaccine doses. The current and future situation and 
challenges of the Dutch monitoring system for HPV vaccination will be discussed. 
Finally, we focus on the changing landscape of HPV vaccination. 
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