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Chapter 1

1

Genital infection with human papillomavirus (HPV) is the most common sexually transmitted infection 
worldwide. It is assumed that over 80% of all sexually active persons will be infected with HPV at least once 
in their lives. Most HPV infections pass by unobserved. However, persistent infection with HPV can progress 
to the development of various anogenital cancers, including cervical cancer, the third most common cancer 
in women worldwide. The development of cervical cancer takes 15-25 years and the peak prevalence of cervi-
cal cancer is between 35-55 years of age. Despite the recognised success of cervical screening by cytology in  
reducing the incidence and mortality of cervical cancer, there are still an estimated 650-700 females diag-
nosed with, and 200-250 deaths from cervical cancer in the Netherlands each year. Since 2006/2007, two pro-
phylactic vaccines are registered. Both vaccines contain the two most common oncogenic HPV genotypes, 
HPV16 and HPV18, which have the potential to prevent about 70% of all cervical cancers. Following advice 
from the Dutch Health Council to introduce one of the prophylactic vaccines, the bivalent vaccine (Cervarix) 
was introduced in the National Immunisation Program in the Netherlands since 2010 for girls aged 12, with 
the specific aim to prevent cervical cancer. In 2009, a catch-up was implemented for girls aged 13-16. In addi-
tion to this implementation the Dutch Health Council advised close monitoring of the vaccination program 
and to perform flanking research. This thesis covers HPV monitoring- and research data of the pre- and 
early post-vaccination (until 3 years) period.
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1. CERVICAL CANCER
 
Cervical cancer is estimated to be the third most common female cancer worldwide, resulting in 530,000 
cases and 275,000 deaths in 2008. In the same year, in terms of prevalence, there were an estimated 1.6 mil-
lion women older than 15 years, with a diagnosis of cervical cancer made in the previous 5 years. In terms of 
global indicators, cervical cancer was the cause of an estimated 7.8 million years of life lost (YLL) in women, 
third after breast and lung cancer [1,2]. 

The age-standardised incidence rates vary greatly worldwide, with >34 cases per 100,000 in Eastern Africa, 
compared to <7 per 100,000 in Western Europe (Figure 1) [1]. The lower incidence rates in developed coun-
tries can be partly explained by the introduction of well-organised cervical screening programs since the 
1970s. Further improved sexual hygiene after the second world war might also have contribute to this re-
duction [3,4].
 In the Netherlands, the incidence rate of cervical cancer decreased from 11.8 per 100,000 cases to 8.2 per 
100,000 cases between 1988 and 2000 [5]. Even more important the mortality rate decreased from 7.9 in 1970 
to 1.9 in 2007 [6]. Although women in the Netherlands only have a 0.46% chance to develop cancer before 
the age of 75 [7],  there are still an estimated 650-700 women diagnosed with, and 200-250 deaths from cer-
vical cancer in the Netherlands per year (www.ikcnet.nl).

2. HUMAN PAPILLOMAVIRUS AND CERVICAL CANCER 

HPV DNA prevalence and cervical cancer
The primary cause of cervical cancer is a persistent infection of the cervical epithelium with one of the high 
risk types of human papillomavirus (hrHPV). HPV infections are very common in sexually active young 
women. The lifetime risk to ever contract an HPV infection is estimated to be 80% [8]. In a meta-analysis 
covering the period 1995-2009 and including over >1.000.000 women, the global prevalence of any HPV in-
fection was estimated to be 12%, with higher rates in sub- Saharan Africa (24%), Eastern Europe (21%) and 
Latin America (16%) [9]. Although geographical differences exist, the five most prevalent hrHPV types 
worldwide, in women with normal cytology are HPV16, -18, -52, -31 and -58. 
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Figure 1. World standard cervical cancer incidence and mortality rates (per 100,000) by world region in 2008. Adapted from 
Ferlay et al. 2010 [1]. It should be noted that in some regions cancer registry is not accurate, resulting in low incidence rates with 
very high mortality rates.



 13

Chapter 1

1

HPV prevalence increases in women with cervical pathology, reaching >90% in women with grade 3 cervi-
cal intraepithelial neoplasia (CIN3) and invasive cervical cancer (ICC) [10]. However, this increase is not 
similar for all HPV types. Compared to the HPV distribution in normal cytology, a greater proportion of 
HPV16, -18 and -45 was found in ICC (Figure 2a) [11]. The opposite is seen for the other hrHPV types  
(Figure 2b). The two most common hrHPV types in ICC are HPV16 and -18. They are responsible for ~70% 
of cervical cancers worldwide [12].
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Figure 2. Prevalence of  human papillomavirus (HPV) types a) -16,-18, -45 and  b)  31,-33,-35,-39,-51,-52,-56,-58,-59,  as a 
proportion of HPV-positive samples by cervical intraepithelial neoplasia (CIN) grade 1,2,3 and invasive cervical cancer (ICC). 
Adapted from Guan et al. 2012 [13]. 

 
Figure 2a.

 
Figure 2b.



 14

Monitoring HPV vaccination | General Introduction

Other HPV-related cancers
In addition to cervical cancer, hrHPV is also associated with a proportion of anogenital cancers and head- 
and neck tumours; about 88% of anal cancers, ~50% of penile cancers, ~70% of vaginal cancers, ~43% of vul-
var cancers and ~26% of oropharyngeal cancers [14,15]. In 2008, hrHPV was estimated to account for up to 
78,000 cases of noncervical HPV-related cancers worldwide, including 24,000 anal cancers, 22,000 oropha-
ryngeal cancers, 11,000 penile cancers, 12,000 vulvar cancers and 9000 vaginal cancers [10,16].

Diversity of HPV types 
Papillomaviruses are a diverse group of viruses that have been found in more than 20 different mammalian 
species, as well as in birds and reptiles [17]. In humans, more than 150 papillomaviruses (HPV) have been 
identified [18]. The HPV types found in humans are classified phylogenetically into five genera based on 
DNA sequence analysis, with different types having different disease associations and life-cycle characteris-
tics [18,19] The largest group of HPVs comprises the Alpha papillomaviruses. More than 40 of these Alpha 
HPV types are known to infect cervical epithelium. These types can be divided into low-risk HPV types, 
associated with genital warts and non-progressing low-grade cervical intraepithelial neoplasia (CIN and 
part of CIN2), and high-risk types associated with high-grade CIN lesions (part of CIN2 and CIN3 lesions) 
and cervical cancer.  HPV types 16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and -59 are defined by the 
International Agency of Research on Cancer (IARC) as high-risk cancer causing types, with two additional 
types (HPV68,-73) being recognised as ‘possibly’ cancer causing [20]. 

Viral Life cycle and transforming HPV infections
HPV is thought to require a minor abrasion or break in the epithelial covering, in order to infect the basal 
cells of the epithelium. In most cases, these transient HPV infections are resolved as a result of a combined 
cell-mediated/innate immune response. About 20% of the women do not clear their hrHPV infection and 
develop a productive infection (Figure 3). In that case, mild to moderate cervical intraepithelial neoplasia 
grade 1 or 2 (CIN1/part of CIN2) can develop. The virus uses the machinery of the cell to produce thousands 
of viral genomes. Subsequently, they are enveloped and exit the cell as infectious virus particles in the top 
layers of the epithelium [21]. In about 3-5% of these cases, when the HPV infection persists the productive 
infection becomes a transforming infection leading to genetic instability and additional (epi)genetic 
changes. This results into additional morphological epithelial changes, leading to the most advanced pre-
cursor lesion for cervical cancer termed CIN3 [22-24]. The development of CIN3 takes approximately 3-5 
years. About 30% of CIN3 lesions progress to cancer when left untreated [25]. This process is not well under-
stood but is usually accompanied by genomic loss and integration of the virus in the cellular genome. In a 
recent modelling process the median time from CIN2/3 to cancer was estimated to be 23.5 years (95% confi-
dence interval: 20.8- 26.6). HPV16-positive lesions progress to cancer more quickly than HPV16-negative le-
sions [26].
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Figure 3. Major steps in cervical carcinogenesis. Adapted from Snijders et al. 2006 [27]
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HPV DNA detection methods
Since papillomaviruses cannot be grown in tissue culture, the detection method most widely used is based 
on the presence of HPV DNA or RNA in vaginal/cervical smears and tissues. Most assays target HPV DNA 
by polymerase chain reaction (PCR) using primers from the L1 region or a signal amplification assay 
(Hybrid capture 2, hc2). HPV DNA status provides direct evidence of current viral infection, but cannot re-
liably measure cumulative HPV exposure. For clinical purposes it is important that not transient HPV in-
fections but only HPV infections mainly associated with CIN2, CIN3 and CxCa (CIN2+) are detected [28]. 
Otherwise many women enter the medical diagnostic circuit having no relevant disease. For this purpose 
HPV tests should be clinically validated either by longitudinal screening trials or by equivalence testing 
with a clinically validated test [29]. Validated tests are hybrid capture II (hc2) [30], GP5+/6+-PCR [31], 
cobas® 4800, [Roche Molecular Systems Inc., Alameda, CA, USA], RealTime PCR [Abbott Molecular, Des 
Plaines, Il, USA] and Papillocheck® [Greiner Bio-One, Frickenhausen, Germany] [32,33]. 
 For epidemiological purposes (this thesis) HPV assays with a high analytical sensitivity can be used, 
such as the SPF10 [34,35], because for this purpose any sign of an HPV infection is relevant, and not just the 
prevalence of disease (CIN lesions and cancer).  

Serological detection methods
Several assays have been developed to monitor antibody responses after HPV infection and vaccination. A 
serological response as measured by the IgG type of antibody gives an indication of lifetime cumulative 
HPV exposure and past HPV infections. The pseudovirion-based neutralization assay (PBNA) is the golden 
standard in HPV serology, because it measures the total amount of neutralizing HPV antibodies. However, 
this assay is labour intensive, complicated, and is therefore difficult to use in large seroepidemiological  
studies. Most studies rely on alternatives of the PBMA. Other alternative HPV tests are enzyme-linked im-
munosorbent assay (ELISA), competitive luminex immunoassay (cLIA), the in situ-purified gluthathione-S-
transferase L1 fusion protein based multiplex immunoassay (GST-L1 MIA) and the VLP-MIA [36-39]. In this 
thesis, the VLP-MIA is used. This assay measures both antibodies against conformational and linear 
epitopes, and is suitable for use in large epidemiological surveys. Several studies have shown a good correla-
tion between the PBMA and the VLP-ELISA [40,41] and between the VLP-MIA and the VLP-ELISA [42]. 

3. PREVENTION OF CERVICAL CANCER

Three types of cervical cancer prevention exist: primary, secondary and tertiary prevention. Primary pre-
vention is defined as an intervention for healthy women targeting the exposure for the disease. An example 
is prophylactic vaccination. Secondary prevention refers to an intervention in women with subclinical, non-
symptomatic disease. Population-based cervical cancer screening with treatment of the detected disease 
phase is an example of secondary prevention. Tertiary prevention is an intervention in women with clinical 
disease and is used to decrease the burden of disease. This refers to the diagnosis and treatment of women 
with symptomatic cervical cancer. 

Cervical cancer screening 
Cervical cancer screening programs are in place in almost all European countries, as a secondary preven-
tion method. Currently, cervical cytology screening (Pap smear) is used in these programs. Pap test screen-
ing enables the early identification of cytological changes. 
 There is large variation in the organisation of screening. In the Netherlands, the National Cervical 
Screening Program (NCSP) exists since 1976. Currently, the NCSP provides organised cervical cytology 
screening every five years, for women aged 30-60. In 2005, 65% of women attended the cervical screening 
program [43]. Together with opportunistic screening, the overall coverage for cervical screening amounted 
to 77% [44]. It was decided by the Dutch ministry of Health that from 2016 onwards, the cervical screening 
program will be converted from cytology to HPV testing as a primary screening tool [45]. hrHPV DNA 
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testing provides 50% better protection against high-grade lesions and 60-70% better protection against 
cancer compared to cytology [46-48] and therefore is a better prevention tool against cervical cancer. 

HPV vaccination 
Primary prevention of cervical cancer is now possible by prophylactic vaccination. Two prophylactic vac-
cines are registered since 2006/2007; a quadrivalent vaccine that protects primarily against HPV16, -18, -6 
and -11 (Gardasil®) and a bivalent vaccine that protects primarily against HPV16 and -18 (Cervarix®). The 
vaccines are indicated for women who are HPV DNA naïve, thus prior to sexual debut. Results from the 
two phase III trials on the vaccine efficacy of the bivalent and quadrivalent vaccine (PATRICIA and 
FUTURE I and II studies respectively) that assessed the incidence of HPV16/18 infection (bivalent) and 
HPV6/11/16/18 infection (quadrivalent) in HPV naïve participants was around 90-100% for both vaccines 
[49-51]. 
 More importantly, the vaccine efficacy against HPV16/18 associated CIN2, CIN3 and adenocarcinoma 
in situ (AIS) was also high; 99%, 100% and 100% (bivalent vaccine) and 100%, 97% and 97% (quadrivalent 
vaccine), respectively. In addition, according to a recent meta-analysis on the cross-protection of prophy-
lactic vaccines, both vaccines have shown to have cross-protective potential against nonvaccine HPV 
types 31,-33, and -45 [52]. 

Mechanism of protection
Both HPV vaccines contain the major structural L1 gene of at least HPV types 16 and -18, assembled into 
noninfectious VLPs. HPV VLP vaccines induce high concentrations of neutralising antibodies to L1. 
Virtually all subjects in the vaccine trials have seroconverted [53,54]. HPV VLP vaccines are delivered in-
tramuscularly, resulting in rapid access to the local lymph nodes. In this way circumventing the immune 
avoidance strategies of the virus. Currently, two mechanisms are proposed about the mechanism of pro-
tection elicited by VLPs: 1) high levels of antibodies result in an immunoglobulin coated HPV capsid, 
which prevents interaction of the capsid with the cell surface, 2) a lower antibody level allows the capsid 
to associate with the cell surface but prevents the conformational changes required for virus entry [55,56].

Future HPV vaccines 
Although at present the bivalent and quadrivalent vaccines are implemented in many countries, new vac-
cines are either developed, or in phase 3 studies. Currently a 9-valent HPV-L1-VLP vaccine (V503) con-
taining the HPV types  -6, -11, -16, -18, -31,-33, -45, -52, -58 has been developed by Merck and is being 
tested in clinical trials [57]. Recent data have shown that this new 9-valent HPV vaccine prevented 97% of 
cervical, vaginal and vulvar pre-cancers caused by these five additional HPV types. The vaccine is safe 
and performs non-inferior to the quadrivalent HPV vaccine [57]. In addition, a new HPV vaccine against 
the HPV L2 protein is in the experimental phase with promising results. This vaccine shows broad pro-
tection over different HPV types [58].

HPV vaccination programs in Europe
Until now, 19 out of 29 countries in the European Union (EU)/European Economic Area (EEA) have im-
plemented a routine HPV vaccination program. In addition, 10 countries have introduced a catch-up 
campaign, with the aim to accelerate the impact of the vaccination program and increase vaccination 
benefits in the short term [59]. Except for Austria, vaccination is only introduced for girls. In most coun-
tries, vaccination programs are financed by the national health systems. Recommendations for the age of 
vaccination are diverse, ranging from 9 to 18 years. For catch-up rounds (older girls and young women at 
the start of a routine vaccination program), the age ranges from 12 to 40 years. The public health and 
school health services are the most common infrastructure used in the EU/EEA for vaccine delivery. 
Vaccine coverage (full three-dose) rates, where data are available, range from 17–84% and are generally 
lower in comparison to uptake of other childhood diseases targeted through the National Immunisation 
Program (NIP) [2]. In 2010, out of seven countries for which data were available, only Portugal and the 
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United Kingdom had vaccination coverage rates of ≥80%; Denmark and Italy ranged from 50–60%; France, 
Luxembourg and Norway had rates of ≤30%. The same applied to catch-up coverage, which ranged from 
29–73% [59]. 
 In the Netherlands HPV vaccination with the bivalent vaccine (Cervarix) was introduced in the NIP 
since 2010 for girls aged 12, alongside with a catch-up campaign for girls aged 13-16 in 2009. This age group 
was chosen because it is just before sexual activity, and subsequently HPV infections. A catch-up program 
was implemented to increase vaccination benefits in the short term. Vaccination is given in the municipal-
ity of the girl in a mass vaccination setting. Coverage in the first year was 56% (birth cohort 1997), and in-
creased to 58% (birth cohort 1998). The coverage of the catch-up vaccination was on average 52% (birth 
cohort 1993: 49%; 1994: 53%; 1995: 54%; 1996: 54%) [2]. 

Rationale for introduction of HPV vaccination into the National Immunisation Program
The recommendations of the Health Council to introduce HPV vaccination were based on seven criteria to 
evaluate changes in the NIP (Table 1) (www.gr.nl) [60]. In 2011, the Health Council judged that cervical can-
cer was a serious public health problem, i.e. meeting the first criterion. The second criterion, that vaccina-
tion should be an effective means of preventing the relevant disease, was more difficult to judge since 
demonstration of prevention of cancer will take at least 20 years. Therefore, it was accepted to take a surro-
gate marker as an endpoint; i.e. that it is reasonable to assume that the high vaccine effectiveness against 
precancerous conditions (CIN2/3) will ultimately lead to less cervical cancer. With regard to safety, the 
third assessment criterion, there was currently no reason to suppose that the vaccine has any adverse events 
that would prevent its inclusion in the NIP, although long-term safety should be watched over. The fourth 
and fifth assessment criteria, which relate to the acceptability of the vaccination, were met, because HPV 
vaccination does not represent a disproportionate burden on the target group. Assessment of HPV vaccina-
tion against the sixth criterion, that vaccination should be an efficient means of preventing the target dis-
ease was weighted against the successful prevention already made through cervical cancer screening. It was 
expected that supplying HPV vaccination to girls aged 12, in combination with screening, will in due time 
prevent several hundred more cases of cervical cancer on an annual basis, and about a hundred deaths. 
Hence, the introduction of this vaccination may be regarded as urgently needed, the seventh and final as-
sessment criterion. No other form of vaccination under consideration for inclusion in the NIP was capable 
of having such a marked effect on mortality.
 The Health council decided that the potential health gain of vaccination should not be withheld from 
women, despite some uncertainties mentioned above, and advised to introduce the HPV vaccination in the 
NIP. Subsequently, the minister of Health decided to introduce HPV vaccination into the NIP. 

Surrogate endpoints to measure the impact of HPV vaccination
As stated previously, it should be noted that HPV vaccination is different from most other  
vaccine-preventable diseases, because the actual disease caused by the virus (i.e. cancer) takes place >20 
years after being infected with HPV. In the efficacy trials, high-grade cervical lesions (CIN2, CIN3 and ade-
nocarcinoma in situ (AIS)) have been used as an endpoint to establish the efficacy of the vaccines to prevent 
cervical cancer as a surrogate for invasive cancer itself. As these lesions are recognised as cervical cancer 
precursors, it would be unethical not to treat them. Moreover, randomized trials with invasive cancer as an 
endpoint would take several decades before the efficacy could be assessed [61]. Since such long intervals are 
not acceptable for monitoring the effect of vaccination, the short-term impact of vaccination (<5 years) is 
studied in this thesis, by measuring the variation in type-specific HPV (preferably) persistent infections in 
populations of young sexually active women and adolescents. 

Aim of this thesis 
Alongside the decision to introduce HPV vaccination in the National Immunisation Program, the Health 
council emphasized the need for flanking monitoring and research. The Centre for infectious diseases (Cib) 
of the National Institute for Public Health and the Environment (RIVM) is responsible for the evaluation of 
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vaccine-preventable diseases. In general, methods to evaluate a vaccination program include: 1) Monitoring 
the occurrence of the vaccine-preventable disease (or the occurrence of vaccine type-specific infection as a 
surrogate endpoint), to obtain insight how successful vaccination is in reduction of the target disease/infec-
tion 2) Pathogen diversity - i.e. are there indications of changes in the pathogen(s) after or as a result of rou-
tine vaccination that impacts public health? 3) Seroepidemiology - i.e. how well is the population protected 
against the target disease and are changes expected as a result of changes in infectious disease dynamics 
after routine vaccination? 4) Insight into vaccination uptake, and 5) Surveillance of safety. 
 This thesis includes the first results of monitoring and research activities for the HPV vaccination. 
Surveillance of safety has been studied elsewhere [62,63]. In the first part of this thesis pre-vaccination data 
is described and in the second part early post-vaccination data.

PART 1: pre-vaccination data
It is well known that geographical differences exist in the prevalence of HPV infections. Knowledge of the 
prevalence of type-specific HPV infections in the Netherlands is needed, for  measuring future changes in 
HPV types due to introduction of the vaccine. Therefore, in Chapter 2 and 3 we describe the occurrence of 
HPV DNA infections among unvaccinated women in the Netherlands, prior to vaccination. The HPV 
type-specific frequency of infection was measured in a one-year follow-up study among women (16 to 29 
years) participating in a Chlamydia screening implementation program (CSI-study), and in a longitudinal 
cohort study among young girls (15 years at baseline) eligible for catch-up vaccination (HAVANA-study). 
Besides HPV DNA infections, which are markers for current HPV exposure, seroepidemiological data are 
used to obtain insight into lifetime cumulative HPV exposure and past HPV infections. In Chapter 4 we 
review in what way seroepidemiologial HPV data can be used as a monitoring tool, once HPV vaccination 
is introduced. This is followed by Chapter 5 and 6, in which we describe the seroepidemiological HPV 
type-specific data before introduction of the HPV16/18 L1 VLP vaccine in two large scaled population-
based studies (PIENTER1- and PIENTER2-studies) in the general Dutch population (1995/6 and in 2006/7 
– 0-79 year-olds). To end the seroepidemiology part, Chapter 7 sheds light on serological responses at dif-
ferent anatomical sites in a cross-sectional analysis (H2M study) among men who have sex with men 
(MSM). 
 Finally we finish this part of pre-vaccination data, with a study on the possibility of type replacement of 
HPV16/18, by types not included in the vaccine. Experience with other vaccines, such as the streptococcal 
pneumonia vaccine, suggests that this opportunity may arise if vaccine-associated  HPV types  interact an-
tagonistically with non-vaccine HPV types, e.g. through competition for limited resources or through 
cross-reactive natural immunity. In Chapter 8, we investigated how such conditions affect the joint preva-
lence of oncogenic types in endemic equilibrium, i.e. prior to introduction of the vaccine in three cross-
sectional studies in the Netherlands among women aged 16-24 with varying background infection risk.

PART II: early post-vaccination data
The second part consists of three Chapters from the early post-vaccination era, which focuses on early vac-
cination effects. Monitoring type-specific HPV infections in women eligible for vaccination is relevant as 
an early indicator of the impact of vaccination. If vaccine effectiveness were to wane, infection outcomes 
would be the first to show the drop of protection. Therefore, in Chapter 9 we focus on the early vaccine ef-
fectiveness against incident and persistent HPV DNA infections in a longitudinal cohort study of young 
girls, representative for the general population (HAVANA-study). In addition, in Chapter 10 we present 
data on mucosal and systemic antibodies after HPV vaccination in the same study population to find pos-
sible immune mechanisms of protection. In Chapter 11 we describe the influence of sexual behaviour, 
knowledge of the disease and demographics on HPV vaccination coverage. In Chapter 12 we summarise 
and shortly discuss the results as described in this thesis in light of monitoring the present Dutch HPV 
vaccination program.
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ABSTRACT

Introduction: Monitoring the prevalence of type-specific HPV-DNA infections before and shortly after in-
troduction of routine HPV vaccination offers the opportunity to evaluate early effects of the vaccination 
program. With this aim a cohort study was set up of 14-16 year old girls eligible for HPV vaccination in the 
Netherlands. Annually, HPV-DNA and antibody status in vaginal self- samples and in serum respectively, 
will be studied among vaccinated (58%) and unvaccinated girls (42%). Here we present baseline data on vag-
inal HPV-DNA status in relation to serum antibodies. 
Methods: The 1800 enrolled girls filled out an internet-based questionnaire and provided a vaginal self-
sample for genotype specific HPV-DNA detection using SPF10 PCR amplification and reverse line probe 
hybridization. Furthermore, 64% of the girls provided a blood sample for HPV antibody analysis. IgG anti-
bodies against virus-like particles were determined for 7 HPV genotypes.
Results: At baseline, type-specific HPV-DNA was detected in 4.4% (n=79) of the 1800 girls: 2.7% (n=49) 
concerned a high risk HPV type (hrHPV-DNA). The three most common types were HPV type 16, 18 and 51 
(40%). Out of the hrHPV-DNA positive girls, 32% was seropositive versus 12% in HPV-DNA negative girls 
(p<0.001). Risk factors independently associated with hrHPV-DNA infection among the sexually active 
girls were age >15 years vs. 14-15 years (OR=2.6 (1.2-5.9)), age of sexual debut < 14 vs. above 14 years (OR=3.0 
(1.1-8.2)), total number of lifetime partners above two vs. less than two partners (OR=3.2 (1.3-8.0)) and age of 
partner >17 vs. under 17 years (OR=4.2 (1.5-13.0)).
Conclusion: A low hrHPV-DNA prevalence was found in the adolescent girls. The observed versus ex-
pected age-related increase in HPV-DNA prevalence in this cohort in the coming years (with increased sex-
ual activity) will provide understanding of the effect of HPV vaccination. Furthermore, this cohort study 
will offer the opportunity to improve knowledge of antibody responses following natural infection and 
vaccination.
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INTRODUCTION

Genital infection with human papillomavirus (HPV) is the most common sexually transmitted infection 
(STI) in the world and is a necessary cause for cervical cancer [1]. Worldwide, approximately 529.000 
women are diagnosed with cervical cancer and about 274.000 die from the disease each year [2].  
 In 2006/2007, two prophylactic vaccines were registered against two of the most common oncogenic 
HPV genotypes; HPV 16 and 18. In clinical trials both vaccines have been shown to reduce persistent HPV 
infection and associated disease [3-6]. Like in many countries, HPV vaccination was incorporated into the 
national immunization program in the Netherlands. The bivalent HPV16/18 vaccination (Cervarix) was in-
troduced for 12 year old girls in 2010 with a catch-up campaign for 13-16 year olds in 2009. Because it will 
take a long time before the effect of HPV vaccination becomes apparent in the national cervical screening 
programme among 30-60 year old women, it is necessary to monitor the effectiveness of HPV vaccination 
in a different way. 
 The current paper describes the baseline prevalence of HPV-DNA and HPV antibodies amongst vacci-
nated and unvaccinated girls of 14-16 years old, prior to vaccination. Girls are followed annually to assess 
the impact of the HPV vaccination on the occurrence of transient and persistent HPV-DNA infections. In 
addition HPV antibodies are studied as a tool to investigate past exposure and persistent infection [7,8], al-
though this marker is imperfect and only 40-60% of women develop antibody responses after a natural in-
fection [9,10]. With type specific information on HPV-DNA and serology of the same girls we will be able to 
study the relationship of these parameters longitudinally.  

METHODS

Study population and procedures
Letters of invitation were mailed to a random sample of 9500 girls aged 14-16 years who were eligible for the 
national catch-up HPV vaccination. Each girl was asked to fill in a web-based questionnaire, to take a vagi-
nal self-sample and optionally a tampon. Blood was taken at a study site in the municipalities of the girls. 
The questionnaire contained information on socio-demographic characteristics, sexual history and smok-
ing habits. In the following years, information on changes in these characteristics over time will be col-
lected. All study participants and their parents signed an informed consent form in accordance with the 
recommendations of the ethical review committee of the VU University medical center, Amsterdam, which 
has approved the HAVANA cohort study (HPV Amongst Vaccinated And Non-vaccinated Adolescents). 
Vaccination status was based on data from the national vaccination registration system ‘Praeventis’, in 
which information at an individual level is available.
 In March 2009, one month before the start of the vaccination campaign, 1151 girls (12%) participated in 
the study.  In March 2010, an additional group of girls was invited (n=19662). These girls were eligible for 
HPV vaccination in April 2010 and did not previously receive vaccination. Of these girls 649 (3.3%) were in-
cluded (Figure 1). This extra group was included to be able to detect a vaccine effectiveness in 2013 in this 
cohort against persistent (HPV16/18) infection among vaccinated girls with at least 90% with probability 
(power) of 80% and precision of 5%.  Of this extra group a vaginal self- sample and a questionnaire was re-
quested but a blood sample and a tampon were not required.

HPV Testing

DNA detection The vaginal self-samples were obtained with a Viba brush, (Rovers), collected in 1 ml PBS 
and stored at -20 °C. The samples were analyzed by the SPF10-LiPA mediated PCR enzyme immunoassay 
method [11]. Total DNA was isolated from 200 μl of the suspension using the MagNa Pure LC isolation plat-
form (Roche Diagnostics, Almere, the Netherlands).  DNA was eluted in 100 μl of elution buffer of which  
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10 μl was used for amplification of HPV-DNA. Broad-spectrum HPV-DNA amplification was performed 
using the SPF10-LiPA system (SPF10 HPV LiPA, version 1; manufactured by Labo Bio-medical Products, 
Rijswijk, The Netherlands) as described previously [11,12]. Positive and negative controls to monitor DNA 
isolation and PCR amplification and HPV-genotyping were included. All vaginal samples were spiked with 
phocine herpes virus before DNA-isolation to ensure equal purification efficiency and the absence of inhibi-
tion during PCR amplification. Beta-actin PCR detection was performed to assure the presence of DNA in 
the samples. Over 99% of the 1122 samples that were tested for β-actin were PCR positive.
DNA typing The presence of HPV-amplicons were assessed by an HPV-DNA enzyme immunoassay 
(DEIA) [11,12]. Genotyping of the HPV-DEIA positive samples was performed by reverse hybridization in a 
line probe assay (LiPA).  Girls were regarded high risk HPV-DNA (hrHPV-DNA) positive if the SPF10 was 
positive for at least one of the following genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 or 59 [2]. Girls were 
considered positive for a non hrHPV-DNA type if they contained at least one of the following types: 6, 11, 
34, 40, 42, 43, 44, 53, 54, 66, 68, 70, 73 or 74 and no hrHPV-DNA type. Because DNA of several cutaneous 
HPV genotypes can also be amplified with the SPF10 primer set, it cannot be excluded that a considerable 
part of the only HPV-DEIA positive samples are positive due to cutaneous HPV, especially because self- 
sampling was performed without gloves. Therefore, we regarded samples that were positive in the HPV-
DEIA analysis but did not reveal a hybridization pattern (29% of all the samples) in the subsequent 
HPV-LiPA analysis as negative for genital HPV.
Serology HPV specific antibodies to HPV type 16, 18, 31, 33, 45, 52 and 58 were determined using a multiplex 
immunoassay (MIA). GSK (GlaxoSmithKline Biologicals, Rixensart, Belgium) kindly supplied the HPV 
VLPs. VLPs were coupled to seven distinct fluorescent microspheres through a carbodiimide coupling pro-
cedure that has been described elsewhere [13] with minor modifications in which Sulpho-NHS and EDC 
were dissolved in 0.5M NaH2PO4. The MIA was performed as described elsewhere [14] with modifications. 
Serumbuffer (PBS, 1% BSA, 0.2% Tween20 and 0.2% ProClin300) was used for prewetting MultiscreenHTS 
assay plates for washing procedures and sample dilutions. Bound HPV-specific antibodies in serum were 
detected using an R-PE labelled secondary antibody for IgG. HPV specific IgG antibodies were analyzed by 
using a Bioplex system 200 with Bioplex software (Bio-Rad Laboratories, Hercules, CA). For each analyte, 
median fluorescent intensity (MFI) was converted to Luminex Units/ml (LU/ml). Girls were assumed to be 
seropositive at the cut-off, based on a panel of highly likely negative children (1-10 years, n=859): 9, 13, 27, 11, 
19, 14, and 31 LU/ml for HPV16, 18, 31, 33, 45, 52, and 58, respectively.

Girls enrolled 2009
N = 1151/9500 (12%)

Received blood
N = 1149

Received tampon
N = 743

Received vaginal swap
N = 1800

Received vaginal swap
N = 1773

Extra inclusion 2010
N = 649/19662 (3.3%)

Figure 1. Schematic representation of study design. 
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Statistical analysis 
By univariate analysis the association between hrHPV-DNA infection and potential risk factors was tested 
amongst the sexually active girls, using crude odds ratio (OR). Sexual intercourse included vaginal and anal 
sex. A cut off of p<0.1 was used for variables in univariate analysis to enter in a multivariate model. In the 
multivariate analysis p<0.05 was used as a cut off for significance. Using backward selection adjusted OR 
were estimated. All statistical analyses were performed using the statistical package SAS 9.2.

P-value
N % N % N %

1800 (100) 1037 (58) 763 (42)
AnyHPV

No 1721 (96) 995 (96) 726 (95) 0.41
Yes 79 (4) 42 (4) 37 (5)

HrHPV
No 1751 (97) 1011 (97) 740 (97) 0.51
Yes 49 (3) 26 (3) 23 (3)

14 133 (8) 94 (9) 39 (5) 0.01
15 1231 (69) 695 (68) 536 (71)
16 408 (23) 233 (23) 175 (23)
Missing 28

Indigenous Dutch 1539 (87) 875 (86) 664 (89) 0.60
First generation western 58 (3) 38 (4) 20 (3)
First generation non-western 25 (1) 14 (1) 11 (1)
Second generation western 23 (1) 15 (1) 8 (1)
Second generation non-western 116 (7) 70 (7) 46 (6)
Missing 39

Low 317 (18) 190 (19) 127 (17) 0.44
Medium 457 (26) 253 (25) 204 (27)
High 985 (56) 567 (56) 418 (56)
Missing 41

>1500 895 (51) 600 (59) 295 (39) <0.01
<=1500 874 (49) 419 (41) 455 (61)
Missing 31

No 1191 (68) 690 (68) 501 (67) 0.55
Yes 569 (32) 321 (32) 248 (33)
Missing 40

No 1056 (60) 619 (61) 437 (59) 0.39
Pil 495 (28) 272 (27) 223 (30)
Other 207 (12) 120 (12) 87 (12)
Missing 42

No 1320 (75) 780 (77) 540 (72) 0.02
Yes 441 (25) 232 (23) 209 (28)
Missing 39

Unvaccinated
Demography
Total

VaccinatedTotal 

Age 

Etnicity

Education

Urbanization

Ever smoked

Anticonception

Ever had sex 
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< Table 1a. Socio-demographic characteristics of the study population (n=1800).

RESULTS

General characteristics
A total of 1800 girls were enrolled in the study in 2009 and 2010. During the study period 52% of the girls 
were vaccinated with 3 doses of the vaccine, 5% with 1 or 2 doses and 42% did not get vaccinated. In Table 1 
the distribution of demographics and other characteristics by vaccination status are shown. Girls who re-
ceived at least one vaccination did not differ systematically from the girls who received no vaccine for most 
characteristics that were studied. However, vaccinated girls were less likely to live in a city, less likely to have 
a partner, to be sexually active and were less likely to always use condoms. There was no significant differ-
ence in prevalence of anyHPV, hrHPV-DNA in girls who eventually received vaccination and girls who did 
not (Table 1a).

Table 1b. Sexual risk factors of the sexually active study population (n=441).

P-value
N % N % N %

<=13 383 (87) 199 (86) 184 (88) 0.48
>13 58 (13) 33 (14) 25 (12)
Missing 0

No 139 (32) 85 (37) 54 (26) 0.02
Yes 301 (68) 147 (63) 154 (74)
Missing 1

<= 6 months 73 (25) 38 (27) 35 (24) 0.28
7-12 months 85 (29) 46 (32) 39 (26)
>13 months 132 (46) 58 (41) 74 (50)
Missing or N/A 151

<=17 190 (65) 96 (68) 94 (62) 0.34
>17 103 (35) 46 (32) 57 (38)
Missing or N/A 148

1 304 (70) 157 (69) 147 (71) 0.68
2 63 (14) 32 (14) 31 (15)
>2 70 (16) 40 (17) 30 (14)
Missing 4

Always 144 (49) 59 (41) 85 (56) 0.01
Not always 150 (51) 84 (59) 66 (44)
Missing 147

No 387 (88) 198 (85) 189 (90) 0.23
No but have been tested 50 (11) 32 (14) 18 (9)
Yes 4 (1) 2 (1) 2 (1)
Missing 0

Ever had STI 

Sexual risk factors
Sexual debut

Unvaccinated

* Only when current partner is yes

VaccinatedTotal 

Current Partner

Relationship*

Age partner *

Nr. sexpartners 

Condom use 
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A quarter of the 1800 girls (n=441) reported to be sexually active (Table 1b) with the median age of their first 
sexual intercourse at 14.7 years (13.2-15.4). Out of these girls, 301 (68%) reported to have a sexual partner of 
which 97% were steady partners. Oral contraceptives were used by 49% of the sexually active girls and 21% 
by the non sexually active. Approximately half of the sexually active girls reported no use of condoms in the 
last six months.

Prevalence and distribution of HPV-DNA type 
Out of the 1800 girls of whom we received a vaginal self- sample, 79 were positive for any HPV-DNA type 
(4.4%), and 49 of those for a hrHPV-DNA type (2.7%). Approximately 1% (n=18) of the HPV DNA infections 
were found in girls who reported never to have had vaginal or anal sex. Concomitant HPV 16 and 18 infec-
tions were present in 2 girls only. HPV genotyping showed that hrHPV-DNA type 51, 16 and 18 were the 
most prevalent (Figure 2). Other detected HPV types in order of decreasing prevalence were: HPV type 6, 
11, 53, 31, 52 and 66. About a quarter of the HPV positive girls (n=17) had a multiple infection. All multiple 
infections involved at least one hrHPV-DNA type. 
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Prevalence and distribution of HPV antibodies and correlation with HPV-DNA prevalence
Overall seropositivity of the 1149 available serum samples was 11% (n=128). Type 52 was the most prevalent 
HPV type 5.2% followed by 3% for HPV16 (Figure 3). 
 A serum sample was available for 28 girls out of the 49 hrHPV-DNA-positive girls. Nine of those (32%) 
were seropositive (Figure 4), 7 (78%) for a concordant HPV type as detected in the vaginal self-sample, 4 of 
which were positive for HPV type 16. All of these girls reported to be sexually active. Out of the 30 girls pos-
itive for a non hrHPV-DNA type, a serum sample was available for 17 girls of which 2 girls were seropositive 
(12%) for one or more of the seven hrHPV types in the serological assay. From the 1721 HPV-DNA-negative 

Total
n=1800

OtherHPV
n=30 (38%)

hrHPV
n=49 (62%)

Any HPV
DNA pos

n=79 (4.4%)

Any HPV 
DNA neg

n=1721 (95.6%)

sero pos
n=131 (14%)

sero neg
n=941 (86%)

sero neg
n=19 (68%)

sero pos
n=9 (32%)

not same type
n=2 (22%)

same type
n=7 (78%)

serology 
available 

n=28

sero neg
n=15 (88%)

sero pos
n=2 (12%)

not same type
n=2 (100%)

serology 
available 

n=17

serology 
available
n=1096

Figure 4. Flow diagram HPV-DNA and serology status. 
Serology was only determined for a subset of HPV types 
(16, 18, 31, 33, 45, 52, 58)

Figure 5. Antibody concentrations (black dots) for HPV16 
and -18 DNA positive and negative girls. The dark grey 
lines indicate the geometric mean concentration and the 
vertical bars show the interquartile range.



 36

Monitoring HPV vaccination | Burden of Infection

girls serology was available for 1104 girls of which 128 were seropositive (12%). Approximately one third of 
these girls reported to have ever had sexual intercourse.
 Girls that were HPV-DNA positive and seropositive showed an increased serotiter for all types compared 
to the seronegative girls, although numbers were small (Figure 5).

Risk factors
Among the sexually active girls (n=441) a risk factor analysis was carried out. Variables associated with 
hrHPV-DNA that were significant in the univariate analysis were age, lower education, smoking, younger 
age of sexual debut, total number of partners above 2, higher age of partner, having one or more casual 
partners and not always using condoms. Multivariate analysis showed that age >15 years vs. 14-15 years 
(OR=2.6 (1.2-5.9)), age of sexual debut < 14 vs. above 14 years (OR=3.0 (1.1-8.2)), total number of lifetime 
partners above two vs. less than two partners (OR=3.2 (1.3-8.0)) and age of partner >17 vs. 17 years or 
younger (OR=4.2 (1.5-13.0)) were independently associated with hrHPV-DNA infection. No pairwise inter-
actions among the variables in the final analysis were statistically significant below the P<0.05 level. 

DISCUSSION

By determining both the genital HPV status and antibody status against the most prevalent HPV types, we 
found an overall genital HPV-DNA prevalence of 4.4% (n=79) and hrHPV-DNA of 2.7% (n=49), amongst a 
group of 14-16 year old girls (n=1800) prior to HPV vaccination. HPV 16 and/or 18 were present in 1% of the 
study sample (n=18).
 Currently there are only a few studies that have studied a similar age group. Dunne et al. 2003 [15] found 
a DNA prevalence of any HPV type of 24.5% in girls 14-19 years of age in the United States. The different ge-
ographical area and the inclusion of older girls (17-19) might explain the higher prevalence. This last remark 
is supported by our risk factor analysis, which shows that age is an independent risk factor for a hrHPV-
DNA infection. Another study that included 15-17 year old girls [16] showed a higher hrHPV-DNA preva-
lence (20.3%) compared to our study. However, this study involved girls from a geographical risk area 
(especially Brazil) who were only included if they were sexually active. When comparing the 16 year old sex-
ually active girls with all the girls in our study we also found a higher prevalence of (17% for anyHPV in-
stead of 4.4% overall) and hrHPV-DNA prevalence (12% instead of 2.7% overall). 
 Age of sexual debut, age of partner and more than two lifetime partners were also found to be independ-
ent risk factors for hrHPV-DNA amongst the sexually active girls (n=441). Since sexual behavior has been 
implicated as the most important risk factor for infection with hrHPV-DNA, the large proportion of not yet 
sexually active girls in this study (76%) makes this prospective cohort study particularly useful to study the 
relationship between the start of sexual activity with hrHPV-DNA infection.  
 In 32% (9/29) of girls of whom serum was available and who had a current hrHPV-DNA infection for 
type 16, 18, 31, 33, 45, 52 and 58 (types detected by serology test), antibody responses were present. This find-
ing indicates that the presence of these antibodies is a relatively insensitive indicator of infection, as is 
known from literature, where approximately 50% seroconversion has been described [7,8]. The lower per-
centage found in this study might be due to a delay in seroresponse, since both DNA and serum were taken 
at the same time. In the coming years, we may be able to observe this delay, and possibly find associations 
between the presence of HPV antibodies and clearance of current HPV infections. Furthermore, from the 
hrHPV-DNA positive girls, approximately a third were seropositive, but vice versa a lot of the seropositive 
girls (12%) show no current DNA infection. Assuming the assay specificity was high, this indicates that 
using HPV-DNA positivity only can underestimate the total exposure of HPV in the general population 
even at this young age.
 There were some limitations to our study. HPV-DNA was detected in 1% of girls in our study who re-
ported never having had anal or vaginal sex. This could be explained by the fact that HPV is very infectious. 
A few studies have shown that non penetrative sex or contact with contaminated objects and surfaces can 
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lead to infections [17,18]. Furthermore, sexual activity is self-reported which could result in an underestima-
tion of the true sexual activity. The second limitation of this study, as in all HPV-DNA studies, is that it 
could not be determined if the HPV detected represented an active infection of the cervix or the transient 
presence of HPV DNA in the lower genital tract.  The third limitation is the low response rate to participate 
in the study (12% in the first group and 3.3% in the additional group). In order to assess the effect of this low 
response rate we determined if the characteristics of the study population were similar to those of girls in 
the general population. We did this by comparing our data on education, ethnicity and age of sexual debut 
with that of the general population [19]. Girls in our study were higher educated and less likely to be a sec-
ond generation migrant. Furthermore, it has been reported that approximately a third of the 15-year-old 
girls in the Netherlands are sexually active [20] whereas in our study we found a quarter of the girls to be 
sexually active. However, a comparison of demographic and other characteristics amongst vaccinated and 
unvaccinated girls in this study revealed a similar distribution, apart from age, urbanization, ever having 
had sex, having a partner and condom use, which are all characteristics for which we can adjust. 
Furthermore, prior to vaccination, there was no significant difference in prevalence of hrHPV-DNA status 
in girls who eventually got vaccinated and girls who did not (2.5% vs. 3.0%, p<0.51). 

CONCLUSION

In conclusion, prior to vaccination the HPV-DNA prevalence amongst a group of 1800 girls 14-16 years old 
eligible for HPV vaccination, is low. Of the hrHPV-DNA positive girls, approximately a third were seroposi-
tive, of which almost 80% for the same type. However, a lot of the seropositive girls (12%) show no current 
DNA infection. 
 Because of the expected age-related HPV-DNA increase in these girls (increased sexual activity), this 
study will be especially suitable to monitor vaccine effectiveness. In the long run, the impact of vaccination 
measured in this cohort will also include the indirect effect of vaccination (herd immunity) and is not lim-
ited to the direct effect of vaccination. Amongst the HPV-DNA negative girls (n=1721) acquisition of new 
HPV infections in relation to their vaccination status, serostatus and risk factors will be studied longitudi-
nally. In addition, it offers the opportunity to improve knowledge of antibody responses following natural 
infection and vaccination.
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ABSTRACT

Background: We assessed age- and type-specific HPV prevalence, incidence and persistence and their as-
sociated risk factors in young women prior to vaccination, to enable monitoring of the impact of introduc-
tion of HPV vaccination in the years before participation in the cervical screening program. 
Methods: The HPV status was assessed in 3282 women aged 16–29 who participated in a Chlamydia tracho-
matis screening implementation program, of which 2014 women (61%) participated in two rounds (one year 
apart). Self-collected vaginal swab were analyzed by SPF10 LiPA on the presence of HPV DNA. Risk factors 
for prevalent, incident and persistent HPV infections were calculated using generalized estimating 
equation.
Results: The prevalence of any HPV in the first round amounted to 54%, while 34% of the women who par-
ticipated in the second round had a persistent infection and 45% an incident infection. The five most com-
mon HPV types found in this study were HPV16,−51,−52,−31 and−53. HPV16 and/or HPV18 prevalence, 
incidence and persistence in the second round were 15%, 8% and 9%, respectively and for HPV6 and/or 
HPV11 6%, 4% and 2%, respectively. Relatively to other HPV genotypes, hrHPV types were found more 
often as a persistent infection than as an incident infection. Furthermore, there is an age-dependent in-
crease within this age range for persistent infections but not for incident infections.
Conclusion: The HPV prevalence (54%), incidence (45%) and persistence (34%) is high among sexually ac-
tive young women in the Netherlands. The different HPV type distribution and risk factors for prevalent, 
incident and persistent infections, as well as the observed age-trends should be taken into account in inter-
preting data obtained after vaccine introduction. Repeating measurements post-immunization are particu-
larly relevant until the age when screening starts (i.e. 30 years in the Netherlands).
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INTRODUCTION

HPV is a very common sexually transmitted infection worldwide with an estimated lifetime risk of 50–80% 
[1]. Of the 40 HPV types that can infect the human ano-genital tract about half have oncogenic potential, 
the so called high risk HPV types (hrHPV) [2]. Persistent infection with hrHPV is a prerequisite for the de-
velopment of cervical cancer. This type of cancer is the second most common female cancer in the world [3], 
which results in over a quarter of a million deaths worldwide each year [4]. The introduction of a vaccine 
targeting two hrHPV types, HPV16 and HPV18, can potentially eliminate up to 70% of all invasive cervical 
cancers in women worldwide [5]. 
 In the Netherlands the bivalent vaccine, Cervarix®, which targets HPV16/18 has been used since 2010 in 
the National Immunization Program (NIP) for routine vaccination for girls aged 12. In 2009 girls aged 13–16 
were offered catch-up vaccinations. Knowledge of type-specific HPV infections in the pre-vaccination pe-
riod is needed to be able to measure future changes in HPV dynamics due to the introduction of vaccina-
tion. In addition, it could provide us with information on the impact of HPV immunization in the time 
period before the vaccinated cohorts reach the age of screening (30 years). To date epidemiological studies 
on the prevalence of HPV in the Netherlands have typically used cervical screening samples, which are in 
principle from an older birth cohort [6]. In addition, only limited data is available on type-specific incident 
and persistent infections. In this paper, we analyzed age- and type-specific prevalent, incident and persist-
ent HPV infections and their associated risk factors among young women (16–29 years) participating in a 
systematic, Chlamydia trachomatis (Chlamydia) Screening Implementation (CSI) Program [7]. The find-
ings are discussed in view of future monitoring of the HPV vaccination.

MATERIALS AND METHODS

Study design and population
A prospective study among women aged 16–29 was conducted in the Netherlands, as part of the CSI pro-
gram. Study recruitment of CSI has been described elsewhere [8,9]. In brief, all sexually active women and 
men aged 16–29 were invited to enroll in 2008–2009 (round 1) and in 2009–2010 (round 2) from three areas 
in the Netherlands; a specific area in South Limburg, and the cities Rotterdam and Amsterdam. In South 
Limburg participants were selected according to a risk profile in order to have similar positivity rates of 
Chlamydia as in Rotterdam and Amsterdam [10]. Briefly, eligibility was assessed on the basis of individual  
risk scores calculated from questionnaire data. The questionnaire contained nine questions about demo-
graphics and sexual behavior of which each question contributes to the risk score.
 Out of the 41,637 women who initially got tested for Chlamydia 3282 women were selected for the first 
round, of whom 2014 (61%) also participated in the second round. The sampling for the current study was 
restricted to women who gave additional consent for their sample to be tested for other STIs and for whom 
a vaginal swab was available. Furthermore, they had to have filled out the general CSI questionnaire when 
requesting a test kit at least in one of the two rounds. The sample size was calculated per two-year age 
group, based on expected age-related HPV prevalence (pilot study, not published) (25% in 16–17 years old to 
50% in 25–29 years old), with a precision of 4.5%. 

HPV DNA testing
The selected vaginal samples which were first tested for Ct were used for HPV testing. Swabs were stored in 
GenProbe Aptima buffer (Amsterdam) and in sucrose-phosphate buffer (2SP) (South-Limburg and 
Rotterdam). All samples were tested for HPV by MUMC+ according to the protocol described below. 
Briefly, samples were defrosted and were spiked with phocine herpes virus (PhHV-1) before DNA-isolation. 
Real-time PCR amplification of this target was done on a 5% of the sample extracts to assess potential dif-
ferences in purification efficiency due to the different sample buffers and the absence of inhibition during 
PCR amplification in specific [11]. Total DNA was isolated from 200 µl of the suspension containing the 
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cervical cells using the MagNA Pure platform (Total Nucleic acid Isolation Kit, Roche Diagnostics, Almere, 
the Netherlands) and was eluted in 100 µl elution buffer. HPV DNA was amplified from all samples using 
the SPF10 primer set according to the manufacturers’ instructions (DDL Diagnostic Laboratory, the 
Netherlands). The short PCR fragment SPF10 primer set is able to amplify the following 12 hrHPV geno-
types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 13 other HPV genotypes with limited evidence for cervical 
cancer in humans: 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 68, 70 and 74 (classification based on the last 
International Agency for Research on Cancer report) [12]. In addition, HPV types 73 and 97 can be detec-
ted on the same membrane as HPV68, although no distinction between them can be made. Therefore, they 
were classified as HPV68. In this report, all non-hrHPV genotypes were referred as low risk HPV (lrHPV). 
The presence of HPV-amplicons was assessed by an HPV DNA enzyme immuno-assay (DEIA). Genotyping 
of the HPV-positive DNA samples was done by reverse hybridization in a line probe assay (LiPA) [13].  
 Samples that were HPV-positive in the DEIA analysis but did not reveal any of the 25 HPV-genotypes in 
the line probe assay were classified as untypable. The reproducibility of HPV DNA testing and genotyping 
was assessed by retesting 5% of HPV-positive and -negative samples at a different location (RIVM) but using 
the same SPF10 LiPA test. Overall agreement was high with 79% concordant results, 19% compatible results 
(i.e. at least one HPV-type concordant in a sample with multiple infections) and only 2% disconcordant re-
sults. The retested samples were also used to assess the level of PhHV-1 spike-target. The PhHV-1 CT-values 
were statistically significant different between the two used buffers: Genprobe = 32.16 (SD = 0.90) vs. 2SP = 
33.45 (SD = 0.98), indicating that a limited difference in HPV-detection rate between the two different col-
lection buffers might exist. All but one of the 5% analyzed sample (n = 241) had spike CT-values within de 3* 
standard deviation range, indicating that PCR-inhibition is found rarely and will have a negligible influence 
on the calculated HPV prevalence.

Statistical analysis
Prevalence at enrollment was defined as being HPV-positive in the first round. For incidence, persistence 
and prevalence in the 2nd round only women who participated in both rounds were included (n = 2014). 
Figure 1 shows the number of women participating in each analysis; Incidence was determined as being 
negative for a particular HPV type in the 1st round and positive for that particular HPV type in the 2nd 
round. Persistence (or possibly a re-infection) was analyzed for women who were positive in round one and 
was defined as being positive for a concordant HPV type at both study rounds. 
 Risk factors for prevalent, incident and persistent HPV infections were calculated using generalized esti-
mating equation (GEE). By using this type of analysis, correlation of separate HPV infections is taken into 
account. The risk for each HPV type is calculated separately and then the weighted average of all HPV types 
is estimated [14]. Only variables with a p-value <0.1 in univariable analysis were included in the multivaria-
ble model. All statistical analyzes were performed using PROC GENMOD in SAS 9.2 [15].

RESULTS

Demographics
The median age of the 3282 women who participated in this study was 23 years. The majority of the women 
(93%) were Dutch, living in Amsterdam (61%) and higher educated (73%). At enrollment, 7% of women re-
ported having had no sex partners in the last 6 months, 78% reported 1 or 2 partners, and 14% reported 
more than 2 partners. Most women reported sexual activity with men only (97%), and 25% of women re-
ported a new relationship during the past 6 months. Within the past 6 months, 64% reported never using 
condoms with a steady partner and 7% never using condoms with a casual partner. The median age of their 
partner was 25 years (range 14–56). The median age of sexual debut was 16 years (range 8–29). The mean age 
of sexual debut was 16.5 years, which is in line with the reported Dutch average (16.7 years) [16]. 
 Table 1 presents the distribution of socio-demographic and sexual behavioral risk factors at baseline 
among women who participated in both rounds versus women who only participated in one round. Women 
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who only participated in the first round were significantly younger (median 21 years vs. 24 years), signifi-
cantly more likely to have a younger partner (median 23 years vs. 26 years) and were significantly younger at 
sexual debut (median 16 years vs. 17 years).

Participant-level analysis: prevalence, incidence and persistence of HPV 
Table 2 shows the prevalence, incidence and persistence of the total group. The prevalence in the second 
year was slightly higher (61.9%) than in the first year (53.9%). The three most prevalent hrHPV types in both 
years were HPV16, −51 and−52. HPV53 and−66 were the most prevalent lrHPV types (Appendix A). The 
overall incidence of any new HPV infection in the second round was 45.3% (Table 2). Incidence among al-
ready positive women at baseline was higher (59.2%) than among women negative for any HPV type at base-
line (31.7%). Out of the positive women at baseline, 59% had at least one persistent infection (33.7% of total 
number of women). Furthermore, the distribution of HPV16/18 and possible cross reactive HPV types 31/45 
was 23.7% for women with a prevalent infection in the second round. This was lower for incidence infections 
(13.6%), but higher for persistent infections (24.4%). For HPV6/11 the prevalence was 5.9% and persistence 
was 3.1%. Incidence was higher than persistence (5.5%). Table 2 also shows the number of multiple infec-
tions. Incident infections were more often part of a multiple infection than persistent infections. Compared 
to single incident or persistent infections, multiple incident or persistent infections were not age-dependent 
(data not shown). 

Participant-level analysis: age and prevalent, incident and persistent infections
In general, the percentage of prevalent HPV infections was higher among women above 19, compared to 
women aged 19 or less (Table 3). Also persistent infections were higher among older women, with a peak at 
24–25 year olds. This peak was especially seen for other hrHPV infections, but was less pronounced for 
HPV16/18 infections and for lrHPV persistent infections. Incident infections did not show a clear age-pat-
tern, except for a decreasing trend for HPV16/18 incident infections (p < 0.001) (Table 4). 

N = 3282

Positive 
n=1769 (54%)

Negative 
n=1513 (46%)

Year 1

Loss to follow up 
n=623

Loss to follow up 
n=645

Prevalent 
cases

Persistent 
cases

Incident 
cases

Positive same type 
n=679/1146 (59%)

Positive 
n=912/2014 (45%)

Year 2

Positive dierent 
type 

n=632/1146 (55%)

Positive new type 
n=280/868

(32%)

Dotted line: women can have a persistent and an incident infection 
and can therefore be in both groups

 Figure 1. Flow chart of participants amongst a subgroup of the CSI study in the Netherlands
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Table 1. Socio-demographic 
characteristics and sexual 
behaviour of women who 
participated in only round 
1 (2008-2009) versus 
women who participated 
in both rounds (2008-2009 
and 2009-2010) amongst a 
subgroup of the CSI study 
in the Netherlands

Only participated 
in round 1

Participated in
round 1 and 2

Variable N (%) N (%)
Age

16-17 279 (22) 95 (5)
18-19 217 (17) 188 (9)
20-21 231 (19) 304 (15)
22-23 100 (8) 396 (20)
24-25 101 (8) 395 (20)
26-27 120 (10) 388 (19)
28-29 196 (16) 248 (12)
Mean  (SD), years 21.6 (+/- 4.2) 23.4 (+/- 3.3)

Ethnicity
Dutch 864 (91) 1807 (94)
non Dutch 86 (9) 111 (6)

Region
Rotterdam 281 (22) 671 (33)
Amsterdam 747 (59) 1250 (62)
South-Limburg 240 (19) 93 (5)

Education
Lower 41 (4) 40 (2)
Middle 366 (33) 376 (19)
Higher 701 (63) 1554 (79)

Living situation
Single 190 (17) 330 (17)
Current relationship 497 (45) 654 (33)
together 417 (38) 983 (50)

Age at rst sexual intercourse
<16 481 (44) 546 (28)
16-20 581 (53) 1285 (65)
21-25 31 (3) 119 (6)
26-30 5 (0.5) 13 (1)
Mean (SD), years 16.8 (+/- 2.4) 16.0 (+/- 2.4)

Age current partner
<20 157 (23) 80 (8)
>=20 530 (77) 904 (92)
Mean  (SD), years 24.8 (+/- 6.5 ) 26.7 (+/- 5.7)

Sexual preference
male 1016 (98) 1781 (97)
female 15 (1) 14 (1)
male and female 11 (1) 32 (2)

Number of sex partners in last 6 months
0 76 (7) 154 (8)
1 703 (64) 1174 (60)
2 169 (15) 364 (19)
>2 154 (14) 275 (14)

Concurrent partner
No 923 (89) 1601 (88)
yes 119 (11) 226 (12)

new relationship in the past 6 months
no 797 (76) 1363 (75)
yes 245 (24) 464 (25)

Casual partner in last 6 months
no 364 (37) 855 (43)
yes 615 (63) 1112 (57)

Ever had STI
no 181 (68) 203 (69)
yes 86 (32) 90 (31)

Condom use steady partner
Frequently 104 (15) 126 (13)
Sometimes 153 (22) 219 (22)
Never 429 (63) 639 (65)
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Specimen-level analysis of HPV: type-specific HPV infections 
In the 2014 women who participated in both study rounds, 2528 HPV infections were detected in the second 
round. In total 1555 incident infections and 973 persistent infections were found. HrHPV types, which are 
found in cervical cancer (e.g. HPV16, −18,−45 and −31) were more often a persistent infection than an inci-
dent infection. This is in contrast to lrHPV types found in genital warts and rarely found in cervical cancer, 
such as (e.g. HPV6, −11 and −40), which were more likely to be an incident than a persistent infection. 
Possible hrHPV types (i.e. where there is still debate about their oncogenic potential (e.g. HPV53 and −66)) 
were more skewed toward a persistent infection (Appendix B).

Specimen-level analysis of HPV: risk factors for an HPV infection
Risk factors for an incident or a persistent infection were different (Table 4). For an incident infection risk 
factors were; being single or having a relationship whilst not living together compared to having a relation-
ship and living together. Furthermore, sexual contact with both men and women or women only, as com-
pared to men only, and having more than 1 partner in the last 6 months compared to 1 partner were 
associated with an incident infection. A persistent infection was also associated with the number of part-
ners in the last 6 months (more than 2 vs. 2 or less) and being single or having a relationship whilst not liv-
ing together. However, persistence was not related to sexual preference. Furthermore, a persistent infection 
was strongly associated with older age, younger age of sexual debut and having a new relationship in the last 
6 months. When limiting this analysis to hrHPV infections, the same risk factors emerged, and in addition 
having a new relationship in the last 6 months was significantly associated with the risk for an incident 
hrHPV infection. Having a casual partner was associated with a persistent infection. The risk factors for an 
incident or a persistent infection combined were also significant risk factors for a prevalent HPV infection 
in the second round (data not shown).

2009 (n=3282)
Prevalence
% (95% CI)

2009 and 2010 (n=2014)
Prevalence Incidence Persistence
% (95% CI) % (95% CI) % (95% CI)

Any HPV 53.9 (52.2-55.6) 61.9 (59.8-64.0) 45.3 (43.1-47.5) 59.2 (56.4-62.1)
HrHPV 41.9 (40.2-43.6) 48.0 (45.8-50.2) 31.7 (29.6-33.7) 44.7 (41.8-47.6)
LrHPV 30.1 (28.5-31.7) 35.5 (33.4-37.5) 26.6 (24.1-28.5) 23.3 (20.8-25.7)
HrHPV only 23.8 (22.3-25.3) 26.5 (24.5-28.4) 18.7 (17.0-20.4) 36.0 (33.2-38.7)
LrHPV only 12.0 (10.9-13.1) 13.9 (12.4-15.4) 13.6 (12.1-15.1) 14.6 (12.5-16.6)
HPV16 10.8 (9.8-11.9) 11.7 (10.3-13.1) 5.4 (4.4-6.4) 11.7 (9.8-13.6)
HPV18,  no 16 4.2 (3.5-4.9) 4.8 (3.8-5.7) 2.7 (2.0-3.4) 3.6 (2.5-4.7)
HPV31/45, no 16 or 18 7.2 (6.3-8.1) 7.3 (6.2-8.4) 4.5 (3.6-5.4) 9.2 (7.5-10.8)
HPV16/18/31/45 22.2 (20.8-23.6) 23.7 (21.9-25.6) 13.6 (12.1-15.1) 24.4 (21.9-26.9)
HPV6/11 5.8 (5.0-6.6) 5.9 (4.9-6.9) 5.5 (4.5-6.5) 3.1 (2.1-4.1)
Multiple HPV 53.1 (50.8-55.4) 56.8 (53.6-59.9) 45.5 (42.3-48.7) 31.4 (27.9-34.9)
Multiple hrHPV 39.2 (36.6-41.8) 43.2 (40.1-46.4) 30.4 (26.8-34.0) 25.4 (21.6-29.2)

Table 2. Prevalence of HPV types grouped according to oncogenicity and multiple HPV Infections with 95% Confidence Interval 
(CI) amongst a subgroup of the CSI study in the Netherlands. * HrHPV includes HPV type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
59. # LrHPV includes HPV type 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 68, 70, 74.
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Table 3.   Risk factors for an incident and persistent infection (2nd round 2009-2010) amongst a subgroup of the CSI study in the 
Netherlands

Incident infections at round 2 
N=1555 infections

Persistent infections at round 2 
N=973 infections

Risk factor Univariable Multivariable § Univariable Multivariable §
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age
16-17 ref ref ref ref
18-19 1.5 0.8-2.8 1.3 0.7-2.5 1.1 0.5-2.3 1.1 0.5-2.4
20-21 1.5 0.8-2.7 1.1 0.6-2.0 1.4 0.7-2.8 1.4 0.7-2.9
22-23 1.7 0.9-2.9 1.4 0.8-2.5 1.8 0.9-3.7 1.9 1.0-3.9
24-25 1.4 0.8-2.5 1.2 0.7-2.2 2.4 1.2-4.7 2.5 1.2-4.9
26-27 1.4 0.8-2.5 1.3 0.7-2.3 2.2 1.1-4.3 2.3 1.2-4.8
28-29 1.2 0.7-2.1 1.1 0.6-2.0 2.0 1.0-4.0 2.4 1.2-4.8

Ethnicity
Dutch ref *** ref ***
Non Dutch 1.1 0.8-1.5 1.2 0.9-1.5

Education
Lower ref *** ref ***
Middle 0.9 0.5-1.6 1.0 0.6-1.6
Higher 0.8 0.5-1.4 0.9 0.6-1.5

Living situation
Current relationship and 
living together ref ref ref ref
Current relationship 2.0 1.5-2.7 2.0 1.5-2.7 1.4 1.0-1.8 1.6 1.2-2.1
Single 2.5 1.9-3.4 2.1 1.5-3.0 1.8 1.4-2.4 1.6 1.2-2.2

Age at rst sexual intercourse
<16 ref *** ref ref
16-20 0.9 0.8-1.1 0.8 0.7-0.9 0.8 0.7-0.9
21-25 0.9 0.6-1.3 0.4 0.3-0.6 0.4 0.3-0.6
26-30 0.9 0.5-1.7 0.5 0.2-1.5 0.7 0.3-1.7

Concurrent partner
No ref ref ref ref
yes 1.5 1.3-1.9 1.0 0.8-1.3 1.5 1.2-1.9 1.0 0.8-1.2

Sexual preference
male ref ref ref ***
female 0.2 0.0-1.0 0.1 0.0-0.9 0.7 0.3-1.8
male and female 1.3 0.8-2.1 1.1 0.6-1.7 2.0 1.3-3.0

Number of sex partners in last 6 months
0 or 1 ref ref ref ref
2 1.8 1.5-2.2 1.5 1.2-1.9 1.5 1.3-1.9 1.2 1.0-1.6
>2 2.1 1.8-2.4 1.8 1.4-2.3 2.1 1.7-2.5 1.6 1.2-2.1

new relationship in the past 6 months
no ref ref ref ref
yes 1.4 1.2-1.7 0.9 0.7-1.0 1.3 1.1-1.5 0.8 0.7-1.0

Casual partner in last 6 months
no ref ref ref ref
yes 1.8 1.6-2.1 1.1 0.8-1.4 1.8 1.6-2.1 1.2 1.0-1.6

§ Adjusted for geographical region
*** Not signifant in univariable analysis
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Age
 Vaccine types

%   95% CI
Other hrHPV  
%   95% CI

  LrHPV       
% 95% CI

 Prevalent infections
16-17 10.5 (4.3-16.7) 20.0 (11.9-28.1) 20.1 (11.9-28.1)
18-19 8.5 (4.5-12.5) 31.4 (24.7-38.0) 25.0 (18.8-31.2)
20-21 17.4 (13.2-21.7) 37.5 (32.1-42.9) 31.3 (26.0-36.5)
22-23 15.7 (12.1-19.2) 34.6 (29.9-39.3) 29.3 (24.8-33.8)
24-25 19.7 (15.8-23.7) 42.0 (37.2-46.9) 33.7 (29.0-38.3)
26-27 17.5 (13.7-21.3) 38.9 (34.1-43.8) 34.0 (29.3-38.7)
28-29 17.7 (13.0-22.5) 41.9 (35.8-48.1) 29.4 (23.8-35.1)
 Incident infections
16-17 16.7 (4.5-28.9) 19.4 (6.5-32.4) 11.1 (0.8-21.4)
18-19 10.1 (5.1-15.1) 25.9 (18.6-33.2) 20.1 (13.5-26.8)
20-21 9.0 (5.6-12.4) 29.2 (23.8-34.7) 27.3 (22.0-32.7)
22-23 10.8 (7.6-14.0) 30.4 (25.6-35.2) 26.4 (21.8-31.0)
24-25 7.8 (5.1-10.5) 29.8 (25.1-34.4) 2v6.3 (21.8-30.7)
26-27 8.6 (5.8-11.3) 25.8 (21.4-30.1) 22.0 (17.9-26.1)
28-29 4.2 (2.4-6.1) 25.2 (21.1-29.2) 24.9 (20.9-29.0)
 Persistent infections
16-17 12.9 (1.1-24.7) 25.8 (10.4-41.2) 19.4 (5.4-33.3)
18-19 7.1 (1.6-12.5) 29.4 (19.7-39.1) 17.6 (9.5-25.8)
20-21 11.7 (6.9-16.5) 32.7 (25.7-39.8) 11.1 (6.4-15.8)
22-23 16.3 (11.3-21.2) 36.3 (29.8-42.7) 22.8 (17.2-28.4)
24-25 17.6 (12.8-22.4) 41.0 (35.0-47.2) 24.6 (19.2-30.0)
26-27 17.4 (12.6-22.1) 34.7 (28.7-40.7) 25.6 (20.1-31.1)
28-29 15.8 (10.1-21.5) 34.2 (26.8-41.6) 20.9 (14.5-27.2)

Table 4. Age-specific HPV 
prevalent, incident and 
persistent infections (2nd 
round 2009-2010) amongst 
a subgroup of the CSI study 
in the Netherlands

DISCUSSION

Overall, 54% of women aged 16–29 years who participated in a register-based Chlamydia screening project 
had an HPV infection at baseline with higher prevalence for hrHPV (42%) compared to lrHPV types (30%). 
Follow-up data in the second round enabled us to estimate the incidence (45%) and persistence (34%) of vag-
inal HPV infections. Persistence was highest for hrHPV (including HPV16 and HPV18), while lrHPV types 
including HPV6 and HPV11 were found more often as an incident infection.  
 Several studies that have looked at age and persistence found dissimilar results. Some studies found a 
higher proportion of persistent infection at older ages [17,18] while others did not [19,20]. This might be be-
cause not all studies looked at age trends for HPV16/18, other hrHPV and lrHPV separately. The increasing 
age pattern that we found for prevalent and persistent infections for all HPV types combined, was not 
found for incident infections, which is in line with our current understanding that incidence is not age-de-
pendent [21,22]. However, looking at HPV16/18 incident infections separately, we did find a significant de-
creasing trend with age. The differences in HPV16/18 for both persistent (increasing) and incident infections 
(decreasing) with age could be important in interpreting monitoring data on impact of HPV vaccination. 
Repeating measurements post-immunization are particularly relevant until the age when screening begins 
(i.e. 30 years in the Netherlands).  
 As seen in other studies, reporting a new relationship in the last 6 months was one of the strongest risk 
factors for an incident infection [23,24]. A risk factor for both persistent and incident HPV infection was a 
higher number of sexual partners in the last 6 months. Another important finding in the multivariable 
analysis was the association of a persistent infection with younger sexual debut. The increased risk for a 
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persistent HPV infection with younger sexual debut might be due to increased cervical immaturity (ectopy 
of glandular epithelium), and therefore being more prone to an infection to stick [25]. 
 Our study does have some limitations. Some of the apparent persistent infections could have been a  
re-infection with the same type (due to the interval of approximately 12 months between the collected sam-
ples). We found a persistence rate of 59% which could be an overestimation due to missed transient infec-
tions that could have been detected with shorter testing intervals. However, repeat HPV testing at 12 
months intervals is used in cervical screening programs nowadays to identify women at increased risk of 
highgrade cervical pre-cancer due to persistent HPV infections. Another limitation was that women who 
participated in the first and second year compared to women who only participated in the first year were 
older and had older partners. This could be the reason for the slightly higher HPV prevalence that we found 
in the second year and could have an impact on our incidence estimates (higher than expected).  
 Our study had several strengths. A major strength of this study was its prospective nature. This enabled 
us to make a distinction between incident and persistent HPV infections and the difference in associated 
risk factors. Furthermore, we used the most sensitive HPV test available for detection of (multiple) HPV-
infections, so the chance of missing a relevant HPV infection for baseline estimates is minimal.
 Lower incidence rates were found in a similar age group of female university students [26] (35%) and in a 
cohort of university students where incidence after 12 months was 20% [27]. The high percentage of preva-
lent, persistent and incident infections that we found compared to other studies is likely to be due to the se-
lected sample, the use of a much more sensitive test and possibly the use of self-collected vaginal swab. 
Compared to the general population and a Dutch study among the same age group by Lenselink et al. 
(prevalence of 19%), our subgroup of women showed a higher sexual risk profile (e.g. more concurrent part-
ners and more partners in the last 6 months) [16,28]. This is in line with an even higher prevalence (72%) 
that was observed in another study in the Netherlands among an even higher risk population (STD-clinic 
attendees) [29]. The average HPV prevalence described in a meta-analysis also showed a much higher HPV 
prevalence with this test than for example the Hybrid Capture-2 test (41% vs. 5%) [30]. In addition, HPV 
self-collected vaginal swab may have a higher yield of infections than cervical swabs. The larger surface area 
of the vaginal mucosa relative to the cervix may correspond to higher detection of infected vaginal cells [31] 
although several studies show high concordance between self-collected vaginal swab and cervical swabs 
[32–35] and vaginal self-sampling is even advocated as an addition to cervical cytology cancer screening 
programs [36,37]. 
 In conclusion, we found a high number of any HPV infections in women (16–29 years), i.e. before reach-
ing the current age (30 years) of routine screening in the Netherlands. Age trend and risk factors varied for 
incident and persistent infections. Furthermore, a different age trend was observed for HPV16/18 and a 
higher risk for women with early sexual debut was observed. These baseline observations should be taken 
into account in future monitoring results of the impact of vaccination, expecting different age-, risk, infec-
tion (persistent vs. incident infection) profile for HPV16/18 versus other HPV types. Monitoring should be 
done using similar sensitive method enabling discrimination between various types and with insight into 
(changes in) risk factors. Finally, with the arrival of vaccines targeting specific HPV types, this study can 
contribute to modeling studies estimating the impact of HPV vaccination until further post-vaccination 
data becomes available.
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Figure2: HPV prevalence and 95% CI; round 1 and round 2
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Figure3: HPV prevalence in vaginal selfswabs (2 nd  round)

0

2

4

6

8

10

12

14

ty
pe

16

ty
pe

18

ty
pe

31

ty
pe

33

ty
pe

35

ty
pe

39

ty
pe

45

ty
pe

51

ty
pe

52

ty
pe

56

ty
pe

58

ty
pe

59

ty
pe

6

ty
pe

11

ty
pe

34

ty
pe

40

ty
pe

42

ty
pe

43

ty
pe

44

ty
pe

53

ty
pe

54

ty
pe

66

ty
pe

68

ty
pe

70

ty
pe

74

hrHPV type Other HPV type

P
re

va
le

nc
e 

2n
d 

ro
un

d 
(%

)

incident infection
persistent infection

Appendix A. HPV prevalence and 95% CI; round 1 (2008-2009) and round 2 (2009-2010) amongst a subgroup of the CSI study 
win the Netherlands

Appendix B. HPV prevalence in vaginal self-swabs (2nd round 2009-2010) amongst a subgroup of the CSI study in the Netherlands
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ABSTRACT

In 2006/2007, two vaccines were licensed against two of the most common HPV types that cause about 70% 
of cervical cancers. Clinical trials show that vaccinated individuals develop high levels of neutralizing 
antibodies. Although these data suggest that serum antibodies are the mode of action against HPV 
infection, it is uncertain whether immune responses generated by vaccination are similar to those induced 
by a natural infection. In this review, the current knowledge of humoral immune responses after natural 
infection and vaccination is described. Serosurveillance can be used as a monitoring tool to study vaccine 
uptake, the impact of HPV16/18 vaccination on other HPV types, dynamics of HPV infection and herd-
immunity. In addition, factors that contribute to a higher seroresponse after a natural infection, which are 
summarized in this article (a persistent DNA infection, increased viral load, immunosuppression and high 
sexual risk behavior) can help to interpret these indirect effects better. 
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INTRODUCTION

Human papillomavirus (HPV) infection is a very common sexually transmitted infection. The majority of 
sexually active men and women will acquire an HPV infection at some time in their lives, with estimates of 
lifetime cumulative incidence of genital HPV infection between 50% and 80% [1,2]. Most individuals are in-
fected with HPV shortly after their first sexual intercourse as highest prevalence is found in sexually active 
individuals under 25 years of age [3,4]. Thereafter, prevalence declines rapidly with increasing age, although 
some observe a small second prevalence peak in postmenopausal women [3,5].  
 Infection with HPV is thought to require a minor abrasion or break in the epithelial covering [6]. The 
cells that are the prime target for cervical carcinogenesis have recently been identified as a single layer of 
basal cuboidal epithelial cells [7]. Since the basal epithelial cells are programmed for a natural cell death, in-
fected cells are not destroyed. During this infection many viral particles are produced which are shed when 
differentiating cells reach the surface (productive infection). In this process there is no cytolysis or necrosis, 
and subsequently no inflammation. In addition, there is no viremia in the HPV life cycle, and only very low 
levels of viral protein are presented to the immune system of the host. As a result, HPV is effective in evad-
ing detection by the immune system for long periods and generates only a weak immune response [8,9]. 
Despite these immune evasion strategies, the majority of HPV infected women become HPV DNA negative 
within 1 year, which is generally considered to be “clearance” of the HPV infection [10-12]. In 5–10% of in-
fected women, the productive HPV infection becomes persistent and turns into a transforming infection 
causing the development of cervical intraepithelial lesions, which could eventually result in progression to 
cervical cancer if left untreated [13].  
 In 2006/2007, two vaccines were licensed against two of the most common HPV types that cause about 
70% of the cervical cancers. Clinical trials show that vaccinated individuals develop high levels of neutraliz-
ing antibody and that vaccination with HPV16/18 L1 VLPs (virus-like particles) is very effective in prevent-
ing persistent infection and associated lesions [14,15].  
 Although these data suggest that serum antibodies are the mode of action against HPV infection, it is 
uncertain whether immune responses generated by vaccination are similar to those induced by a natural 
infection. The induction of humoral immunity to a natural HPV infection is usually slow and only 40–60% 
of women with positive results for HPV DNA at the cervix seroconvert to that HPV type [16-20]. In addi-
tion, in women who do develop antibody responses, these antibody titers are often very low compared to 
concentrations that are found after vaccination [21]. The interpretation of a serological response after both 
natural infection and vaccination is relevant to judge results of serological data obtained before and after in-
troduction of HPV vaccination.  
 In this review, the current knowledge of the humoral immune responses after vaccination and a natural 
infection is described, and the use of serological data for monitoring HPV vaccination programmes is 
discussed.

HPV ANTIBODIES DERIVED AFTER A NATURAL INFECTION

Techniques to determine an antibody response
Several assays have been developed to monitor antibody responses to HPV. However, no standardized sero-
logical assay is currently available for the assessment of HPV-specific antibody responses. The assays that 
have been used include, pseudovirionbased neutralization assay (PBNA), enzyme-linked immunosorbent 
assay (ELISA), competitive luminex immunoassay (cLIA), and the in situ-purified gluthathione- 
S-transferase L1 fusion protein based multiplex immunoassay (GST-L1 MIA) [16,22-24]. Each assay meas-
ures an overlapping but distinct subset of HPV16/18 VLP antibodies.  
 The PBNA is the golden standard in HPV serology. It measures the total amount of neutralizing HPV 
antibodies by using pseudovirions. However, this assay is highly labor intensive and is therefore difficult to 
use in large epidemiological studies. The cLIA measures antibodies directed against only one neutralizing 
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epitope for a distinct HPV type, which can result in an underestimation of total neutralizing activity of 
HPV-specific antibodies. GST-L1 MIA and VLP-based ELISA measure both antibodies against conforma-
tional and linear epitopes, thereby detecting all HPV-specific antibodies. It has been shown that the VLP-
based ELISA correlates well with the PBNA [25,26].  
 All serological assays use different cut-off definitions and only a WHO reference serum is available for 
HPV16, which hampers the comparisons between different assays and HPV sero-epidemiological studies. 
In this review, only studies that used one of the assays described above and that focused on IgG against the 
L1 protein are included. 

Seropositive individuals
Although antibodies against HPV are less often observed in transient infections, persistent HPV16 infec-
tions are significantly associated with seroconversion of IgG [17-19,27-29]. Nonetheless, it should be noted 
that not all women with a persistent infection seroconvert [18]. HPV seroconversion has also been linked to 
the risk of developing precancerous lesions and cervical cancer. However, adjusted for DNA status, the as-
sociation between seroconversion with cervical cancer was no longer present [17,30,31].  
 Besides HPV DNA positivity or persistence, other studies have found an association between seroposi-
tivity and viral load. In contrast to women with low or normal viral load, women with a high viral load, al-
though defined in different ways in these studies, had a significant increase in the detection of HPV16 
antibodies [20,30,32,33].  
 It can be suggested that both a high viral load (antigenic dose that is acute and rapid) and persistent in-
fection (slow gradual boosting effect) with HPV might be indicators of a sufficient antigenic exposure re-
sulting in the development of detectable antibody titers. In contrast, increased viral load and persistent 
infection might also just extend seropositive duration. Several studies have shown that, as expected, sexual 
behavior, and particularly lifetime number of sexual partners, is the strongest predictor of HPV antibody 
detection [17,19,20,30,31,34,35]. In concordance with these findings, prostitutes (without using condoms) 
have higher antibody levels and are at increased risk for oncogenic HPV infections [35]. This high rate of se-
roreactivity to multiple HPV types observed in prostitutes is likely to be the result of multiple, sequential or 
simultaneous infections with different HPV types. Other sexual risk factors are found less consistently in 
literature, such as oral contraceptive use [19,30,33,36].  
 Another determinant of seropositivity could be immunosuppression.Petter et al. [2000] found that HPV 
16/18 antibody responses in HIV-positive women were significantly higher compared to HIV-negative 
women [37]. A second study did not find a difference between HIV-negative and HIVpositive women, but 
did show a correlation between lower CD4 T-lymphocyte count in HIV-positive women and a rise in serop-
ositivity [38].

Function of antibodies
The development of detectable HPV VLP antibodies does not always occur after natural HPV infection and 
the correlation between seropositivity and HPV DNA detection at the same time point is poor [17,18,39]. It 
often takes several months before seroconversion is detected [17,18,28,29]. In addition, it is thought that most 
transient infections do not elicit a detectable antibody response [18], which suggest that antibodies do not 
play an important role in the protection or clearance of HPV infections [40].  
 Whether HPV antibodies protect against a reinfection with the same or a different HPV type is cur-
rently under debate. A general problem in studying this relationship is the lack of consistency in definitions. 
For example, some studies looked at antibody levels at one time point [41,42], while others looked at persist-
ent antibody levels [36,43], high antibody levels [41,44] or a different duration of follow-up [36,41]. In addi-
tion, differences in study population (population based vs. college women) yield different results. Gravitt 
[2011] recently suggested that studies including younger women (aged 26–34) showed more often protection 
against reinfection [36,43,45] than studies that have included older women [41,42,45-47]. The protective role 
of antibodies in women might wane over time and could explain the inconsistencies between the various 
studies. However, Gravitt acknowledged that possible reactivation of a latent HPV infection might also 
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explain these conflicting results in older women [45]. It might be possible that viral load decreases below the 
threshold of an HPV test, resulting in the failure to detect HPV DNA even though the infection is not 
cleared. Weaver et al. [2011] hypothesized that it is possible that HPV infections, which are thought to be 
cleared, actually persist at very low viral load levels for many years, becoming detectable later in life [48]. By 
using a type-specific nested PCR to test samples they showed that HPV DNA could be detected in samples 
which were negative by a linear array (LA) HPV genotyping test. The data suggest that low-level prevalence 
does occur in some women, arguing for incomplete clearing of the HPV infection and persistence of the 
HPV infection in very few cells. These findings of redetection of the same HPV type are supported by at 
least two studies [49,50]. Sycuro et al. [2008] concluded that redetection (4–12 years after the initial infec-
tion) is likely to reflect a single persistent infection with fluctuating positivity, rather than acquisition of a 
new infection. Winer et al. [2011] found that redetection (with a mean follow-up of 30.7 months) occurred in 
19.4% of the original infections and in most cases, was associated with the same HPV variant as the original 
infection.

VACCINE INDUCED HPV ANTIBODIES

Immune mechanism
The enhanced immunogenicity of VLP immunization in comparison with natural infection most likely re-
lates to the route of immunization and the adjuvant used. VLP vaccines are delivered by injection via the 
intramuscular route. They can access the vasculature and lymphatics easily and can activate B cells and 
dendritic cells with which the mechanism of protective immunity is started [9]. HPV-L1 VLP vaccines gen-
erate antibody concentrations that are substantially higher than those in natural infections [51,52]. 
Antibodies are believed to prevent the interaction of the HPV capsid with the cell surface or to prevent the 
conformational changes that are needed for virus entry [53]. HPV16/18 antibodies after vaccination have 
been shown to stay high for at least 8.4 years (after an initial drop after month 7) [54,55]. It is expected that 
the high titers found after vaccination will remain well above those associated with natural infection [56].

Function of antibodies
DNA negative and seronegative individuals: Several studies reported the efficacy of the bivalent and quadri-
valent vaccine against precancerous lesions in DNA negative and seronegative women (the principal target 
group for vaccination against cervical cancer). Vaccine efficacy amongst vaccinated women for both vaccines 
is at least 92% for cervical intraepithelial lesions grade 2 or higher [57,58]. In the youngest age group eligible 
for vaccination (10–14 years old) the highest antibody responses are found (compared to 15–25 years old) [59]. 
 DNA negative and seropositive individuals: In a study by Szarewski et al. [2011], which included women 
who were DNA negative but seropositive at baseline when receiving the vaccine, they showed a lower vac-
cine efficacy for cervical intraepithelial lesions grade 2 or higher (68.8% [95% CI, 28.3% to 95%]) than women 
regardless of serological status (92.4% [95% CI, 84.0–97.0%]). Nonetheless, they did find a lower attack rate 
for women who were seropositive at baseline than women who were seronegative. This would suggest pro-
tection against a new infection. However, seropositive women in the placebo group were still likely to de-
velop a precancerous lesion (which is in contrast to protection from a new infection) [60]. Another study 
showed the reverse. Seropositive individuals were protected against precursor lesions [14]. However, both 
studies were not powered to perform this analysis (very wide confidence intervals). Thus, the protective role 
of antibodies in this group is still unclear.
 DNA positive individuals: Clinical trials have found that vaccination in DNA positive individuals does 
not reduce progression to disease in women who are infected with HPV at the time of vaccination or does 
not influence viral clearance [61]. For example, after vaccination with the quadrivalent vaccine, the inci-
dence of HPV16/18 related cervical intraepithelial lesions grade 2 or higher amongst HPV16/18 DNA positive 
women ranged from 5.5 in the vaccine arm and 6.2 in the placebo arm (vaccine efficacy ¼ 12.2%, 95% CI, 
29.8% to 40.9%) [62].  
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 However, Joura et al., [2012] showed that vaccination with the quadrivalent vaccine was associated with 
reduced incidence of subsequent cervical, vulvar and vaginal intraepithelial neoplasia and genital warts in 
women who had been diagnosed and treated for cervical, vulvar, or vaginal disease. After vaccination, the 
incidence of any subsequent HPV related disease was 20.1 in the vaccine group and 31.0 in the placebo 
group (35.2% reduction [95% CI, 13.8–51.8%]) [63]. These data suggests that HPV vaccination at the time of 
treatment for HPV-associated anogenital diseases might provide protection against recurrent disease.

MONITORING OF HPV

Current knowledge on humoral immune response after natural infection and vaccination has implications 
for the use of serological surveillance as a method to evaluate HPV vaccination programmes. Awaiting the 
primary outcome of HPV vaccination (reduction of cervical cancer and other HPV-associated cancers), 
surrogate measures of the impact of vaccination on population level is needed. In general, serosurveillance 
is used as a tool to evaluate routine vaccination programmes, in particular when a serological correlate of 
protection is available [64]. However, the interpretation of low levels of HPV antibodies after a natural in-
fection cannot be directly correlated with protection against a new HPV infection. In addition, the absence 
of detectable antibodies does not mean absence of exposure since only part of individuals develops detecta-
ble antibodies after a natural HPV infection. Also, no correlate of protection for vaccinated individuals is 
established yet.  
 Despite these factors, serosurveillance can be used in several ways. First, population based serological 
studies can be used to assess vaccine uptake. Compared to other vaccine preventable diseases, such as mea-
sles and mumps, where vaccine-induced antibodies are generally lower than those that are acquired natu-
rally [65-67], HPV shows very high antibody levels after vaccination, but not after a natural infection. 
Clustering of susceptible groups within specific age, social or geographical groups can be identified and can 
be targeted in future vaccine strategies. Secondly, the impact of HPV16/18 vaccination on other HPV types 
(either cross-reactive/protective or replacement) can be studied. Both vaccines have been shown to give par-
tial cross protection to closely related HPV types. While replacement is not expected at present, on a popu-
lation level indications of changes in occurrence of HPV types can be monitored. Thirdly, changes in 
epidemiological dynamics of HPV infection after routine vaccination can be monitored, particularly be-
cause not the whole population is targeted. In the Netherlands, vaccination is given to girls aged 12 years 
with a coverage of 58.5% (cohort 1998) [68]. Estimations of the indirect impact of reduction of HPV16/18 
virus circulation (herd immunity) in men and unvaccinated women can be made through comparing age 
and gender-specific pre- and post-vaccination serological profiles. The factors which contribute to a higher 
seroresponse after a natural infection and which are summarized in this article (a persistent DNA infection, 
increased viral load, suppression and high sexual risk behavior) can help to interpret these indirect effects 
better. The potential changes in (sexual) risk factors over time show that collection of background informa-
tion in sero-epidemiological studies is important. For example, recently we found differences in HPV sero-
prevalences in two crosssectional surveys that seemed mostly related to an increase in sexual activity 
between the two periods (1995/1996 and 2006/2007) [69].  
 In conclusion, knowledge on the exact role of HPV antibodies needs to be improved, but despite of this 
fact, serosurveillance is a useful tool to measure HPV infection dynamics after introduction of vaccination, 
in particular with regard to the herd-immunity impact in the population.
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ABSTRACT

Background: To obtain insight into the age-specific seroprevalence for seven high-risk human papilloma-
virus (hr-HPV) serotypes (HPV16, 18, 31, 33, 45, 52, and 58) among the general population in the  
pre-vaccination era in The Netherlands.
Methods: From a cross-sectional population-based study (ISRCTN 20164309) performed in 2006/2007 6384 
sera of men, women and children were tested for seven hr-HPV specific antibodies using a fluorescent bead-
based multiplex immunoassay with virus-like particles of the seven HPV serotypes. 
Results: An increase in seroprevalence was observed in adolescents, especially for the most prevalent HPV 
type 16 (up to 11.3%). The increase was most pronounced in women, but was less clear for the other six HPV 
serotypes. Relatively stable seroprevalences were found in the middle aged cohorts and a slight decrease in 
the elderly. For the age cohorts >14 years, the seroprevalence among women (25.2%) was higher compared 
with men (20.3%) (p = 0.0002). We found that 10.1% of the population was seropositive for multiple HPV 
serotypes.  
Conclusions: The HPV vaccination program is targeted at preadolescents as is justified by the results in this 
study in which a step-up in HPV seroprevalence is observed at ages of sexual debut. Although direct inter-
pretation of seroprevalence data are hampered by cross-reactivity and seroconversion rate, these data are 
useful as baseline to evaluate long-term population effects of the HPV16/18 vaccination program. 
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INTRODUCTION

Human papilloma virus (HPV) is one of the most common sexually transmitted pathogens worldwide. 
From the general population it is established that 80% will be infected at some time during their live [1]. 
More than 100 different HPV genotypes have been identified, of which 40 infect the genital tract [2]. High-
risk (hr) HPV, such as types 16 and 18, can cause cervical cancer and other genital cancers, and also oro-
pharyngeal cancer. HPV16 and HPV18 are the most common HPV types detected in women worldwide and 
are responsible for 70% of all cervical cancer cases [1-3]. When infected with HPV, most genital transient 
HPV infections regress within two years [4]. Only a small proportion of infected individuals suffer from 
persistent infections and they are at risk for cervical cancer [5,6]. 
 Assays developed for the detection of HPV specific IgG antibodies to virus-like-particles (VLPs), have 
been used for seroprevalence studies in several countries [7-9]. Not all HPV infected individuals serocon-
vert and 20-50% of the women who are carriers of HPV DNA do not have detectable HPV antibodies in 
their serum [1,3]. When HPV antibody responses develop after a natural HPV infection, they are relatively 
stable over time [10]. Therefore, the measurement of HPV specific antibodies will be useful to provide infor-
mation about the HPV seroprevalence in population studies and can be used to estimate lifetime cumula-
tive HPV exposure and past HPV infections. 
 In this study, we describe the age-specific seroprevalence of seven hr-HPV types (16, 18, 31, 33, 45, 52 and 
58) and the risk-factors associated with seroprevalence in a representative sample of the Dutch population 
before the implementation of the HPV vaccine in the national immunization program (NIP). In The 
Netherlands, HPV vaccination (Cervarix) was included in the NIP in 2010 for girls 12 years of age with vac-
cination coverage of 50% [11]. In addition, a catch-up vaccination campaign was performed for girls 13-16 
years of age. Age-specific seroprevalence data from the pre-vaccination era in The Netherlands are scarce. 
Previous studies in The Netherlands were limited to the number of HPV types (only 6, 11, 16 and 18), age 
groups or focused only on a specific city (Amsterdam) in The Netherlands [12, 13]. Our study provides in-
sight in risk factors associated with seropositivity, in the distribution of high-risk HPV types and is valuable 
in the evaluation of long-term population effects of the HPV16/18 vaccination program.

MATERIALS AND METHODS

Study population
Serum samples from a cross-sectional population-based serosurveillance study performed from February 
2006 to June 2007 were available (n = 6384) for analysis. Participants, women and men, were 0-79 years of 
age. The study design has been described previously [14]. Briefly, a total of 19,781 individuals were invited 
into the study of which 6386 (32%) participated. Two sera were not available for analysis (0.03%) because 
serum quality was not sufficient.  The age strata 0 and 1-4 years and non-Western migrants were over-sam-
pled. Each invited individual was requested to fill in a questionnaire and to provide a blood sample. The 
questionnaire included for instance demographic characteristics, vaccination history and information re-
lated to sexually transmittable infections (STIs). Information regarding sexual activity and STI was only 
available from participants older than 14 years of age. A signed informed consent was obtained from all 
participants and for those below 18 years of age also from the parents. The study proposal was approved by a 
medical ethics review committee (ISRCTN 20164309).

Serological measurements
The serum samples collected were stored at -80oC until analysis. HPV specific serum antibodies against L1 
VLPs for serotypes 16, 18, 31, 33, 45, 52, and 58 were measured using a VLP-based multiplex immunoassay 
(MIA). GSK (GlaxoSmithKline Biologicals, Rixensart, Belgium) kindly supplied the HPV VLPs and trans-
ferred the developmental VLP-based MIA. VLPs were coupled to a set of seven distinct fluorescent micro-
spheres (Luminex corporation, Austin, TX) through a carbodiimide coupling procedure that has been 
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described elsewhere [15] with minor modifications. Sulpho-NHS (Pierce, Rockford, IL) and EDC (Pierce, 
Rockford, IL) were dissolved in 0.5M NaH2PO4 (Sigma-Aldrich, St. Louis MO), pH 6.2. 25 µg VLPs/ml were 
diluted in PBS and coupled to 1 x 107 fluorescent microspheres. VLP-coupled microspheres were stored in a 
buffer containing 100mM MES (Sigma-Aldrich, St. Louis MO), pH 6.0, 1% BSA (Sigma-Aldrich, St. Louis 
MO), and 0.2% Proclin300 (Sigma-Aldrich, St. Louis MO). The MIA was performed as described elsewhere 
[16] with modifications. Serumbuffer (PBS, 1% BSA, 0.2% Tween20 (Merck, Darmstadt, Germany) and 0.2% 
ProClin300) was used for prewetting the MultiscreenHTS assay plates (Millipore Corporation, Billerica, 
MA), for washing procedures and sample dilutions. Sera were 1/50 diluted and incubated with 4000 micro-
spheres/HPV serotype/well. R-phycoerythrin (R-PE)-conjugated goat anti-human IgG (Jackson 
ImmunoResearch laboratories Inc., Westgrove, PA) diluted 1:200 was used as a conjugate. HPV specific IgG 
antibodies were analyzed by using a Bioplex system 200 with Bioplex software (Bio-Rad Laboratories, 
Hercules, CA). For each analyte, median fluorescent intensity (MFI) was converted to Luminex Units/ml 
(LU/ml) by interpolation from a 5-parameter logistic standard curve (log-log) using the linear part of that 
curve.

Reference and control sera
Four quality ‘in house’ control sera were used on each plate. These four sera were composed of a pool of 
HPV negative individuals, a pool of low-positive individuals, a pool of highly-positive vaccinated individu-
als, and a commercially available positive preparation: human intravenous immunoglobulin (IVIG, lot 
LE12G071AE, Baxter, Deerfield, IL). The ‘in house’ standard (IVIG, lot LE12H227AF, Baxter) was calibrated 
against reference serum of GSK for all the seven HPV types.

HPV-MIA characteristics and cut-off values
The intra- and inter-assay variation for HPV16 and the reproducibility of the assay for all seven HPV types 
were determined using a serum panel (n = 55) consisting of pre-vaccination samples and serum samples 
from women diagnosed with cervical cancer.  Several monoclonal antibodies (mAbs) were used that recog-
nize epitopes on HPV16 (Ritti (donated by M. Muller, Heidelberg), HPV16 L1 (GenWay Biotech, San Diego, 
CA), H16.V5 (donated by N.D. Christensen), Mab885 (Millipore, Billerica, MA)) and HPV18 (HPV18 L1 
(GenWay Biotech, San Diego, CA)). MAbs were tested in a 1/100 dilution for HPV16 L1, 1/1000 dilution for 
Ritti, Mab885 and HPV18 L1, and in a 1/10,000 dilution for H16.V5. All mAbs recognized conformational 
epitopes except Mab885, which recognized a linear epitope. The cut-off values for the MIA were determined 
using the one-sided 99% prediction interval (PI) method as described by Frey et al [17].

Statistical analysis 
Data analyses were conducted using SAS version 9.2 and GraphPad Prism version 4.0.3. Seroprevalences 
were calculated for different age-cohorts and weighted. Weights were determined proportional to the refer-
ence population (Dutch population, 1st January 2007) taking into account sex, age, ethnic origin and ur-
banization degree. Associations between HPV seropositivity in individuals older than 14 years of age and 
sample characteristics including sex, ethnic origin, marital status, kind of partner, education level, socio-
economic status, age of sexual debut, condom use and number of partners in the last six months and re-
ported a history of STI were tested in a multivariate logistic regression analysis. Through a backward 
selection variables that were not statistically significant (p < 0.05, using the Wald statistic) were removed 
from the model. The model was also applied to analyze interactions with gender. Significance (p < 0.05) for 
combinations of HPV seropositivity was calculated using the Chi-square test and for comparisons between 
log-transformed antibody concentrations an unpaired t-test was used. 
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RESULTS

Characteristics of the total study sample
Samples from the pre-HPV vaccination period were collected between February 2006 and June 2007, a me-
dian of 2.8 years before the introduction of HPV vaccination in The Netherlands in March 2010. 
Participants were 0-79 years of age. In this study 54% of the participants were female (n = 3473) and 46% 
were male (n = 2911). 

MFI-background
HPV type Monoclonal Dilution HPV16 HPV18 HPV31 HPV33 HPV45 HPV52 HPV58
HPV16 Ritti, C 1000 24114 28 2 -2 9 16 -1

HPV16 L1, C 100 18978 1 -4 -3 0 3 1
H16.V5, C 10000 24553 19 7 0 6 7 1
Mab885, L 1000 9394 1670 7124 1067 1127 1235 3449

HPV18 HPV18 L1, C 1000 7 25290 9 -2 52 24 2
Results are given as MFI units. C = Conformational epitope. L =Linear epitope.

 Table 1. Reactivity of HPV monoclonal antibodies in the VLP based multiplex immunoassay for HPV16 and 18.

Figure 1. Comparison of seroprevalence of the MIA and cLIA for HPV16 (light grey dots) and HPV18 (black dots). Horizontal lines 
indicate the cut-off values of the MIA (9 and 13 LU/ml for HPV16 (light grey line) and HPV18 (black line), respectively) and vertical 
lines indicate the cut-off values of the cLIA (20 and 24 mM units for HPV16 (light grey line) and 18 (black line), respectively).

HPV-MIA characteristics and cut-off values
The mean coefficient of variation (CV) for the intra-assay plate-to-plate variation and variation within a 
plate was 8% and 7%, respectively, while the inter-assay variation, performed on different days, had a mean 
CV of 12%. The reproducibility of the assay was tested on four different days by two technicians for all seven 
HPV types and the correlation (R2) for HPV serotypes 16, 18, 31, 33, 45 and 58 was 0.99 and for HPV type 52 
0.97 (data not shown). All four mAbs that recognize conformational epitopes reacted in a monospecific 
manner, while mAb 885 that recognize a linear epitope reacted with all tested HPV-VLPs (Table 1).  
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Figure 2. Total HPV seroprevalence and seroprevalence of seven high-risk HPV types in the Netherlands among males (white bars), 
females (light grey bars), and overall (dark grey bars). Error bars indicate 95% confidence intervals.
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The cut-off value was determined using data from the most likely negative cohorts from the serosurveil-
lance study: children between 1 and 10 years of age (n = 859).  No significant differences in antibody concen-
trations and in number of seropositives were found among boys and girls. The cut-off was assessed as 
having anti-HPV concentrations of 9, 13, 27, 11, 19, 14, and 31 LU/ml for HPV types 16, 18, 31, 33, 45, 52, and 58, 
respectively. We could compare the cut-off levels from the MIA with the values of the competitive luminex 
immunoassay (cLIA) [15] for HPV16 and 18 using data (n = 637) of women aged 11-26 years who were tested 
in both assays [13]. Of this subset 96.4% and 97.0% of the MIA results were in concordance with the cLIA for 
HPV16 and 18, respectively. For 3.6% and 3.0% of the sera the MIA was seropositive and the cLIA seronega-
tive for HPV16 and 18, respectively (Figure 1).

HPV seroprevalence in The Netherlands
The overall seroprevalence for individuals 0-79 years of age for any of the seven HPV-types amounted to 
17.7% and was 16.0% for men and 19.4% for women.  As expected reflecting the median age of sexual debut, a 
higher seroprevalence (step-up) was observed in the age cohort of 15-19 years and 20-24 years compared to 
the younger age-cohorts. This step-up in seroprevalence during adolescence is most pronounced for HPV16 
in women (4.3% up to 14.1%), but is less clear for the other six HPV serotypes (Figure 2). 
 Among the middle aged and elderly cohorts seroprevalences for all seven HPV serotypes between female 
and male sexes were not significantly different. However, in the overall seroprevalence a declining trend 
could be observed from 50 years onwards (p = 0.0125). 
 As expected, lower seroprevalences were detected in children 1-9 years of age compared to cohorts of 
older age for all seven HPV serotypes. The highest seroprevalences (up to 4.2%) were found for HPV16 and 
18 in these children, while for the other HPV types the seroprevalence remained below 3.5%. For HPV16, 33, 
45, 52 and 58 occasional seropositivity (24 of the 346) was observed in the infants (0 years of age) and 16 of 
the 24 seropositive infants were 0-6 months of age. 

Seropositivity (%, 95%CI)
Overall Males Females

HPV16 and 18 4.7 (4.1-5.3) 5.7 (4.9-6.6) 3.6 (2.9-4.4)
HPV16 or 18 8.3 (7.3-9.2) 6.3 (5.1-7.5) 10.2 (8.8-11.6)
HPV16 and/or 18 13.0 (11.8-14.1) 12.0 (10.6-13.5) 13.8 (12.1-15.5)
Positive for 1 or more HPV types 22.8 (21.3-24.2) 20.3 (18.4-22.1) 25.2 (23.1-27.3)
Positive for 2 or more HPV types 10.1 (9.2-11.0) 9.8 (8.8-10.8) 10.4 (9.1-11.7)
Positive for 7 HPV types 0.4 (0.2-0.7) 0.6 (0.2-0.9) 0.3 (0.1-0.5)
CI= Con dence Interval.

Table 2. Seropositivity for HPV combinations in The Netherlands (n = 4223) of individuals older than 14 years of age.

Focusing on participants older than 14 years of age we found an overall seroprevalence of 22.8%. The sero-
prevalence was significantly higher among women (25.2%) compared to men (20.3%) (p = 0.0002). The prev-
alence of HPV16 and/or 18 was 13%. A combination of antibodies to both HPV16 and HPV18 was found in 
4.7% of the participants older than 14 years of age (Table 2). This percentage was significantly lower among 
women (3.6%) compared to men (5.7%) (p < 0.0001).  While in contrast seropositivity for HPV16 or HPV18 
was significantly higher in women (10.2%) compared to men (6.3%) (p < 0.0001). Seropositivity for two or 
more HPV types occurred in 10.1% of the individuals older than 14 years of age. Seropositivity for all seven 
HPV types was found in 0.3% of the women and 0.6% of the men older than 14 years of age. 
 The most prevalent HPV serotype among participants older than 14 years of age was HPV16 (Table 3), 
followed by HPV serotypes 45, 18, 33 and 52. Less prevalent were antibodies against HPV serotypes 58 and 31. 



 77

Chapter 5

5

Figure 3. Antibody concentrations (LU/ml) of A. HPV16 and B. HPV18 in The Netherlands for individuals 0-79 years of age. The 
grey line indicates the cut-off value. Statistical significance is calculated by using an unpaired t-test of log-transformed data. A. 
1-9 age cohorts versus 20-24 age cohort p < 0.0001. B. 1-9 age cohorts versus 20-24 age cohort p < 0.0001. The age cohorts 1-9 years 
were significantly different compared to the age cohorts 20-79 years, but statistical significances are not shown. 
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Category
Total study 
population Sero-conversion Full model

Model a er 
backward 
selection

Demography N n % (n/N) OR (95% CI) OR (95% CI)
Total 4472 1057 24
Age

15-19 298 41 14 Ref Ref
20-24 364 82 23 1.7 (1.1-2.7) 1.8 (1.2-2.7)
25-30 348 73 21 1.8 (1.1-2.9) 1.8 (1.2-2.9)
31-39 715 175 24 2.5 (1.6-3.9) 2.6 (1.7-4.0)
40-49 641 183 29 3.5 (2.2-5.5) 3.6 (2.3-5.6)
50-59 714 190 27 3.1 (2.0-4.9) 3.1 (2.0-4.9)
60-69 799 186 23 3.1 (2.0-4.9) 3.0 (2.0-4.8)
>69 593 127 21 3.2 (2.0-5.2) 3.1 (2.0-4.9)

Sex
Male 1937 409 21 Ref Ref
Female 2535 648 26 1.3 (1.1-1.5) 1.3 (1.1-1.5)

Ethnicity
Indigenous Dutch 3659 800 22 Ref Ref
First generation 378 120 32 1.6 (1.2-2.1) 1.6 (1.3-2.0)
Second generation 269 65 24 1.2 (0.9-1.5) 1.1 (0.8-1.5)
First generation SAN* 130 59 45 2.6 (1.8-3.8) 2.5 (1.7-3.7)
Second generation SAN 36 13 36 2.0 (1.0-4.0) 2.0 (1.0-3.9)

Education
Low 522 130 25 1.1 (0.9-1.5) NS
Middle 2713 617 23 Ref
High 1163 287 25 1.1 (0.9-1.3)

Social economic status
Low 2097 483 23 1.0 (0.8-1.3) NS
Middle 727 185 25 Ref
High 722 166 23 1.0 (0.8-1.2)

Marital status
Married 2547 560 22 Ref Ref
Living together 469 140 30 1.8 (1.4-2.3) 1.8 (1.4-2.3)
Not married 909 203 22 1.5 (1.1-2.1) 1.6 (1.2-2.0)
Divorced 240 84 35 1.5 (1.1-2.2) 1.6 (1.2-2.1)
Widow 227 41 18 0.7 (0.4-1.0) 0.7 (0.5-1.0)

Partner
No partner 831 188 23 Ref NS
Steady partner 3270 759 23 0.9 (0.7-1.3)
Casual partner 118 38 32 1.6 (0.9-2.6)
Steady and casual partner 179 46 26 1.1 (0.7-1.8)

Sexual risk factors
Age of sexual debut

<17 687 180 26 Ref Ref
17-19 1251 326 26 1.0 (0.8-1.2) 1.0 (0.8-1.2)
>19 1307 265 20 0.7 (0.6-1.0) 0.7 (0.6-0.9)

Number of partners <6 months
0 662 157 24 Ref Ref
1 2672 643 24 1.1 (0.8-1.5) 1.2 (0.9-1.5)
>1 116 33 28 1.0 (0.5-1.7) 1.3 (0.8-2.0)

Condom use last sexual intercourse
No 349 78 22 Ref NS
Yes 2435 595 24 1.1 (0.8-1.5)

Ever had STI
No 3647 828 23 Ref Ref
Yes 212 76 36 1.5 (1.1-2.0) 1.5 (1.1-2.0)

* Surinamese, Aruban and Dutch Antillean migrants. NS = not signi cant. CI =Con dence Interval.

 Table 4a. HPV seropositivity by demographic and sexual risk factors of individuals older than 14 years of age.
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Category
Total study population Sero-conversion Full model

Model a�er 
backward 
selection

Demography N n % (n/N) OR (95% CI) OR (95% CI)
Marital status
Females

Married 1355 295 22 Ref Ref
Living together 284 91 32 2.0 (1.5-2.8) 2.0 (1.5-2.8)
Not married 511 146 29 2.3 (1.5-3.5) 2.3 (1.5-3.7)
Divorced 168 72 43 2.3 (1.5-3.7) 2.3 (1.5-3.7)
Widow 172 30 17 0.7 (0.4-1.2) 0.7 (0.4-1.2)

Males
Married 1192 265 22 Ref Ref
Living together 185 49 26 1.6 (1.1-2.3) 1.6 (1.1-2.3)
Not married 398 57 14 0.8 (0.5-1.5) 0.8 (0.4-1.5)
Divorced 72 12 17 0.6 (0.3-1.3) 0.6 (0.3-1.3)
Widow 55 11 20 0.9 (0.4-2.0) 0.9 (0.4-1.9)

CI = Con�dence Interval.

 Table 4b. Gender specific HPV seropositivity by marital status of individuals older than 14 years of age.

Antibody concentrations
The antibody concentrations for HPV16 and HPV18 were significantly lower in children (1-9 years of age) 
than in the age cohorts of 20-79 years of age. Of all seropositive children more than half showed antibody 
concentrations within 2 times the standard deviation of the cut-off values for HPV16 and 18 (Figure 3) and 
similar results were found for the other hr-HPV serotypes. In the middle aged and elderly cohorts antibody 
concentrations remained relatively constant and were comparable with those found in the age cohort of 
20-24 years. 

Risk factors
HPV seropositivity for at least one of the tested seven HPV types was significantly associated with sex, eth-
nicity, marital status, having a casual partner, age of sexual debut and reported a history of STI (Table 4A). 
Female sex was associated with a higher risk of HPV seropositivity for at least one of the seven HPV types. 
HPV seropositivity was significantly higher for migrants from Suriname, Aruba, and the Dutch Antilles 
and for first generation migrants. Also marital status, i.e. not married, living together, and divorced were 
associated with an increased risk for HPV seropositivity compared to married individuals. In contrast, wid-
owed individuals were associated with a decreased risk for HPV seropositivity. Educational level, socio-eco-
nomic status, condom use and number of partners in the last six months were not found to be significantly 
associated with HPV seropositivity. Marital status was the only variable showing a significant difference be-
tween male and female sexes (Table 4B). Women who were living together, not married or divorced were as-
sociated with a higher risk of HPV seropositivity. Both widowed men and women showed a decreased risk 
of HPV seropositivity. 

DISCUSSION

Here we describe the cross-sectional seroprevalence of antibodies to hr-HPV types 16, 18, 31, 33, 45, 52, and 
58 in a pre-vaccination era in women, men and children in The Netherlands. We found a step-up in the 
overall seroprevalence for any HPV serotype in the age cohorts of 15-19 to 20-24 years. This step-up was 
most pronounced for HPV16 and less clear for the other HPV serotypes. A decreasing trend was observed in 
the seroprevalence from 50 years onwards. The overall seroprevalence was highest for women.  HPV16 was 
the most prevalent HPV type among men and women and in 10.1% of the individuals older than 14 years of 
age, seropositivity for multiple HPV types was found.
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Seroprevalences
Besides two other studies, information about the HPV seroprevalence in The Netherlands is scarce [12,13]. 
This is the first study in which the HPV seroprevalence is estimated in a population representative for The 
Netherlands. By means of a cross-sectional population-based study, a large serum bank representative for 
the general population in The Netherlands was available. We were able to estimate the HPV seroprevalence 
in individuals 0-79 years of age in the time period before the implementation of the HPV vaccine in the na-
tional immunization program. This study provided insight in the distribution of high-risk HPV types in 
the Dutch population and the associated risk factors. 
 As nearly all genital HPV infections are sexually transmitted, the step-up in seroprevalence is expected 
around puberty reflecting the start of sexual activity. This was most pronounced in women. This step-up in 
seropositivity during adolescence has been described for HPV16 and 18 [7-9,18], but limited serological data 
are available for other hr-HPV serotypes. As reported earlier the seroprevalence among women was higher 
compared to men [8,19]. However, the percentages found for men were lower in comparison to other stud-
ies, while the seroprevalences among women were comparable. In a seroprevalence study in Amsterdam in 
specific age cohorts (17-90 years) and with the use of a different serological assay, they also found higher se-
roprevalences in women compared to men [12].
 The decreasing trend starting from 50 year onwards might be related to a cohort effect. Older individuals 
might have had fewer sexual partners compared to younger individuals because of changing patterns of 
sexual behavior over time [20]. Waning antibodies might also explain the decline in antibody levels but the 
HPV humoral response is considered to be relatively stable over time [10].
 One might not expect antibodies against HPV to be found in young children considering the improba-
bility of having sexual activities at these young ages. In most studies low HPV16 seroprevalences in children 
up to 9 years of age are reported (1.5-7.6%) [21,22] in line with our findings.  Antibody concentrations were 
significantly lower in children compared to adults, indicating limited exposure to the hr-HPV types before 
adolescence. The observed seroprevalences in the infants (0-6 months of age) could be due to maternal IgG 
antibodies that wane within a few months after birth [22,23]. Besides transmission of HPV by direct contact 
during sexual activities, other routes of transmission have been suggested as HPV can be present in the oral 
mucosa, tonsils and fingers and vertical and horizontal transmission could result in the presence of HPV 
antibodies in children and infants [22,24, 25].
 Although it is possible to be infected with multiple HPV types, resulting in the observed multi-seroposi-
tivity in 10.1% of the study population, cross-reactivity of HPV specific antibodies should also be taken into 
account. The HPV types tested are phylogenetically related and belong to clade α7 (HPV18 and 45) or α9 
(HPV16, 31, 33, 52 and 58) making cross-reactivity of antibodies certainly conceivable. However, specific in-
teractions for HPV types within a clade were not more often found than for HPV types of different clades 
probably due to a high homology of 60-70% of the nucleotide sequence of the L1 gene between clades of the 
alpha genus [26]. 
 HPV16 is most predominant worldwide with differences in distribution of the other HPV types between 
the continents [27]. In Germany, HPV16 antibodies were also found to be the most dominant HPV type fol-
lowed by HPV18 [9]. In our study, HPV16 antibody incidences were also highest, however, small differences 
in the distribution of the other HPV serotypes were found. Only for marital status female sex had a higher 
risk of being seropositive. Behavioral factors associated with HPV seropositivity were similar as those re-
ported earlier [18,28] and confirm that ethnicity, marital status, type of partner and history of STI are asso-
ciated with the risk for HPV seroprevalence. Studies among men indicate that hr-HPV types are very 
common among men and HPV infections in men are strongly associated with anal and penile cancers [29]. 
Because women are currently vaccinated against HPV16 and 18, herd immunity can play a roll in the future 
in reducing the incidence of HPV infection in men [30]. Moreover, most women, older than 14 years of age, 
are HPV seronegative and could therefore also benefit from the HPV16/18 vaccination.
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Immunoassay
Several immunoassays for the detection of HPV specific antibodies are available [9,15,16, 31]. Most assays are 
developed by the vaccine industry [15,16,31] and used in vaccine trails. These assays are suggested to be use-
ful for the detection of antibodies in natural infections. However, the usefulness of these assays in natural 
infections can be discussed as serum antibody concentrations derived after natural infections are much 
lower, making the distinction between seronegative and seropositive complicated. We found our MIA 
highly reproducible and type specific for HPV16 and HPV18. It was based upon the VLP ELISA [31], which 
showed a high percentage of concordance with the cLIA. But as expected, in our direct MIA we found more 
seropositive individuals compared to the cLIA. This could be due to the fact that the competitive luminex 
assay uses HPV specific mAbs that compete with the HPV specific serum antibodies, thereby measuring 
mainly high affinity antibodies directed towards one epitope while the MIA detects all antibodies directed 
against the VLPs. Comparisons between different HPV seroprevalence studies are hindered due to the use 
of different assays and, most importantly, the different cut-off definitions [9,15,16,31]. Currently, only a 
WHO HPV standard reference serum for serotype 16 is available which contains a low antibody concentra-
tion. Therefore this reference standard is not suitable for vaccine studies and can hardly be used in sero-
prevalence studies of non-vaccinated populations/cohorts. The development of a common standard 
reference serum positive for multiple HPV types would facilitate international comparisons. 
 A possible limitation of this study is the response rate of 32% although the rate is acceptable for popula-
tion-based studies. The number of participants in this study was high (n = 6384) but to minimize the bias in 
seroprevalences and associations with risk factors data were weighted taking into account age, ethnic origin 
and urbanization degree.  A second limitation is that sexual behavior was self-reported and this might have 
led to a reporting bias due to reluctance to disclose information about sexual behavior in this study popula-
tion. Questions not included in this questionnaire, such as lifetime number of sexual partners, could have 
been a better predictor of HPV seropositivity. In general, seroprevalence studies may underestimate the rate 
of HPV infections as not all HPV infected individuals develop a measurable HPV antibody response [32]. 

In summary, our study provides information about the seroepidemiology of seven hr-HPV types in The 
Netherlands. The HPV vaccination program is targeted at preadolescents as is justified by the results in this 
study in which a step-up in HPV seroprevalence is observed at ages of sexual debut. Direct interpretation of 
the frequency of infection is hampered by cross-reactivity as well as seroconversion rate. Despite this, sero-
prevalences in the pre-vaccine era can be used as baseline to evaluate long-term population effects of 
HPV16/18 vaccination such as effect of vaccination on virus circulation in both women and men. Further 
studies in measurement of immune responses and interpretation of serological data are needed to make full 
advantage of this tool used for the monitoring HPV-vaccination programmes.
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ABSTRACT

Objective: This study evaluates trends in antibody seroprevalences of seven high-risk human papillomavi-
rus (hr-HPV) serotypes (HPV16, 18, 31, 33, 45, 52, and 58) between the 1995-96 and 2006-07 sero-surveys 
among the Dutch general population in the pre-vaccination era. 
Methods: Serum samples of men and women (0-79 years of age) from two cross-sectional population-based 
serosurveillance studies performed in 1995-96 (n=3303) and 2006-07 (n=6384) were tested for HPV-specific 
antibodies in a VLP-based multiplex immunoassay.
Results: HPV16-specific antibody seroprevalence increased during adolescence and shifted to younger ages 
in the 2006-07 survey compared to the 1995-96 survey. This step-up in HPV16 seroprevalence was most pro-
nounced in women, while a more gradual increase was observed in men. Also in cohorts older than 49 
years, HPV16 seroprevalence was higher in 2006-07 as compared to 1995-96 survey. A higher overall sero-
prevalence in individuals older than 15 years of age was found for HPV16, 18, 31 and 45 in 2006-07 as com-
pared to 1995-96. For HPV33, 52 and 58 seroprevalences were comparable over this 11-year time period. 
Seropositivity for one or more HPV types was significantly higher in 2006-07 (23.1%) than in 1995-96 
(20.0%) (p=0.013). Multi-seropositivity increased from 7.1% in 1995-96 up to 10.2% in 2006-07 (p<0.0001). 
Differences in HPV seropositivity for at least one of the seven HPV types between both surveys could be ex-
plained in addition to demographic characteristics (age, sex, urbanization degree and ethnicity), also by 
changes in sexual behaviour (marital status, age of sexual debut and ever reported an STI).
Conclusion: The observed increase in particular HPV16 seroprevalence could be due to changes in sexual 
behaviour over the years, and especially in age of sexual debut. Seroprevalence studies provide insight into 
the distribution of HPV types and infection dynamics in the general population over time, which is impor-
tant to assess the impact of HPV-vaccination.
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INTRODUCTION

Human papillomavirus (HPV) consists of a large family of more than 120 HPV genotypes of which 40 
types are oncogenic [1]. These oncogenic HPV types can cause cervical cancer, other genital related cancers 
and oro-pharyngeal cancers. HPV infections are the major cause of cervical cancer and in 99.7% of the 
cases HPV DNA can be identified [2]. The two most important oncogenic HPV genotypes detected in cervi-
cal cancer are HPV16 and 18 [3]. 
 HPV is a sexually transmitted virus and the highest HPV antibody seroprevalence is found among indi-
viduals 20-40 years of age with a decreasing seroprevalence in elderly [4,5]. Age-related trends in seropreva-
lence might be due to HPV incidence, cohort effects and waning of detectable antibody levels [4]. Women 
were found HPV seropositive more often than men [4,6,7]. Infections in men often involve keratinized epithe-
lium that may be less likely to induce a humoral immune response than infection of mucosal epithelium [7].
 Because HPV-specific antibodies are not often observed in transient infections, seroconversion is more 
strongly associated with persistent HPV infections [8,9]. Measurable HPV-specific antibody responses in 
serum develop in approximately 50-70% of individuals infected with HPV, probably due to the fact that 
HPV is able to evade the host immune system [10,11]. Serological HPV responses are a measure of past HPV 
exposure as in naturally infected individuals HPV antibody concentrations persist for many years [12,13].  
 Currently, comparisons between studies on trends in serological hr-HPV prevalence over time are lim-
ited because most studies are focused on DNA prevalence or incidence of cervical intraepithelial neoplasia 
(CIN) in women [14-17]. We have examined changes in antibody seroprevalence between 1995-96 and 2006-
07 surveys in men and women in The Netherlands for HPV serotypes 16, 18, 31, 33, 45, 52, and 58. These data 
will provide more information about the number of HPV exposures over time and possible changes in HPV 
serotypes within this time period. In addition, these data serves as a baseline before the implementation of 
the HPV vaccine in the Dutch national immunization program in 2010 and are thus valuable in assessing 
the impact of the HPV vaccination program on a population level.  

METHODS

Ethics statement
The study proposal was approved by the Medical Ethics Testing Committee of the foundation of thera-
peutic evaluation of medicines (METC-STEG) in Almere, The Netherlands (clinical trial number: 
ISRCTN 20164309). A written informed consent was obtained from all participants and for those 
below 18 years of age also from the parents, care takers or guardians.  

Study populations
In The Netherlands, serum samples from two cross-sectional population-based serosurveillance stud-
ies performed from October 1995 to December 1996 and from February 2006 to June 2007 were availa-
ble. Participants, women, men and children, of both studies were 0-79 years of age. The participation 
rates for the 1995-96 and 2006-07 surveys were 55% and 32%, respectively. Study designs have been de-
scribed earlier [18,19]. Briefly, the participants were asked to fill in a questionnaire and to provide a 
blood sample. Both questionnaires included data for instance on demographic characteristics, ethnic-
ity (first and second generation migrants), vaccination history and sexual behaviour. The question-
naire used in 1995-96 was extended in the 2006-07 survey with more questions about sexual behaviour 
and migrants. Information related to sexual behaviour was only available from participants older than 
15 years of age in the 1995-96 study and from participants older than 14 years of age in the 2006-07 
study. 
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Serological measurements
Serum samples of both surveys were stored at -80 oC until analysis. For the measurement of HPV-specific 
IgG serum antibodies against L1 virus-like-particles (VLP) of HPV16, 18, 31, 33, 45, 52, and 58,  
a VLP-based multiplex immunoassay (MIA) was used as previously described [20]. GSK (GlaxoSmithKline 
Biologicals S.A., Rixensart, Belgium) kindly supplied the HPV-VLPs. Briefly, VLPs were conjugated to 
seven distinct fluorescent microspheres via amine coupling. Serum samples were 1/50 diluted and incubated 
with the VLP-coupled microspheres. HPV-specific IgG serum antibodies were detected using a secondary 
goat anti-human phycoerythrin-labelled antibody. Four in-house control sera and an in-house standard 
were used on each plate. The in-house standard (IVIG, lot LE12H227AF, Baxter) was calibrated against ref-
erence serum of GSK for all the seven HPV types. HPV-specific IgG antibodies were analyzed using the 
Bioplex system 200 with Bioplex software (Bio-Rad Laboratories, Hercules, CA). Samples were assumed to 
be seropositive above cut-offs determined previously with this assay: 9, 13, 27, 11, 19, 14, and 31 Luminex 
Units/ml (LU/ml) for HPV16, 18, 31, 33, 45, 52, and 58, respectively. 

Statistical analysis
Data analyses were conducted using SAS version 9.2 and Graphpad version 5.0. Age-specific seroprevalences 
were calculated and weighted. Weights (sex, age, ethnic origin and urbanization degree) for the 1995-96 sur-
vey were determined proportional to the Dutch reference population on January 1st 1996 and for the 2006-
07 survey on January 1st 2007. 
 To test whether any trends could be explained by differences in risk factors between the two serosurveys 
we performed a logistic regression analysis on a pooled dataset of both surveys for individuals older than 15 
years of age. Only persons with information about all risk variables were included in the analyses (74%). We 
included the following variables: age, sex, urbanization degree, ethnicity, marital status and sexual behav-
iour. Besides odds ratios, we calculated unadjusted and adjusted probabilities and converted these to per-
centages [21] to show the actual reduction in seroprevalence between both surveys. We compared 
unadjusted HPV seroprevalences (study parameter) with seroprevalences adjusted for demographic charac-
teristics (age, sex, urbanization degree and ethnicity) and then demographic characteristics with sexual risk 
behaviour (marital status, age of sexual debut and a self-reported history of sexual transmittable infections 
(STI). The risk factor analysis was carried out for combined HPV seropositivity, in which the risk factor 
analysis included data on seropositivity for at lease one of the seven HPV types. In addition, the risk factor 
analysis was assessed for seropositivity of each HPV type separately. 
 Statistically significant differences (p<0.05) for HPV combinations or HPV seroprevalences were ana-
lyzed using a Chi-square test and differences between antibody concentrations of seropositive individuals 
were analyzed using a Mann-Whitney test. 

RESULTS

Characteristics of the serosurveillance studies
We tested 3303 serum samples from the 1995-96 survey (48% men and 52% women and 6384 samples from 
the 2006-07 survey (46% men and 54% women). In the 1995-96 survey the cohorts older than 15 years of age 
contained more individuals with the Dutch nationality, were married and less self-reported history of STI 
(Table 1). The mean age of sexual debut in persons younger than 26 years was higher in the 1995-96 survey 
(17.5 years, SD 17.1-17.9) as compared to the 2006-07 survey (16.9 years, SD 16.6-17.2). In both surveys women 
were younger at first sexual intercourse (1995-96: 17.2 years, SD: 16.7-17.6, 2006-07: 16.6 years, SD: 16.3-16.8) 
than men (1995-96: 17.9 years, SD: 17.5-18.5, 2006-07: 17.3 years, SD: 16.7-17.8). 
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1995-96 survey 2006-07 survey
Variable N (%) N (%) P-value
Age    
 16-19 103 (5) 160 (4) 0.0425
 20-24 188 (9) 364 (8)  
 25-29 193 (9) 348 (8)  
 30-39 364 (17) 715 (17)  
 40-49 330 (15) 641 (15)  
 50-59 382 (17) 714 (16)  
 60-69 333 (15) 799 (18)  
 >70 295 (13) 593 (14)  
Sex    
 Male 996 (46) 1864 (43) 0.0535
 Female 1192 (54) 2470 (57)  
Ethnicity    
 Dutch 1988 (91) 3544 (82) <0.0001
 First generation migrants 94 (4) 498 (11)  
 Second gen. migrants 106 (5) 292 (7)  
Marital status    
 Married 1372 (63) 2547 (59) <0.0001
 Living together 180 (8) 469 (11)  
 Not married 406 (19) 851 (20)  
 Divorced 88 (4) 240 (6)  
 Widow 142 (6) 227 (5)  
Ever had sexual intercourse    
 No 107 (5) 177 (4) 0.0531
 Yes 1898 (95) 4001 (96)  
Number of sex partners last 12 months last 6 months  
 0 370 (19) 662 (19) N/A
 1-2 1506 (79) 2736 (80)  
 >2 26 (1) 20 (1)  
Age at rst sexual intercourse    
 <17 236 (15) 677 (21) <0.0001
 17-19 575 (36) 1251 (39)  
 >19 789 (49) 1307 (40)  
 Mean (SD), years* 17.5 (17.1-17.9) 16.9 (16.6-17.2)  
Ever had STI    
 no 1821 (98) 3612 (94) <0.0001
 yes 39 (2) 211 (6)  

Table 1 Study characteristics of the 1995-96 and 2006-07 survey of individuals older than 15 years of age.
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Figure 1. Trends in antibody seroprevalence. Total seroprevalence for any HPV serotype and overall seroprevalence for the seven 
hr-HPV serotypes tested between the 1995-96 (dark grey) and 2006-07 (light grey) surveys. 
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Table 2. Overall antibody 
seroprevalences of seven 
hr-HPV serotypes of 
individuals older than 15 
years of age in the 1995 and 
2006-07 survey. 

1995-96 2006-07
% (95%CI) % (95%CI) p-value

Clade α9      
HPV16 6.6 (5.5-7.6) 11.5 (10.4-12.5) <0.0001
HPV31 1.3 (0.7-1.8) 3.0 (2.3-3.6) <0.0001
HPV33 5.5 (4.4-6.5) 6.3 (5.5-7.1) 0.205
HPV52 6.9 (5.8-8.0) 6.3 (5.6-6.9) 0.330
HPV58 4.3 (3.2-5.4) 4.1 (3.5-4.8) 0.768
Clade α7      
HPV18 4.8 (3.7-5.8) 6.4 (5.6-7.2) 0.015
HPV45 5.0 (3.8-6.2) 7.2 (6.2-8.2) 0.006

Figure 2. Comparison of trends in HPV16 antibody seroprevalence. Seroprevalence among women (A) and men (B) in the 1995-96 
(dark grey) and 2006-07 (light grey) surveys.
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Comparison of HPV antibody seroprevalences in 1995-96 and 2006-07
The total age-specific antibody seroprevalence for any HPV type started to increase in the cohort of 15-19 
years up to 30-39 years in 1995-96 and to 40-49 years in 2006-07 (Figure 1). In the older age groups (>49 
years) a significant HPV-specific decreasing trend was observed in 2006-07 (p=0.013). Nevertheless, a 
higher total HPV seroprevalence was observed in 2006-07 compared with 1995-96 for individuals older 
than 40 years of age. In addition, a gradual rise in total HPV seroprevalence was observed from birth up to 
the age cohorts of 15-19 years. HPV16 seroprevalence was higher in 2006-07 as compared to 1995-96 in all 
age groups. Interestingly, a clear step-up in HPV16 seroprevalence was observed among the adolescent/
young adult cohorts, which occurred at an earlier age in 2006-07 (age cohort 15-19 years) compared with 
1995-96 (age cohort 20-24 years) (Figure 2A). This step-up in HPV16 seroprevalence was most pronounced 
in women, while a more gradual increase with age in HPV16 seroprevalence was found in men in both sur-
veys (Figure 2B). For the other 6 HPV types also a more gradual increase in age-specific seroprevalence was 
observed with highest seroprevalences in individuals aged 30-59 years (Figure 1). For HPV33 and 45 higher 
age-specific seroprevalences were found in 2006-07 compared with 1995-96 while HPV52 was slightly 
higher in the 1995-96 survey.
 Focusing on individuals older than 15 years of age, the most prevalent HPV-specific antibodies in 2006-
07 were directed against HPV16 (11.5%) followed by HPV45 (7.2%), while in 1995-96 antibodies against 
HPV52 (6.9%) and HPV16 (6.6%) were most prevalent (Table 2). In 2006-07, significantly higher overall sero-
prevalences were found for HPV serotypes 16 (p<0.0001), 18 (p=0.015), 31 (p=<0.0001) and 45 (p=0.006) 
compared with 1995-96, while for the other three HPV serotypes (33, 52 and 58) seroprevalences were com-
parable. A combination of HPV16 and/or HPV18 seropositivity was also higher in 2006-07 (13.2%) than in 
1995-96 (9.6%) (p<0.0001) (Table 3). Moreover, the percentage of individuals who were seropositive for one 
or more HPV types was higher in 2006-07 (23.1%) than in 1995-96 (20%) (p=0.013). Also seropositivity for ≥2 
or ≥3 HPV types significantly increased from 7.1% or 3.4% in 1995-96 to 10.2% or 5.1% in 2006-07 (p<0.0001, 
p=0.002), respectively. Only a small percentage of individuals (1.9% in 1995-96 and 3.0% in 2006-07 survey) 
was seropositive for ≥4 HPV serotypes in both surveys gradually decreasing to 0.2% in the 1995-96 survey 
and 0.4% in the 2006-07 survey for 7 HPV types. 

HPV type-specific antibody concentrations among seropositive individuals
Although a higher HPV16 seroprevalence was found in 2006-07 compared with 1995-96, the age-specific 
HPV16 geometric mean concentrations (GMCs) of seropositive individuals was comparable in all age co-
horts between both studies (Figure S1). For HPV18, higher GMCs were found in 2006-07 as compared to 
1995-96 reaching significance in the age cohorts 1-4 years (p=0.02), 50-59 years (p=0.04), and 60-69 years 
(p=0.02). For HPV types 33, 45 and 52 significant higher GMCs were found in 2006-07 as compared to 1995-
96 for the age cohorts 1-4 years (HPV33, p=0.01), 40-49 years (HPV45, p=0.0004), 50-59 years (HPV33, 
p=0.04), 60-69 years (HPV52, p=0.001) and 70-79 years (HPV45, p=0.04). Comparable GMCs of seroposi-
tive individuals were found for HPV31 and 58 between 1995-96 and 2006-07 in all age-cohorts.

Table 3. Combinations 
of overall HPV antibody 
seropositivity of individuals 
older than 15 years of age 
in the 1995-96 and 2006-07 
survey.

1995-96 2006-07  
% (95%CI) % (95%CI) p-value

HPV16 and 18 2.3 (1.0-3.6) 4.7  (4.1-5.3) 0.186
HPV16 or 18 8.0 (6.7-9.2) 8.5 (7.5-9.4) 0.517
HPV16 and/or 18 9.6 (8.4-10.9) 13.2 (12.1-14.3) <0.0001
Positive ≥ 1 HPV types 20.0 (17.9-22.1) 23.1 (22.1-24.5) 0.013
Positive ≥ 2 HPV types 7.1 (6.1-8.1) 10.2  (9.3-11.1) <0.0001
Positive ≥ 3 HPV types 3.4 (2.6-4.2) 5.1 (4.3-6.0) 0.002
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Pooled risk factor analysis associated with HPV antibody seropositivity  
in the 1995-96 and 2006-07 surveys 
HPV seropositivity for at least one of the seven HPV types in individuals older than 15 years of age before 
adjustment of any variables was 20.7% in the 1995-96 study and 23.5% in the 2006-07 study (OR:1.2, 95%CI 
1.0-1.4). After pooling both surveys, adjustment of demographic characteristics (age, sex, urbanisation de-
gree and ethnicity) resulted in a smaller difference in HPV seroprevalence between the 1995-96 survey 
(21.0%) and 2006-07 (23.2%) survey (OR: 1.1, 95%CI 1.0-1.3). The difference between both surveys decreased 
even further with adjustments for demographic characteristics and sexual risk factors (marital status, age of 
sexual debut and a self-reported history of STI). The HPV seroprevalence of the 1995-96 survey (22.2%) and 
the 2006-07 survey (22.8%) only differed by 0.6% (OR: 1.0, 95%CI 0.9-1.2). 
 HPV types 16, 18, 31, and 45 showed a significant difference between the 1995-96 and 2006-07 survey be-
fore adjustment of any variables. The risk factor analysis for seropositivity of each HPV type separately was 
comparable with the risk factor analysis of combined HPV seropositivity (seropositive for at least one of the 
seven HPV types), in which a decrease in ORs after adjusting for demographic characteristics and sexual 
risk factors was observed. However, even after adjustment of demographic characteristics and sexual risk 
factors the difference for HPV16 (OR: 1.5, 95%CI 1.2-2.0) and HPV31 (OR: 1.7, 95%CI 1.1-2.7) between the two 
surveys remained statistically significant. 

DISCUSSION

Several observations from this study indicate that the situation on HPV incidence has changed in The 
Netherlands. First, the overall antibody seroprevalence of seven hr-HPV types has increased, in the age co-
horts older than 15 years of age,  3.1% in 2006-07 as compared to the serosurveillance study 11 years earlier 
due to a significant higher seroprevalence for HPV16, 18, 31 and 45.  Secondly, the clear-cut rise in HPV16 se-
roprevalence in particular women has shifted to younger aged cohorts (from 25-29 to 20-24 years). Finally, 
seropositivity for HPV16/18 combinations, for one or more types, and for multiple HPV serotypes has also 
significantly increased during the 11-year time interval. 
 Comparable HPV-specific antibody levels of seropositive individuals were observed between the 1995-96 
and 2006-07 survey, suggesting that factors involved in the generation of HPV-specific antibodies have not 
changed over time. The increase in HPV seroprevalence, particularly for HPV16, between the two time peri-
ods could be due to an increase in HPV infection and/or HPV circulation [22]. However, Kibur et al. did not 
found major differences in the age-specific HPV16 seroprevalence and incidence among Finnish primipa-
rous women between the 1980s and 1990s [23]. Interestingly, in the late 1990s HPV16 antibody seropreva-
lence increased in Finland especially in women up to 31 years of age [24]. In line with this, an increase in 
cervical cancer cases among women below 55 years of age was observed [25]. Also higher frequencies of 
multiple HPV infections, high-risk HPV infections and changes in the distribution of HPV types was ob-
served in women diagnosed with CIN over the period 1985-2007, with major changes over the last ten years 
[15]. A Danish study showed that HPV-associated anal cancers increased between 1998-2008, especially in 
women, while non-HPV associated cancers remained relatively constant [26]. In The Netherlands, an in-
crease in CIN3 lesions in the cervical screening registry has been observed since 2005. This increase in CIN3 
might be due to more HPV circulation, however, an effect of changing screening algorithms can not be 
ruled out [27,28]. 
 Over the years, higher population mobility in recent years, including immigration of populations who 
are at higher risk for HPV seropositivity and also changes in sexual behaviour, for instance a younger age of 
sexual debut and more sexual partners, increased the risk of STI [29]. These findings are supported by our 
data in which the group of immigrants was larger in the 2006-07 survey than in the 1995-96 survey. Our 
pooled risk factor analysis in individuals older than 15 years of age confirmed that the increase in HPV se-
roprevalence over time could partially be explained, in addition to demographic characteristics, by changes 
in sexual behaviour between the two time periods. After adjustments of demographic characteristics the 
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differences in seroprevalence declines slightly, while a somewhat larger impact was found after adjustment 
for sexual behaviour. Then HPV seroprevalence between both studies differed only with 0.6%. The largest 
difference between both serosurveys was found for HPV16 and HPV31, indicating that these HPV types 
have increased in circulation. We cannot exclude that the observed difference was due to variation in selec-
tive participation rates between both surveys. However, national data on age of sexual debut are in agree- 
ment with our data. The median age of girls who were sexually active decreased from 18 years in 1995 to 16 
years in 2006 [30-32]. The observed shift in the rise in HPV16 seroprevalence to earlier age female cohorts in 
2006-07 compared with 1995-96 corresponds with these data. The HPV16 seroprevalence among women 
aged 15-24 years in the 2006-07 survey was comparable with a previous cross-sectional seroprevalence study 
among Brazilian primiparous women [33].
 The observed HPV seroprevalence in children might be due to vertical or horizontal transmission of HPV, 
as HPV is also transmittable without having sexual contact [20,34]. In addition, HPV-specific cross-reactive 
antibodies against HPV types not detected in our 7-valent VLP-MIA but with a high prevalence in children, 
e.g. cutaneous HPV types, might account for the observed HPV antibody seropositivity in children. 
 In older adults (65-74 years of age) sexual activity declines with age although 53% is still sexually active 
[35]. Interestingly, the higher HPV seroprevalences in elderly in 2006-07 compared with 1995-96 might be 
due to an increase in sexual activity among older aged individuals because of the development of new thera-
peutic interventions (i.e. Viagra) that can be used when having sexual problems, especially in men [36].  
Older women might be more vulnerable to STI because of post-menopausal changes. Post-menopausal 
changes can cause atrophy or thinning of mucosa with decreased lubrication that can result in small lesions 
of the cervix and facilitate the entry of pathogens when these women are sexually active [37]. An increase in 
STI of chlamydia, gonorrhoea, genital herpes, genital warts and infectious syphilis was noticed in the UK 
among older aged individuals over time [38] indicating the improved sexual activity in these age cohorts, 
which is in line with our findings. However, infections appearing later in life might represent the reactiva-
tion of latent HPV infection acquired many years earlier [39,40].
 The differences in the questionnaire used in both surveys were a limitation of our study. Because the 
questionnaire used in 1995-96 survey was extended for the 2006-07 survey, not all questions from the 2006-
07 survey matched with those from the 1995-96 survey. Questions that were not included in both question-
naires, such as lifetime number of sexual partners, could have been a better predictor of HPV seropositivity 
as Vaccarella et al. observed that this variable was associated with HPV16 and 18 seropositivity [41].  
Although response rates between both surveys were different, adjustments to the Dutch reference popula-
tion minimized the bias in seroprevalence and associations with risk variables. Furthermore, serum sam-
ples collected in the 1995-96 survey were stored for almost 15 years now at -80 ºC and this storage time could 
have affected the quality of the sera. Although we observed an increase in HPV-specific seroprevalence over 
time, HPV-specific antibody concentrations remained constant between 1995-96 and 2006-07 surveys. 
Moreover, if storage time had influenced the antibody levels one would expect this to find for all measured 
HPV types and not just for HPV16 and 31 alone of which the seroprevalence had increased between the 2 
surveys. Therefore, it is not likely that the storage time of the sera did influence the amount of HPV-specific 
antibodies measured and the observed trends in HPV seroprevalence over time are probably better attrib-
uted to changes in sexual behaviour and/or increased circulation of the specific HPV types. 
 To conclude, our data showed that HPV antibody seroprevalences in the general population have in-
creased in The Netherlands over an 11-year period. HPV16 seroprevalences among young women shifted to 
younger ages over time, probably due to changes in sexual behaviour over the years, in particular the age of 
sexual debut. Interestingly, the increase in HPV seropositivity in older aged individuals might be caused by 
a higher percentage of the older aged individuals who are now still sexually active and these age groups are 
thus more at risk for STI.  Serum antibody responses to HPV can persist over time, also after clearance of 
infection [12]. HPV antibody responses could therefore serve as a marker of cumulative HPV exposure that 
can be used to compare trends over time [22]. HPV seroprevalence studies, focusing on trends over time, 
can provide insight into the distribution of HPV types and infection dynamics and will be efficient in mon-
itoring the impact of HPV vaccination in the general population. 
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ABSTRACT

The effects of single or multiple concordant HPV infections at various anatomical sites on type-specific 
HPV seropositivity are currently unknown. In this cross-sectional study we assessed whether high-risk 
HPV infections at various anatomical sites (i.e., anal canal, penile shaft, and oral cavity), as well as concord-
ant infections at multiple anatomical sites, were associated with type-specific seropositivity in HIV-infected 
and HIV-negative MSM. 
 MSM aged ≥18 years were recruited in Amsterdam, the Netherlands (2010-2011). Baseline anal, penile, 
and oral samples were analyzed for HPV DNA and genotyped using a highly sensitive PCR and reverse line 
blot assay. Virus-like particle (VLP) based multiplex immunoassay was used to asses HPV-specific serum 
antibodies against L1 VLPs. The associations between HPV infections and type-specific seropositivity of 
seven high-risk HPV types (7-hrHPV: types 16, 18, 31, 33, 45, 52, 58) were estimated using logistic regression 
analyses with generalized estimating equations. We found that 86% of 306 HIV-infected MSM and 62% of 
441 HIV-negative MSM were seropositive for at least one 7-hrHPV type. 69% of HIV-infected and 41% of 
HIV-negative MSM were infected with at least one 7-hrHPV type at the anus, penis, or oral cavity. In multi-
variable analyses, 7-hrHPV seropositivity was associated with type-specific anal (and not penile) 7-hrHPV 
infection, and did not significantly increase with a higher number of infected anatomical sites. Oral 
7-hrHPV infection showed a positive, albeit non-significant, association with seropositivity. 
 In conclusion, seropositivity among MSM appears to be largely associated with anal HPV infection, irre-
spective of additionally infected anatomical sites.
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INTRODUCTION

Human papillomavirus (HPV) infection is one of the most common sexually transmitted infections world-
wide [1]. Persistent infection with high-risk HPV types is a leading cause of anogenital cancers and of a sub-
set of oropharyngeal cancers [2]. A high prevalence of anal, penile, and oral HPV infections has been 
observed among men who have sex with men (MSM) [3-5] with an even higher prevalence among HIV-
infected MSM [5-9].
 In the majority of individuals an HPV infection is cleared within 4-20 months [10,11]. Individuals natu-
rally infected with HPV do not always develop antibody responses over time [12,13]. If seroconversion does 
occur, antibodies may persist for many years [14]. Seropositivity is thought to be associated with persistent 
HPV infection, HPV viral load, and anatomical site of infection [12,15-21]. 
 Previous studies observed that HPV seropositivity was positively associated with type-specific anal HPV 
infection rather than with genital (penile) HPV infection [19-21]. Also, seropositivity was higher among 
HIV-infected than HIV-negative MSM [22]. However, studies on the association between high-risk HPV in-
fections at various anatomical sites and type-specific HPV seropositivity in MSM with and without HIV in-
fection are scarce. Moreover, to the best of our knowledge no study has investigated the associations of 
concordant infections at multiple anatomical sites with HPV seropositivity. Since HPV antibodies are gen-
erally regarded as a marker of lifetime HPV exposure, more insight into antibody responses by anatomical 
site and number of HPV infections will assist in the interpretation of sero-epidemiological studies and in 
targeting HPV prevention strategies. 
 In this cross-sectional study we assessed whether high-risk HPV infections at various anatomical sites 
(i.e., anal canal, penile shaft, and oral cavity), as well as concordant infections at multiple anatomical sites, 
are associated with type-specific seropositivity in HIV-infected and HIV-negative MSM. 

MATERIALS AND METHODS

Ethics statement
The Medical Ethics Committee of the Academic Medical Center (AMC) in Amsterdam approved the study. 
Written informed consent was obtained from all participants prior to enrollment.

Study population
This analysis is based on baseline data of the HIV & HPV in MSM (H2M) study, a prospective cohort study 
which aims to compare the prevalence, incidence, and clearance of anal, penile, and oral HPV infections in 
HIV-infected and HIV-negative MSM.
 Details of the H2M study and study population have been described previously [5]. In brief, HIV-
infected and HIV-negative MSM were recruited from three sites in Amsterdam, the Netherlands: the 
Amsterdam Cohort Study among MSM [23], an STI clinic (both at the Public Health Service of 
Amsterdam), and an outpatient infectious disease clinic (Jan van Goyen Medical Center), between July 2010 
and July 2011. Eligibility criteria included an age of 18 years or older, being male, having had sex with men, 
and competence in Dutch or English. In this cross-sectional analysis of baseline data, only MSM with avail-
able questionnaire data and complete baseline results (anal, penile, oral, and serum sample results) were 
included. 

Sample and data collection
A self-administered questionnaire was used to assess socio-demographic characteristics, general health-re-
lated issues (e.g., age, circumcision status, and smoking behavior), and details of lifetime and recent sexual 
behavior. Self-swabs of the anal canal and penile shaft, and oral swish-and-gargle samples were obtained for 
HPV DNA detection. Participants self-sampled the anus by inserting a dry swab (regular flocked swab with 
1 ml UTM medium, Copan, Brescia, Italy) 3 cm into the anal canal and rotating it for 5-10 seconds. Penile 
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self-samples were obtained by rubbing a dry swab firmly over the penile shaft, including the foreskin, for 20 
seconds. Each dry swab was immediately put into the preservative UTM medium.
 For oral samples, participants were instructed to rinse the oral cavity and gargle for 30 seconds, using 
10-15 ml Scope mouthwash (Procter & Gamble, Toronto, Ontario). A venous blood sample was collected for 
serum antibody testing. HIV-related data (CD4 cell count, HIV viral load, and use of combination antiret-
roviral therapy (cART)) were obtained from the Dutch HIV Monitoring Foundation’s national HIV patient 
database. 

HPV DNA detection and genotyping
Anal, penile, and oral samples were stored at -20 oC. Preceding storage, oral samples passed a washing and 
concentration step as described by Mooij et al. [5]. DNA extraction was conducted using MagNA Pure LC 
Total Nucleic Acid Isolation Kit (Roche, Mannheim, Germany). 200 µl UTM or oral medium was used as 
input; DNA was eluted in 100 µl buffer. Broad-spectrum HPV DNA amplification was conducted on 10 µl 
DNA extract using the highly sensitive SPF10-PCR (version 1) [24], which amplifies a 65 base pair open 
reading frame of the L1 region of the HPV genome. DNA enzyme-linked immunoassay (HPV-DEIA, Labo 
Biomedical Products, Rijswijk, the Netherlands) was used to detect amplified PCR products. PCR-DEIA-
negative samples were considered HPV-negative; PCR-DEIA-positive samples were considered HPV-
positive. HPV-positive amplicons were subsequently analyzed in a reverse line blot assay (HPV-LiPA25, 
Labo Biomedical Products, Rijswijk, the Netherlands). LiPA25 allows simultaneous detection of 25 specific 
mucosal HPV genotypes. 

HPV serum antibody testing
Serum samples were stored at -20 oC and transported to the National Institute for Public Health and the 
Environment (RIVM, Bilthoven, the Netherlands), where samples were stored at -80o C until processing. 
Virus-like particle (VLP) based multiplex immunoassay was used to asses HPV-specific serum antibodies 
against L1 VLPs of genotypes 16, 18, 31, 33, 45, 52, 58, as previously described [25,26]. Serum samples were as-
sumed to be HPV-seropositive at cut-offs previously determined using a 99% prediction interval method 
based on children aged 1-10 years [25]. Cut-off values were determined at ≥9, ≥13, ≥27, ≥11, ≥19, ≥14, ≥31 
Luminex Units/milliliter (LU/ml) for HPV 16, 18, 31, 33, 45, 52 and 58, respectively.

Nomenclature
We here report data regarding the seven high-risk HPV types which could be detected both by serology and 
LiPA25, i.e., types 16, 18, 31, 33, 45, 52, and 58. Samples positive for one or more of these seven HPV types 
were designated 7-hrHPV-positive; samples negative for all of these seven high-risk types were categorized 
as 7-hrHPV-negative.
 7-hrHPV infections were designated ‘concordant infections at multiple anatomical sites’ when the same 
HPV type was detected at 2 or 3 sites within one individual: i.e., anal and penile; anal and oral; penile and 
oral; or anal, penile, and oral HPV infections.

Statistical analyses at participant level
Characteristics of HIV-infected and HIV-negative MSM were compared using Chi-square tests for categori-
cal data and Wilcoxon-Mann-Whitney rank-sum tests for continuous data. 95% confidence intervals (95% 
CI) were calculated for all 7-hrHPV infection prevalence and seroprevalence estimates. Since previous stud-
ies observed that risk factors for 7-hrHPV infections and hr-HPV seropositivity differed between HIV-
infected and HIV-negative participants [5, 8, 27-29], further analyses were stratified by HIV status. All 
statistical tests were two-sided. Differences were considered statistically significant at P<0.05. 

Statistical analyses at HPV–type infection level
Univariable and multivariable logistic regression analyses with generalized estimating equations (GEE) 
were used to study associations between 7-hrHPV infections at various anatomical sites and type-specific 
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7-hrHPV seropositivity, and to estimate associations between concordant 7-hrHPV infections at multiple 
anatomical sites and type-specific 7-hrHPV seropositivity.
 GEE models are capable of estimating the exposure effect on multiple measurements in one individual, 
while taking into account the correlation between these multiple measurements [30]. In our analyses, these 
multiple measurements were HPV infections of the seven HPV types. An exchangeable correlation struc-
ture was used, since the correlation between pairs of 7-hrHPV types was assumed to be similar. 
 The following variables were identified in previous analyses [5,31] and were included in the multivariable 
regression analyses a priori: age, smoking, poppers use (alkyl nitrites) in the preceding 6 months, circumci-
sion status, lifetime number of male sex partners, unprotected anal intercourse in the preceding 6 months, 
receptive anal intercourse in the preceding 6 months, active oral-anal contact in the preceding 6 months, 
and additionally for HIV-infected participants: most recent HIV viral load and CD4 cell count. In the anal-
yses assessing the associations between 7-hrHPV infections at various anatomical sites and type-specific se-
ropositivity, we included baseline anal, penile, and oral 7-hrHPV infections within the same models, to be 
able to estimate the independent effect of 7-hrHPV infection at each anatomical site. In the analyses assess-
ing the associations between concordant 7-hrHPV infections at multiple anatomical sites and type-specific 
seropositivity, we included a variable containing the number of concordant infections (i.e., no infection, in-
fection at one anatomical site, or concordant infections at multiple anatomical sites) in the models. 
Analyses were stratified by HIV status. In case of >40 missing values per variable in overall analyses, and 
>20 missing values in stratified analyses, an extra category for missing values was introduced to avoid loss 
of observations. All statistical analyses were performed using SAS software package version 9.3 (SAS 
Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of study population 
The H2M study included 795 MSM; 747 of these men (94%) with available questionnaire data and anal, pe-
nile, oral, and serological sample results were included in this analysis. The 48 excluded participants did not 
differ from the included population in terms of age and HIV status. Out of the 747 MSM, 306 (41%) were 
HIV-infected and 441 (59%) were HIV-negative at enrollment. Baseline characteristics stratified by HIV sta-
tus are shown in Table 1. The median age of HIV-infected MSM was 46 years compared to 38 years for HIV-
negative MSM (P<0.001). HIV-infected MSM and HIV-negative MSM differed significantly in various 
characteristics: HIV-infected MSM were more likely to have been born outside of the Netherlands, to be 
smokers of tobacco, and had used poppers more often in the preceding six months compared to HIV-
negative MSM. In addition, HIV-infected MSM reported more sexual risk behavior, including a higher life-
time number of male sex partners. At enrollment, most HIV-infected MSM were receiving cART (87%; 
228/261), had a CD4 cell count above 350 cells/mm3 (85%; 208/246), and had an undetectable HIV viral load 
(78%; 199/254).

Participant level analysis: 7-hrHPV prevalence 
7-hrHPV seroprevalence for at least one of the seven HPV types was higher in HIV-infected MSM com-
pared to HIV-negative MSM (86% versus 62%; P<0.001). The 7-hrHPV seroprevalence was much higher 
than the prevalence of anal, penile, or oral 7-hrHPV infections. In both HIV-infected and HIV-negative 
MSM, anal infections were the most prevalent, followed by penile and oral infections. Prevalence of anal, 
penile, and oral 7-hrHPV infections was significantly higher in HIV-infected MSM compared to HIV-
negative MSM (P<0.001 for each comparison) (Table 2).

HPV-type infection level analysis: relative distribution of 7-hrHPV infections at anatomical sites
The relative type distribution among anal, penile, and oral 7-hrHPV infections, stratified by HIV status, is 
shown in Figure 1. In both HIV-infected and HIV-negative MSM, the distribution of oral 7-hrHPV types 
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Abbreviations: MSM=men who have sex with men; H2M=HIV & HPV in MSM; IQR=interquartile range; cART=combination antiretroviral therapy. 
Significant results (P<0.05) are represented in bold font.
a Numbers do not always add up to the total because of missing values.
b Based on Chi-square test (except when stated otherwise).
c Based on rank-sum test. 
d Smoking status of participants who were not current smokers but provided no information on past smoking behavior was regarded as missing.

Table 1. Baseline characteristics of 747 MSM participating in the H2M study, overall and stratified by HIV status 
(Amsterdam, 2010-2011) a

Total population HIV-infected MSM HIV-negative MSM P-value b

(N=747) (N=306) (N=441)

Demographics
Median age in years (IQR) 40.1 (34.8-47.5) 45.6 (39.4-52.5) 37.6 (33.6-42.2) <0.001 c
Age at enrollment (years) by category <0.001

<35 189 (25.3) 41 (13.4) 148 (33.6)
35-44 331 (44.3) 103 (33.7) 228 (51.7)
≥45 227 (30.4) 162 (52.9) 65 (14.7)

Country of birth 0.048
Netherlands 601 (81.1) 237 (77.7) 364 (83.5)
Other 140 (18.9) 68 (22.3) 72 (16.5)

Health
Tobacco smoking d 0.007

Never 249 (36.8) 78 (29.6) 171 (41.4)
Ever/in the past 177 (26.1) 74 (28.0) 103 (24.9)
Currently 251 (37.1) 112 (42.4) 139 (33.7)

Poppers use in the preceding 6 months <0.001
No 358 (55.7) 120 (41.4) 238 (67.4)
Yes 285 (44.3) 170 (58.6) 115 (32.6)

Being circumcised 0.151
No 597 (81.2) 237 (78.7) 360 (83.0)
Yes 138 (18.8) 64 (21.3) 74 (17.1)

Sexual Behavior
Median lifetime number of male sex partners (IQR) 200 (60-600) 300 (100-1000) 100 (50-400) <0.001 c
Lifetime number of male sex partners by category <0.001

≤100 283 (40.7) 76 (26.9) 207 (50.2)
101-500 237 (34.1) 109 (38.5) 128 (31.1)
≥501 175 (25.2) 98 (34.6) 77 (18.7)

Unprotected anal intercourse in the preceding 6 
months <0.001

No anal intercourse 121 (16.5) 51 (16.9) 70 (16.1)
Anal intercourse, always protected 186 (25.3) 65 (21.6) 121 (27.9)
Anal intercourse, sometimes protected 305 (41.5) 150 (49.8) 155 (35.7)
Anal intercourse, never protected 123 (16.7) 35 (11.6) 88 (20.3)

Receptive anal intercourse in the preceding 6 months 0.077
No 248 (33.6) 90 (29.9) 158 (36.2)
Yes 490 (66.4) 211 (70.1) 279 (63.8)

Active oral-anal contact in the preceding 6 months 0.938
No 259 (35.4) 107 (35.6) 152 (35.3)
Yes 473 (64.6) 194 (64.5) 279 (64.7)

HIV
Use of cART at enrollment

No 33 (12.6)
Yes 228 (87.4)

HIV viral load at enrollment (copies/mL) by category
<50 199 (78.4)
≥50 55 (21.7)

CD4 cell count in cells/mm3 by category
≤350 38 (15.5)
>350 208 (84.6)
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differed from that found in anal and penile samples. For example, in HIV-infected MSM, HPV-33 was de-
tected relatively more often in oral (24%) samples than in anal (12%) and penile (10%) samples. In HIV-
negative MSM, especially HPV-16 was more frequently detected in oral (43%) samples compared to anal 
(29%) and penile (31%) samples. Among HIV-negative MSM, a larger proportion of all infections was caused 
by HPV-16 than among HIV-infected MSM (43% versus 27%, respectively, P=0.078). 
 The relative distribution of 7-hrHPV infection at one anatomical site (i.e., single infection) versus con-
cordant infections at multiple anatomical sites, stratified by HIV status, is shown in Figure 2. In both HIV-
infected and HIV-negative MSM 7-hrHPV infections were more often detected at one anatomical site than 
at multiple sites. Concordant 7-hrHPV infections detected at multiple anatomical sites comprised 14% and 
10% of the 7-hrHPV infections in HIV-infected and HIV-negative MSM, respectively (P=0.101).

Risk factors for concordant 7-hrHPV infections at multiple anatomical sites 
In univariable and multivariable analyses, neither HIV status, nor any of the a priori risk factors was signif-
icantly associated with concordant 7-hrHPV infections at multiple anatomical sites compared to infection 
at one anatomical site (single infection). In addition, analyses stratified by HIV status found none of the a 
priori risk factors were associated with concordant 7-hrHPV infections at multiple anatomical sites (data 
not shown). In HIV-negative MSM, lifetime number of male sex partners reached borderline significance in 
univariable (odds ratio (OR) 5.0; 95% CI 1.0-25.4 for ≥501 partners compared to <100, overall P=0.066) and 
multivariable analysis (adjusted odds ratio (aOR) 5.2; 95% CI 0.8-32.6 for ≥501 partners compared to <100, 
overall P=0.081). 

Associations between 7-hrHPV infections at various anatomical sites and type-specific seropositivity 
Univariable and multivariable analyses of associations between anal, penile, and oral 7-hrHPV infection 
and type-specific seropositivity are shown in Table 3. Anal 7-hrHPV infection was independently associated 
with seropositivity in overall multivariable analysis (aOR 1.8; 95% CI 1.5-2.2). Penile 7-hrHPV infection 
showed a small positive association, but was not significantly associated with seropositivity in either uni-
variable or multivariable analyses. Oral 7-hrHPV infection showed increased odds in both univariable and 
multivariable analyses, although the association was only significant in univariable analysis (OR 1.6; 95% 
CI.1.0-2.5). 
 In multivariable analyses stratified by HIV status, anal 7-hrHPV infection was significantly associated 
with seropositivity in both HIV-infected (aOR 1.6; 95% CI 1.3-2.1) and HIV-negative MSM (aOR 2.2; 95% CI 

Abbreviations: 7-hrHPV=human papillomavirus types 16, 18, 31, 33, 45, 52, 58; MSM=men who have sex with men; H2M=HIV & HPV in MSM. 
Significant results (P<0.05) are represented in bold font.
a Based on Chi-square test.
b Participants seropositive for at least one of seven high-risk HPV types (16, 18, 31, 33, 45, 52 and/or 58).
c Participants positive for at least one of seven high-risk HPV types (16, 18, 31, 33, 45, 52 and/or 58) 

Table 2. Prevalence of 7-hrHPV infections at the anal canal, penile shaft, and oral cavity, and HPV seroprevalence in 747 MSM 
participating in the H2M study, overall and stratified by HIV status (Amsterdam, 2010-2011).

Total population HIV-infected MSM HIV-negative MSM P-value a

(N=747) (N=306) (N=441)

n (%) n (%) n (%)
7-hrHPV seroprevalence b 535 (71.6) 264 (86.3) 271 (61.5) <0.001
Anal, penile, or oral 7-hrHPV prevalence c 391 (52.3) 212 (69.3) 179 (40.6) <0.001
7-hrHPV prevalence per anatomical site c

Anal HPV 322 (43.1) 174 (56.9) 148 (33.6) <0.001
Penile HPV 120 (16.1) 71 (23.2) 49 (11.1) <0.001
Oral HPV 72 (9.6) 53 (17.3) 19 (4.3) <0.001
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Figure 1a and 1b: Relative type dist ribution among anal, 
penile, and oral HPV infect ions. Relative type dist ribution 
among anal, penile, and oral 7-hrHPV infect ions in HIV-
infect ed (Figure 1A; N=306) and HIV-negative (Figure 1B; 
N=441) MSM participating in the H2M st udy (Amst erdam, 
2010-2011). 

Abbreviations: 7-hrHPV=human papillomavirus types 16, 
18, 31, 33, 45, 52, 58; MSM=men who have sex with men; 
H2M=HIV & HPV in MSM.

< Figure 2. Relative dist ribution of HPV infect ions at one 
or multiple anatomical sites. 
Relative dist ribution of 7-hrHPV infect ions at one or 
multiple anatomical sites in HIV-infect ed (N=306) and 
HIV-negative (N=441) MSM participating in the H2M 
st udy (Amst erdam, 2010-2011). 

Abbreviations: 7-hrHPV=human papillomavirus types 16, 
18, 31, 33, 45, 52, 58; MSM=men who have sex with men; 
H2M=HIV & HPV in MSM.

Figure 1a                          Figure 1b

1.7-3.0). Neither penile, nor oral 7-hrHPV infections were signifi cantly associated with seropositivity in ei-
ther HIV-infected or HIV-negative MSM, although in HIV-infected MSM the strength of the association of 
oral 7-hrHPV infection (aOR 1.6; 95% CI 0.9-2.8) was comparable with that of anal infection. 

Associations between concordant 7-hrHPV infect ions at multiple anatomical 
sites and type-sp ecifi c seropositivity 
Compared to having no infection, we found that in overall univariable and multivariable analyses both 
7-hrHPV infection at one anatomical site and concordant 7-hrHPV infections at multiple anatomical sites 
were signifi cantly associated with type-specifi c seropositivity (Table 4). In stratifi ed multivariable analyses, 
the association between 7-hrHPV infection at one anatomical site and seropositivity was signifi cant in both 
HIV-infected and HIV-negative MSM (aOR 1.5; 95% CI 1.2-1.9 and aOR 1.9; 95% CI 1.4-2.6, respectively).  
 Concordant 7-hrHPV infections at multiple anatomical sites were signifi cantly associated with seroposi-
tivity in HIV-infected MSM (aOR 2.2; 95% CI 1.5-3.4) and reached borderline signifi cance in HIV-negative 
MSM (aOR 1.8; 95% CI 1.0-3.4). 



 108

Monitoring HPV vaccination | Seroepidemiology

 
A

ss
oc

ia
tio

ns
 w

ith
 se

ro
po

si
tiv

ity
 in

 to
ta

l p
op

ul
at

io
n 

(N
=7

47
)

 
N

um
be

r o
f i

nf
ec

tio
ns

O
R

 (9
5%

 C
I)

P-
va

lu
e

aO
R

 (9
5%

 C
I)

P-
va

lu
e

7-
hr

H
PV

 in
fe

ct
io

ns
 

79
8

A
na

l 
54

6
1.

91
 (1

.6
1-

2.
27

)
<0

.0
01

1.
79

 (1
.4

9-
2.

16
)

<0
.0

01
Pe

ni
le

16
8

1.
21

 (0
.9

2-
1.

58
)

0.
17

8
1.

12
 (0

.8
4-

1.
48

)
0.

44
0

O
ra

l
84

1.
60

 (1
.0

4-
2.

47
)

0.
03

2
1.

41
 (0

.8
9-

2.
22

)
0.

14
3

 
A

ss
oc

ia
tio

ns
 w

ith
 se

ro
po

si
tiv

ity
 in

 H
IV

-in
fe

ct
ed

 M
SM

 (N
=3

06
)

7-
hr

H
PV

 in
fe

ct
io

ns
 

51
4

A
na

l 
34

5
1.

57
 (1

.2
7-

1.
96

)
<0

.0
01

1.
64

 (1
.3

0-
2.

08
)

<0
.0

01

Pe
ni

le
10

6
1.

25
 (0

.8
9-

1.
75

)
0.

20
3

1.
22

 (0
.8

5-
1.

74
)

0.
28

5

O
ra

l
63

1.
53

 (0
.9

0-
2.

58
)

0.
11

4
1.

57
 (0

.8
9-

2.
77

)
0.

12
1

 
A

ss
oc

ia
tio

ns
 w

ith
 se

ro
po

si
tiv

ity
 in

 H
IV

-n
eg

at
iv

e 
M

SM
 (N

=4
41

)

7-
hr

H
PV

 in
fe

ct
io

ns
 

28
4

An
al

 
20

1
2.

36
 (1

.7
7-

3.
14

)
<0

.0
01

2.
24

 (1
.6

5-
3.

03
)

<0
.0

01
Pe

ni
le

62
1.

06
 (0

.6
5-

1.
75

)
0.

81
1

1.
00

 (0
.6

0-
1.

64
)

0.
98

4
O

ra
l

21
1.

39
 (0

.6
4-

3.
01

)
0.

40
8

1.
06

 (0
.4

6-
2.

44
)

0.
89

3

Th
e f

ol
lo

w
in

g v
ar

ia
bl

es
 w

er
e i

nc
lu

de
d 

in
 th

e m
ul

tiv
ar

ia
bl

e m
od

el
s: 

ag
e,

 sm
ok

in
g,

 p
op

pe
rs

 u
se

, c
irc

um
ci

sio
n 

sta
tu

s, 
lif

et
im

e n
um

be
r o

f m
al

e s
ex

 p
ar

tn
er

s, 
re

ce
nt

 u
np

ro
te

ct
ed

 a
na

l i
nt

er
co

ur
se

, 
re

ce
nt

 re
ce

pt
iv

e a
na

l i
nt

er
co

ur
se

, r
ec

en
t a

ct
iv

e o
ra

l-a
na

l c
on

ta
ct

, c
on

co
rd

an
t 7

-h
rH

PV
 in

fe
ct

io
ns

 a
t o

ne
 o

r m
ul

tip
le

 a
na

to
m

ic
al

 si
te

s (
an

d 
ad

di
tio

na
lly

 fo
r H

IV
-in

fe
ct

ed
 M

SM
: H

IV
 v

ira
l 

lo
ad

 a
nd

 C
D

4 
ce

ll 
co

un
t).

 A
bb

re
vi

at
io

ns
: 7

-h
rH

PV
=h

um
an

 p
ap

ill
om

av
ir

us
 ty

pe
s 1

6,
 1

8,
 3

1,
 3

3,
 4

5,
 5

2,
 5

8;
 M

SM
=m

en
 w

ho
 h

av
e s

ex
 w

ith
 m

en
; H

2M
=H

IV
 &

 H
PV

 in
 M

SM
; O

R=
od

ds
 ra

tio
; 

aO
R=

ad
ju

ste
d 

od
ds

 ra
tio

; 9
5%

 C
I=

95
%

 co
nfi

de
nc

e i
nt

er
va

l. 
Si

gn
ifi

ca
nt

 re
su

lts
 (P

<0
.0

5)
 a

re
 re

pr
es

en
te

d 
in

 b
ol

d 
fo

nt
.  

 Ta
bl

e 3
. U

ni
va

ri
ab

le
 a

nd
 m

ul
tiv

ar
ia

bl
e a

na
ly

se
s o

f a
ss

oc
ia

tio
ns

 b
et

w
ee

n 
an

al
, p

en
ile

, a
nd

 o
ra

l 7
-h

rH
PV

 in
fe

ct
io

ns
 a

nd
 ty

pe
-sp

ec
ifi

c s
er

op
os

iti
vi

ty
 in

 74
7 

M
SM

 p
ar

tic
ip

at
in

g i
n 

th
e H

2M
 st

ud
y 

(A
m

ste
rd

am
, 2

01
0-

20
11

).



 109

Chapter 7

7

A
ss

oc
ia

tio
ns

 w
ith

 se
ro

po
si

tiv
ity

 in
 to

ta
l p

op
ul

at
io

n 
(N

=7
47

)
N

um
be

r o
f o

bs
er

va
tio

ns
O

R
 (9

5%
 C

I)
P-

va
lu

e
aO

R
 (9

5%
 C

I)
P-

va
lu

e

7-
hr

H
PV

 in
fe

ct
io

ns
 a

t o
ne

 o
r m

ul
tip

le
 

an
at

om
ic

al
 si

te
s

N
o 

in
fe

ct
io

n
45

28
1.

0
1.

0
In

fe
ct

io
n 

at
 o

ne
 an

at
om

ic
al

 si
te

61
1

1.
77

 (1
.5

0-
2.

09
)

<0
.0

01
1.

63
 (1

.3
7-

1.
94

)
<0

.0
01

In
fe

ct
io

ns
 at

 m
ul

tip
le 

an
at

om
ic

al
 si

te
s

90
2.

33
 (1

.6
6-

3.
26

)
<0

.0
01

2.
00

 (1
.4

1-
2.

83
)

<0
.0

01

A
ss

oc
ia

tio
ns

 w
ith

 se
ro

po
si

tiv
ity

 in
 H

IV
-in

fe
ct

ed
 M

SM
 (N

=3
06

)

7-
hr

H
PV

 in
fe

ct
io

ns
 a

t o
ne

 o
r m

ul
tip

le
 

an
at

om
ic

al
 si

te
s

N
o 

in
fe

ct
io

n
16

98
1.

0
1.

0
In

fe
ct

io
n 

at
 o

ne
 an

at
om

ic
al

 si
te

38
0

1.
49

 (1
.2

2-
1.

84
)

<0
.0

01
1.

52
 (1

.2
2-

1.
90

)
<0

.0
01

In
fe

ct
io

ns
 at

 m
ul

tip
le 

an
at

om
ic

al
 si

te
s

64
2.

11
 (1

.4
0-

3.
19

)
<0

.0
01

2.
23

 (1
.4

5-
3.

42
)

<0
.0

01

 
A

ss
oc

ia
tio

ns
 w

ith
 se

ro
po

si
tiv

ity
 in

 H
IV

-n
eg

at
iv

e M
SM

 (N
=4

41
)

7-
hr

H
PV

 in
fe

ct
io

ns
 a

t o
ne

 o
r m

ul
tip

le
 

an
at

om
ic

al
 si

te
s

N
o 

in
fe

ct
io

n
28

30
1.

0
1.

0
In

fe
ct

io
n 

at
 o

ne
 an

at
om

ic
al

 si
te

23
1

2.
03

(1
.5

4-
2.

69
)

<0
.0

01
1.

91
 (1

.4
3-

2.
56

)
<0

.0
01

In
fe

ct
io

ns
 at

 m
ul

tip
le 

an
at

om
ic

al
 si

te
s

26
2.

40
 (1

.2
8-

4.
52

)
0.

00
7

1.
80

 (0
.9

5-
3.

42
)

0.
07

3

Th
e f

ol
lo

w
in

g v
ar

ia
bl

es
 w

er
e i

nc
lu

de
d 

in
 th

e m
ul

tiv
ar

ia
bl

e m
od

el
s: 

ag
e,

 sm
ok

in
g,

 p
op

pe
rs

 u
se

, c
irc

um
ci

sio
n 

sta
tu

s, 
lif

et
im

e n
um

be
r o

f m
al

e s
ex

 p
ar

tn
er

s, 
re

ce
nt

 u
np

ro
te

ct
ed

 a
na

l i
nt

er
co

ur
se

, 
re

ce
nt

 re
ce

pt
iv

e a
na

l i
nt

er
co

ur
se

, r
ec

en
t a

ct
iv

e o
ra

l-a
na

l c
on

ta
ct

, c
on

co
rd

an
t 7

-h
rH

PV
 in

fe
ct

io
ns

 a
t o

ne
 o

r m
ul

tip
le

 a
na

to
m

ic
al

 si
te

s (
an

d 
ad

di
tio

na
lly

 fo
r H

IV
-in

fe
ct

ed
 M

SM
: H

IV
 v

ira
l 

lo
ad

 a
nd

 C
D

4 
ce

ll 
co

un
t).

 A
bb

re
vi

at
io

ns
: 7

-h
rH

PV
=h

um
an

 p
ap

ill
om

av
ir

us
 ty

pe
s 1

6,
 1

8,
 3

1,
 3

3,
 4

5,
 5

2,
 5

8;
 M

SM
=m

en
 w

ho
 h

av
e s

ex
 w

ith
 m

en
; H

2M
=H

IV
 &

 H
PV

 in
 M

SM
; O

R=
od

ds
 ra

tio
; 

aO
R=

ad
ju

ste
d 

od
ds

 ra
tio

; 9
5%

 C
I=

95
%

 co
nfi

de
nc

e i
nt

er
va

l. 
Si

gn
ifi

ca
nt

 re
su

lts
 (P

<0
.0

5)
 a

re
 re

pr
es

en
te

d 
in

 b
ol

d 
fo

nt
. 

Ta
bl

e 4
.  

U
ni

va
ri

ab
le

 a
nd

 m
ul

tiv
ar

ia
bl

e a
na

ly
se

s o
f a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

co
nc

or
da

nt
 7

-h
rH

PV
 in

fe
ct

io
ns

 a
t o

ne
 o

r m
ul

tip
le

 a
na

to
m

ic
al

 si
te

s a
nd

 ty
pe

-sp
ec

ifi
c s

er
op

os
iti

vi
ty

 in
 74

7 
M

SM
 

pa
rt

ic
ip

at
in

g i
n 

th
e H

2M
 st

ud
y 

(A
m

ste
rd

am
, 2

01
0-

20
11

). 



 110

Monitoring HPV vaccination | Seroepidemiology

Concordant 7-hrHPV infections at multiple anatomical sites generally demonstrated a stronger association 
with type-specific seropositivity than infection at one anatomical site. However, a sub-analysis excluding 
observations with no infection showed that the odds of seropositivity were not significantly higher for con-
cordant 7-hrHPV infections at multiple anatomical sites than for single infection in overall (P=0.292) or 
stratified multivariable analyses (HIV-infected MSM: P=0.829; HIV-negative MSM: P=0.104).

DISCUSSION

In MSM, regardless of HIV status, 7-hrHPV seropositivity was associated with type-specific anal infection. 
No independent significant associations were observed between 7-hrHPV seropositivity and type-specific 
penile or oral infection, although oral infection in particular also showed a positive association with serop-
ositivity. Seropositivity was associated with having 7-hrHPV infection, but did not seem to increase with 
the number of infected anatomical sites. 
 The observations concerning anal and penile HPV infection and seropositivity are consistent with a re-
cent study by Lu et al., regarding HPV-6 and HPV-16 infections and seropositivity in HIV-negative hetero-
sexual men and MSM [20]. They observed that HPV-16 seropositivity was higher in MSM with an anal-only 
HPV-16 infection, than in MSM with a genital-only HPV-16 infection. It is hypothesized that infections in 
keratinized epithelium, which covers the glans and the shaft of the penis, may be less likely to elicit an im-
mune response (and subsequently induce antibody production) than infections in mucosal epithelium, 
which covers the anal canal and oral cavity [21,32,33]. Our findings regarding the anal and penile site of in-
fection are in line with this hypothesis. 
 We could not demonstrate a significant independent association between oral HPV infection and serop-
ositivity, although both the anal canal and oropharynx are lined by stratified squamous epithelium and 
may share certain biological characteristics. Possibly our study was underpowered to detect a significant in-
dependent association between oral HPV infection and seropositivity.  
 Differences between anatomical sites may also be explained by other biological (e.g., regarding local im-
munity) or behavioral factors (e.g., degree of mucosal damage and HPV exposure upon sexual contact). The 
significant relationship between anal 7-hrHPV infection and seropositivity in this study may be caused by 
higher persistence and/or higher HPV viral load of anal HPV infection compared to penile or oral infec- 
tion, as both persistence and higher HPV viral load may increase the probability of seroconversion [12,15-18] 
as well as the chance of detecting an HPV infection at one time point. In longitudinal follow-up of this 
study population, we will further explore the temporal relationships between 7-hrHPV infections and 
seropositivity.
 To the best of our knowledge, this study was the first to assess the association between the number of in-
fected anatomical sites and HPV seropositivity in MSM. Unexpectedly, the odds for seropositivity were only 
slightly higher for concordant 7-hrHPV infections at multiple anatomical sites than for single infection at 
one anatomical site. We showed that anal 7-hrHPV infections were most frequently detected, and were inde-
pendently associated with seropositivity, whereas penile or oral 7-hrHPV infections were not. Therefore, 
having an additional penile or oral 7-hrHPV infection was not likely to increase the chance of seropositivity. 
 We could not confirm that HIV status or any of the a priori risk factors identified from the literature 
were associated with having concordant infections at multiple anatomical sites rather than an infection at 
one anatomical site. The failure to determine any risk factors associated with the number of infected ana-
tomical sites in our study may be due to limited power.
 Compared to other HPV types, HPV-16, which causes the majority of all HPV-related cancers, was de-
tected relatively more frequently in HIV-negative than in HIV-infected MSM (however, absolute HPV-16 
prevalence was higher in HIV-infected MSM). This difference might be due to a combination of factors: 
HIV-related immunosuppression may lead to more persistent HPV infections, and less clearance of a wider 
spectrum of 7-hrHPV types in addition to HPV-16. Moreover, HIV-infected MSM may have a higher rate of 
acquisition of HPV types other than HPV-16 due to sexual risk behavior. 
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 This study has two major strengths. The size of our study population was relatively large, and we were 
able to collect extensive information through detailed questionnaires concerning the socio-demographic 
and sexual behavior characteristics of our participants. Also, data pertaining to HPV infections at three an-
atomical sites and serology data were collected at the same time point for each participant, enabling us to 
look at various cross-sectional associations. 
 This study had some limitations. (1) We assessed presence of 7-hrHPV infections and concordant serop-
ositivity at one time point only. A temporal relationship could therefore not be established. (2) HIV-infected 
and HIV-negative participants were recruited at separate study locations. We handled differences in baseline 
characteristics by adjusting for potential confounders. (3) This study may lack power due to limited number 
of oral and penile HPV infections, and our results should therefore be interpreted with caution. We were not 
able to estimate the impact of pairs of anatomical sites (concordant anal-penile, anal-oral, and penile-oral 
infections) on seropositivity. In addition, a difference in seropositivity between infections at one or multiple 
anatomical sites may have been difficult to assess, because of the very high seroprevalence among MSM.
 In conclusion, our data suggest that in both HIV-infected and HIV-negative MSM, 7-hrHPV seroposi-
tivity is mainly associated with type-specific anal infection, and not penile or oral infection. In addition, se-
ropositivity seems to be associated with having a 7-hrHPV infection, irrespective of the number of infected 
anatomical sites. 
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ABSTRACT 

In view of possible type-replacement upon introduction of human papillomavirus (HPV) vaccination, we 
aimed to explore patterns of type-specific clustering across populations with varying background infection 
risk. Women (n=3874) of three cross-sectional studies in the Netherlands (2007-2009) provided a vaginal 
self-sample, which was tested for 25 HPV genotypes by a sensitive molecular assay (SPF10-LiPA, DDL 
Diagnostic Laboratory Voorburg, the Netherlands). The number of concurrent HPV infections per woman 
was studied by Poisson regression. Associations between HPV types were investigated by generalized esti-
mating equations (GEE) analyses. Prevalence of any HPV type was 14% in a population-based study, 54% in 
a Chlamydia screening intervention study and 73% in a study among attendees of sexually transmitted in-
fection clinics. Overall, multiple HPV infections were detected in 26% of the women. The number of con-
current HPV infections conformed to an overdispersed Poisson distribution, also after correction for 
known risk factors. Types differed significantly in their tendency to be involved in a co-infection, but no ev-
idence for particular type-type interactions was found. Moreover, strongest associations were observed in 
the lowest-risk population and vice versa.We found no indications of pairwise interactions, but our findings 
do suggest that clustering differs between HPV types and varies across risk groups.
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INTRODUCTION

More than 40 human papillomavirus (HPV) types can infect the genital epithelia. Of these, at least 12 can 
cause cancer and are referred to as high risk HPV types (hrHPV) [1]. Persistent infection with a hrHPV type 
can lead to various forms of anogenital and oropharyngeal carcinoma [2-4]. This knowledge has led to the 
development of prophylactic vaccines targeting HPV types 16 and 18, most frequently associated with cervi-
cal cancer.
 In 2009, HPV vaccination was introduced in the Netherlands with the specific aim to protect women 
from cervical cancer [5]. The HPV16/18 vaccine has the potential to reduce about 70% of all cervical cancer 
cases, at least, if other HPV types do not take the ecological niche. An apparent increase in disease might 
occur when vaccine types are removed and stop ‘masking’ the types not included in the vaccine (unmask-
ing). Model-based estimates for the size of this effect are in the order of a 3-10% diminished reduction in 
long-term cervical cancer incidence, depending on assumptions made about the existence of natural immu-
nity [6,7]. The ecological niche could also be taken through type-replacement, which refers to the possibility 
that elimination of HPV16 and -18 leads to an increased transmission of non-vaccine types. For this to 
occur, antagonistic interactions are required between vaccine types and those not included in the vaccine 
[8,9]. Type-replacement has been observed following vaccination against other pathogens (e.g. 
Streptococcus pneumonia) [10], and is plausible whenever genotypically diverse pathogen strains compete 
for the same hosts.
 Because an estimated 20-50% of HPV infected women harbor multiple HPV types [11,12], understanding 
the possible interactions among HPV types is vital for predictions regarding the effects of HPV vaccination 
[13,14]. So far, several longitudinal studies have shown that a person at high risk of infection with one HPV 
type is also at increased risk of infection with another type [15-18]. The elevated risk of co-infection is gener-
ally supported by cross-sectional studies, which typically report odds ratios (ORs) above 1 for the occur-
rence of any two HPV types, meaning that HPV infections occur more often together than expected by 
chance [19-21]. In addition, these studies have investigated whether particular type-type combinations 
occur more often than other combinations, but concluded that pairwise interactions are not likely, not even 
amongst closely related HPV genotypes. 
 The uniformly elevated risk of co-infection across HPV genotypes is usually attributed to common risk 
factors for HPV acquisition [22]. However, adjusting for known risk factors in multilevel analysis is rarely 
sufficient to eliminate association in the occurrence of multiple HPV types. While such elimination may be 
achieved in random effect models, allowing adjustments to be made for all sources of residual variation 
other than those already represented by the covariates, these models offer no explanation for the elevated 
risk of co-infection. Identification of the factors that account for clustering of multiple HPV types is para-
mount in assessing the potential consequences of vaccination. Previously, elevated ORs were mostly inter-
preted as indicating absence of antagonistic interactions between types, suggesting a low probability of 
type-replacement. However, recently it was shown that elevated ORs could also be consistent with cross-im-
munity between HPV types, a condition that would facilitate type-replacement [13]. 
 The net effect on the occurrence of multiple infections of variation on the part of the host (sexual risk be-
haviour, susceptibility to infection, immune response) as well as HPV (transmissibility, persistence, immu-
nogenicity) and possible interactions between types, is difficult to disentangle. Nonetheless, comparisons 
across risk groups may help to elucidate the relative role of either component. 
 In this study, we aimed to explore the clustering patterns of multiple HPV types in diverse populations 
at varying risk of infection, by pooling data from three pre-vaccine studies on HPV infection in young 
women. The use of a novel approach to model pairwise ORs allowed us to study clustering patterns more 
carefully than has been done before. 
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MATERIALS AND METHODS

Study population and design
In 2007-2009 several HPV monitoring studies have been carried out in the Netherlands, prior to vaccina-
tion. Three of these studies were combined for the current analysis, including women aged 18-24. Study pro-
tocols have been described elsewhere [23-26]. In brief; 1) a population-based study in Nijmegen, including 
1145 women aged 18-29 who were selected through (internet) advertisements and posters at general practices 
in the regions Arnhem, Nijmegen and Den Bosch; 2) a Chlamydia screening intervention (CSI) study, in-
cluding 3282 women aged 16-29 who were selected from South Limburg, and the cities Rotterdam and 
Amsterdam; and 3) the PASSYON study among attendees of 12 sexually transmitted infection clinics (STI 
clinics) throughout the Netherlands, including 1072 women aged 16-24. 

HPV DNA detection and genotyping
Participants provided a vaginal self-sample that was tested for the presence of HPV. All studies used the 
same HPV genotyping method [27-29]. Briefly, HPV DNA was extracted using the Magna pure platform 
from the vaginal self-samples and amplified using the SPF10 primer set according to the manufacturer’s in-
structions (DDL Diagnostic Laboratory, Voorburg, the Netherlands). The presence of HPV-amplicons was 
assessed by an HPV DNA enzyme immuno-assay (DEIA). Genotyping of the HPV-positive DNA samples 
was done by reverse hybridization in a line probe assay (LiPA). The PCR fragment SPF10 primer set ampli-
fies the following hrHPV-genotypes: -16,-18,-31,-33,-35,-39,-45,-51,-52,-56,-58,-59 and 12 other HPV genotypes 
(lrHPV) with limited evidence for a causal link with cancer: -6,-11,-34,-40,-42,-43,-44,-53,-54,-66,-70 and -74 
(classification based on the last International Agency for Research on Cancer report) [1]. Because no distinc-
tion can be made between HPV types -68, -73, and -97 they were classified as HPV68 (lrHPV). Samples that 
were HPV-positive in the DEIA analysis but did not reveal any of the 25 HPV-genotypes in the line probe 
assay were classified as negative. 

Statistical analysis
We present descriptive data on overall and type-specific HPV prevalence (percentage of women testing pos-
itive) and number of concurrent HPV types by study population. For every hrHPV type, we present the 
(relative) proportions of single versus multiple infections, stratified by study population.
 We used Poisson regression models for the number of HPV types per woman, and calculated observed-
to-expected (O/E) ratios for the counts of multiple infections. The following categorical variables, available 
in all three studies, were included in the multivariable models: age, ethnicity (Dutch vs. non-Dutch), educa-
tion (low vs. high), living situation (being single vs. in a relationship), age of sexual debut (<=13 years, 14-16 
years, 17-19 years, >19 years), number of partners in the last 6 months (0-1 partners, >1 partner) and ever had 
an STI (no, yes, never been tested). No information was available on HIV status, smoking behaviour and 
cervical disease status. In case of >5% missing values per variable in overall analysis an extra category for 
missing values was introduced.
 O/E ratios were calculated before and after adjustment for covariates, stratified by study population. 
Overdispersion was tested by comparing the adjusted model to an alternative, which specifies a negative 
Binomial distribution for the counts of multiple infections. 
 To look at type-type interactions, pairwise ORs were calculated for each HPV type with all other HPV 
types that had a prevalence of >1% in the combined study populations (all types except for HPV34). For each 
type, we calculated a Mantel-Haenszel estimate of the pooled OR after stratification by all other HPV types. 
This pooled OR represents the affinity of the index type to be involved in a co-infection with another HPV 
type [21]. Pairwise ORs were subsequently compared to the bootstrapped pooled OR by HPV type to assess 
whether the occurrence of particular combinations differed from the underlying affinity of either type (see 
Web Appendix 1 for a detailed description of statistical methods). We also compared the affinity of HPV 
types to be involved in a co-infection by means of generalized estimating equations (GEE) [30]. In model-
ling the association between pairs of responses, we made use of the alternating logistic regression algorithm 



 122

Monitoring HPV vaccination | Pathogen Diversity

of the SAS GENMOD procedure [31,32]. This algorithm models pairwise ORs in a regression framework. By 
correct model specification, one obtains estimates that should be comparable to the Mantel-Haenszel esti-
mates of the pooled OR for each type separately. In addition, the regression framework allows for alterna-
tive model specifications, e.g. a common log odds ratio between any pair of HPV genotypes or differences 
in affinity for clustering between lrHPV vs. hrHPV types.
 Finally, to look at population-specific clustering of HPV, we specified a model with distinct affinities for 
clustering in each study population separately. For this analysis, we only looked at HPV types with a preva-
lence of >1% in all study populations (HPV16,-18,-31,-39,-51,-52,-53 and -66). 

Figure 1. HPV type-specific prevalence in the Netherlands (2007-2009) for (A) low risk HPV and B) high risk HPV amongst 16-24 
year-old women (n=3874), stratified by study population (Nijmegen (in black), Chlamydia Screening Intervention (CSI) (in light 
grey) and Sexually Transmitted Infection (STI) clinics (in dark grey).) 

RESULTS

Study characteristics and HPV prevalence stratified by study population are listed in Table 1. The age of the 
3874 women in the three studies ranged from 18-24 years with a median of 21 years. Overall HPV prevalence 
was 47%; 14% in Nijmegen, 54% in CSI and 73% in the STI clinics. In addition, the largest proportion of 
hrHPV were found in Nijmegen (69%) compared to CSI (59%) and the STI clinics (57%). The most common 
HPV types in all studies were HPV16,-51 and -52 (Figure 1A and 1B). HPV54,-42,-16 and -70 were the types 
most often found alone, whereas HPV43, -44 -45, -35 and -11 were most often found as part of a multiple in-
fection (Web Figure 1). In general, multiple infections were detected in 26% of the women. Both in absolute 
and in relative terms, most multiple infections were found in the STI clinics, followed by CSI and then 
Nijmegen (Figure 2). 
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Table 1. Demographic characteristics, sexual behaviour and HPV prevalence amongst women (n=3874), stratified by study 
population (Nijmegen, CSI, STI Clinics) in the Netherlands (2007-2009).

Nijmegen CSI* STI clinics* 
N=1145  N=1657 N=1072

n
% of 
total

% 
hrHPV n

% of 
total

% 
hrHPV n

% of 
total

% 
hrHPV 

Age          
 18 118 10 7 192 12 33 81 8 63
 19 147 13 9 213 13 40 157 15 55
 20 174 15 9 274 17 41 193 18 57
 21 172 15 13 261 16 43 187 17 55
 22 176 15 11 253 15 45 187 17 66
 23 176 15 10 243 15 47 155 15 60
 24 182 16 14 221 13 49 112 11 61
 median (+/-SD) 21.2 (1.9)  21.1 (1.9)  21.1 (1.8)  
Ethnicity          
 Dutch 1117 98 11 1383 83 42 932 87 59
 Non Dutch 20 2 10 274 17 47 140 13 59
 missing 8         
Education          
 Low 33 3 6 105 7 40 59 6 75
 High 1104 97 11 1448 93 43 970 94 58
 missing 8   104   43   
Living situation          
 Partner 811 71 9 815 53 36 549 53 60
 Single 328 29 14 735 47 50 494 47 59
 missing 6   107   29   
Sexual debut          
 <13 years 25 2 24 50 3 42 17 2 71
 14-16 581 51 12 838 54 48 576 55 61
 17-19 465 41 8 559 36 38 403 39 57
 >19 71 6 10 98 6,3 34 44 4 45
 missing 3   112   32   
Number of partners in last 6 months       
 0-1 974 86 9 1037 67 36 370 35 50
 >1 165 14 20 512 33 57 700 65 64
 missing 6   108   2   
Ever had STI           
 No 1074 94 10 182 68 53 673 65 56
 Yes 66 6 20 87 32 68 228 22 73
 Never tested       137 13 53
 missing 5   1388   34   

*CSI= Chlamydia Screening Intervention study STI= Sexually Transmitted Infection
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Table 2. Observed/expected ratios of multiple infections amongst women n=3723, stratified by study population Nijmegen, CSI and 
STI clinics in the Netherlands (2007-2009).

Figure 2. Relative distribution of single (light grey) versus 
multiple (dark grey) HPV infections in the Netherlands (2007-
2009) amongst 16-24 year-old HPV positive women (n=1839), 
stratified by study population (Nijmegen, Chlamydia Screening 
Intervention (CSI) and Sexually Transmitted Infections (STI) 
clinics).
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No of HPV types, by 
Population O E O/E  (95% CI)

Adjusted 
expected Adjusted O/E (95% CI)

Nijmegen        
0 964 929.71 1.01 (1.01,1.07) 933.15 1.03 (0.97,1.13)
1 113 170.63 0.74 (0.59,0.74) 164.55 0.69 (0.51,0.96)
2 32 15.66 2.04 (1.60,2.63) 17.6 1.82 (0.92,3.70)
3 4 0.96 4.18  (2.85,6.15) 1.56 2.53 (0.89,7.60)

4+ 4 0.04 91.02 (54.08,153.72) 0.14 28.67 (6.50,128.76)
CSI       

0 700 537.58 1.30 (1.24,1.37) 550.12 1.27 (1.12,1.48)
1 385 567.18 0.68 (0.68,0.68) 536.24 0.72 (0.70,0.76)
2 232 299.2 0.78 (0.74,0.81) 288.43 0.80 (0.72,0.91)
3 128 105.22 1.22 (1.11,1.34) 115.36 1.11 (0.89,1.42)

4+ 99 27.75 3.57 (3.10,4.12) 53.85 1.84 (1.24,2.76)
STI clinics      

0 275 221.96 1.3 (1.21,1.41) 201.97 1.36 (1.10,1.74)
1 282 349.13 0.85 (0.83,0.88) 319.52 0.82 (0.82,0.98)
2 188 274.57 0.72 (0.71,0.74) 259.98 0.7 (0.70,0.77)
3 147 143.96 1.07 (1.01,1.15) 144.72 1.02 (0.86,1.24)

4+ 126 56.61 2.33 (2.08,2.63) 91.81 1.37 (0.95,2.02

 The number of HPV infections within a woman ranged from 0-4 in the Nijmegen study (median=0), 0-8 
(median=1) in the CSI study and 0-9 (median=1) in the STI clinics. The observed number of infections per 
woman differed from expectation under a Poisson distribution (variance equal to the mean) (Table 2). In 
Nijmegen, the number of women with 1 infection was significantly lower than expected, whereas numbers 
of women without infection or with more than 1 infection were significantly higher than expected. A simi-
lar pattern was observed in the CSI study and in the STI clinics, except that the number of women with 2 
infections was also less than expected in these populations (Table 2). 
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Figure 3. Bootstrapped 
pooled odds ratio (black 
solid line) and bootstrapped 
95% confidence intervals 
(black dashed line) for 
HPV16 and co-infection 
with 23 other HPV types 
in the Netherlands (2007-
2009).

Figure 4. Bootstrapped 
pooled odds ratio (black 
solid line) and bootstrapped 
95% confidence intervals 
(black dashed line) for 
HPV18 and co-infection 
with 23 other HPV types 
in the Netherlands (2007-
2009).
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Figure 5. Pooled odds ratio 
(black solid line) and 95% 
confidence interval (black 
dashed line) of 23 other 
HPV types by referent type 
amongst 16-24 year-old women 
(n=3679) in the Netherlands 
(2007-2009). Results obtained 
using generalized estimating 
equations (GEE), adjusted 
for age, ethnicity, education, 
having a partner, age of sexual 
debut, number of sexual 
partners in the last six months 
and ever had an STI.

−0.5 0.0 0.5 1.0

Odds Ratio

HPV types

74
70
68
66
54
53
44
43
42
40
11
6

59
58
56
52
51
45
39
35
33
31
18
16

Figure 6. Pooled odds ratio 
and 95% confidence intervals 
for the occurrence of multiple 
HPV infections amongst 16-24 
year-old women (n=3679), 
stratified by study population 
(Nijmegen, Chlamydia 
Screening Intervention (CSI) 
and Sexually Transmitted 
Infections (STI) Clinics) 
in the Netherlands (2007-
2009). Results obtained by 
Generalized Estimating 
Equations (GEE), for HPV 
types with a prevalence of 
>1% in all study populations 
(HPV16, 18, 31, 39, 51, 53 and 
66). The black dots represent 
unadjusted odds ratios and the 
white dots represent odds ratios 
adjusted for age, ethnicity, 
education, partner, number of 
partners in the last six months, 
age of sexual debut and ever 
had an STI.
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After adjusting for potential risk factors for HPV the O/E ratios were moving slightly towards 1, but the var-
iance in the counts of HPV infections remained greater than the mean, indicating an overdispersed Poisson 
model. Overdispersion was also supported by the fact that a negative binomial distribution (variance 
greater than the mean) provided significant better fit to the data (P< 0.001, likelihood ratio test).
 The assumption of homogeneous ORs for pairwise interactions was only violated sporadically: 8 out of 
276 pair-specific ORs deviated from the pooled OR of the reference type (P< 0.05). While this is still less 
than expected at a 5% false positivity rate (which would be 14 deviations), it appeared that 5 of those 8 devia-
tions involved either HPV31 or HPV58. HPV31 was found to cluster significantly more often with HPV33,-
44, and -58 than with other types, whereas HPV58 clustered significantly more often with HPV31,-43, and 
-59. The other interactions were HPV42-70, HPV54-53 and HPV74-68. The (bootstrapped) pooled OR for co-
infection with other types was 2.0 (95% CI: 1.8, 2.3) for HPV16 (Figure 3), and 2.4 (95% CI: 2.1, 2.8) for HPV18 
(Figure 4).
 While we found no evidence for particular pairwise interactions (except perhaps those involving HPV31 
or HPV58), we did find significant differences between the 24 types regarding their tendency to be involved 
in a co-infection (Figure 5). After adjustment for potential risk factors common to all types, HPV31,-33,-45,-
52,-53 and -58 showed an increased affinity to be involved in a co-infection relative to HPV16 (the most 
prevalent type in all study populations), whereas HPV54 was found less often in a multiple infection (Web 
Table 1).
 Studying the association between lr vs. hrHPV types, we found that, when taking the association be-
tween one lrHPV and one hrHPV as a reference (OR=1.62) two hrHPV types clustered significantly more 
often (OR=1.81, p=0.03) compared to two lrHPV types (OR=1.61, p=0.87). However, no correlation was 
found between the pooled OR of a particular HPV type and its prevalence (Pearson’s correlation coeffi-
cient= -0.09).
 Lastly, we investigated whether ORs for co-infection were different between the three study populations. 
The stratified model showed that the association between any pair of HPV types was highest in Nijmegen 
(pooled OR = 4.5, 95% CI: 3.0, 6.7) and lowest in the STI clinics (pooled OR = 1.5, 95% CI: 1.3, 1.6), with the 
CSI study population in between (pooled OR = 1.8, 95% CI: 1.6, 2.2). After adjustment for potential con-
founders, differences between the study populations became somewhat smaller, but the gradient with back-
ground infection risk remained (Figure 6).

DISCUSSION

In part, the current study confirms previous findings by showing that associations between HPV types were 
unanimously positive, and that pairwise interactions were apparently non-existent [19-21]. However, the use 
of a novel approach to model pairwise ORs allowed us to study clustering patterns more carefully than has 
been done before, and as a result we did find differences in the tendency per HPV type to cluster together 
with other HPV types. For instance, HPV54 had a significantly lower affinity to be involved in a co-infec-
tion than HPV45. In addition, we show that associations between HPV genotypes differ among study popu-
lations, with the strongest clustering found in the population at lowest risk of infection and vice versa. 
 The association in the occurrence of multiple HPV types likely depends on many factors, such as the risk 
heterogeneity of a population, the per-partnership transmission probability, differences in persistence of 
lrHPV and hrHPV and possibly immunological factors, such as (partial) immunity against reinfection with 
the same HPV type or cross-immunity to other types. For example, an increased heterogeneity in the risk 
of infection would result in an increased clustering of multiple HPV types, analogous to the observed co-
epidemic of hepatitis C virus and HIV in populations of injecting drug users [33,34]. The same holds for the 
per-partnership transmission probability; two types that transmit easily but have to do so at few occasions 
(e.g., in case of serial monogamy) will end up together more frequently than two types that transmit less 
easily but can do so at inversely proportionally more occasions (e.g., in case of partnership concurrency). 
This can be illustrated by a simple probability example. If a susceptible person forms a sexual partnership 
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with someone who is doubly infected with a transmission probability (β) of 0.8 for both types, then the 
probability that this person becomes doubly infected is 0.64. If β is 0.4 for both types, then the probability 
of becoming doubly infected in the first partnership is 0.16. After another partnership with a doubly in-
fected person, the probability of being doubly infected is β2 + 2(1- β) β2 +(1- β)(1- β) β2= β2(2- β)2 which is 
still smaller than (2β2). The negative correlation between the association in the occurrence of multiple HPV 
types and background infection risk might be attributed to either of those factors if it is assumed that STI 
populations have reduced risk heterogeneity relative to the general population, and that HPV transmission 
probability is lower in short-term sexual encounters than in longer-lasting partnerships.
 Our results seem to counter a predominant role for cross-immunity in determining clustering patterns 
of multiple HPV types if one supposes that clustering due to pre-existing immunity would be more likely to 
show up in populations with a high degree of prior exposure to HPV. The lack of clustering between closely 
related genotypes also seems to argue against cross-immunity. However, one might as well reason that 
cross-immunity leads to a relatively stronger clustering in populations with less exposure to HPV. A formal 
investigation, e.g. based on a transmission model, could be employed to sharpen our intuition on this par-
ticular topic. Alternative factors such as increased host susceptibility due to co-infections with other STIs 
can also be of interest [35]. However, in a scenario where concurrent STIs would render an individual more 
permissive to HPV infection [36-38], an increased likelihood of co-infection would be expected in the STI 
clinics, while we find the opposite.
 Given the various factors involved in determining co-infection patterns, assessing interactions among 
HPV types is methodologically challenging [22]. A strength of our study is the use of a GEE regression 
framework. GEE models permit separate modeling of the relationship of the multivariate binary response 
with explanatory variables, and of the association between pairs of responses. In this sense, they offer a nat-
ural way of separating individual risk factors common to all HPV types from the residual tendency of types 
to cluster together [22]. We made particular use of the alternating logistic regression algorithm, which gives 
robust and efficient estimates when the association model is a scientific focus in itself [31]. It should be noted 
that this algorithm only considers pairwise associations and leaves higher order interactions unspecified. 
This is a critique of marginal models [39], but the same applies to alternative approaches that are used to 
evaluate the potential for type-replacement following HPV vaccination, both in mathematical modeling 
[8,13,14], and in statistical analysis [21,40]. We show that GEE models yield results that are comparable to 
those obtained with an approach that is more familiar to HPV researchers, but the ability to use a regres-
sion framework for the association model has substantial benefits. It allows the formulation of testable hy-
potheses to study pairwise interactions, and specification of type- or population-specific differences in the 
tendency to cluster. 
 Another strength of our study is that we pooled data from three HPV monitoring studies using the same 
HPV genotyping method, which provided enough data to identify significant differences between HPV 
types. Our analyses regarding pairwise interactions showed 8 associations that were significantly different 
from the pooled average of either reference type, 3 of which involved HPV31 (HPV31-33, HPV31-58, HPV31-
44) and 3 of which involved HPV58 (HPV58-59, HPV58-43, HPV58-31). While false-positive findings should 
be expected in multiple testing, the deviations relating to HPV31 or -58 cannot simply be ascribed to chance 
and merit more scrutiny. Besides a possible biological interpretation, a technical explanation for these find-
ings is available. The broad-spectrum DNA assay that was used for genotyping does not have the same sen-
sitivity and specificity for each HPV type [28]. It has been shown before that HPV31 has a higher positivity 
rate in our test (SPF10 LiPA) compared to other tests [28]. Except for HPV31-33 [21], the other associations 
with HPV31 that we detected, were not found in previous studies using a similar testing method [21,41]. The 
HPV genotyping algorithm could also explain some of the type-specific differences in the affinity to cluster 
that we found. For example, HPV54, which is found least often together with other HPV types, is on the 
same probe line as HPV31 and HPV33. Therefore, no distinction can be made between a co-infection includ-
ing HPV31 or HPV33 with HPV54 and a mono-infection of HPV31 and HPV33. Since HPV54 is a lrHPV 
type, the algorithm chosen does not ‘score’ HPV54 if either HPV31 or HPV33 is present. The faculty to pick 
up such technical limitations underscores the strength and sensitivity of our analysis method.
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 Type-specific differences in the tendency to cluster did not show a clear correlation with viral character-
istics, such as immunogenicity or prevalence of the HPV type. However, we did find significant differences 
according to oncogenicity, in that pairwise ORs were higher if the types involved were both hrHPV com-
pared with one lrHPV and one hrHPV. These differences might be attributed to the fact that hrHPV infec-
tions generally have lower clearance rates than lrHPV infections [16,17,24]; two high-risk types thus having 
greater opportunity to be detected together, even if they are acquired and cleared independently. The signif-
icantly higher clustering among two hrHPV compared to two lrHPV offers an additional explanation for 
the observed gradient with background infection risk, because we found the highest proportion of hrHPV 
among HPV-positive cases in the Nijmegen study. These findings are in line with a modeling study by 
Orlando et al. [42] who hypothesized that HPV dynamics depend on the turnover rate of sexual relation-
ships; a slow turnover of sexual partners favors hrHPV, while a high turnover of sexual partners selects for 
lrHPV. Again, the numerous factors involved in determining co-infection patterns strongly suggests that 
different tendencies to cluster according to HPV type and population are to be expected.
 Currently, we are performing several on-going studies among different risk groups in the Netherlands, 
which allows monitoring of possible type-replacement in young and sexually active adults. The HAVANA 
study follows a cohort of young and partly vaccinated girls on an annual basis, who provide a vaginal self-
swab and serum for detection of HPV DNA and antibodies [43]. A biannual sentinel surveillance study at 
STI clinics (of which we have used baseline data in the current analysis) provides information on the oppo-
site side of the risk spectrum [44]. It would be worthwhile to analyse forthcoming data with the same analy-
sis method, as it has been shown to provide sensitive and robust estimates of co-infection patterns, and is 
fairly simple to use using standard statistical software.
 In conclusion, this study provides information about HPV clustering patterns in the pre-vaccination era, 
and can help to understand changes in HPV dynamics over time after the introduction of HPV vaccine. 
The current study shows, that prior to vaccination, the affinity of HPV types to cluster with other types is 
not solely determined by heterogeneities on the host level, but may also be dependent on HPV type. 
However, we found no indication of specific pairwise interactions nor that cross-immunity is a dominant 
factor in determining co-infection patterns. Our findings are compatible with the working hypothesis that 
HPV transmission dynamics from one type are largely independent of other types, subscribing to the view 
that, at present, there is no reason to suspect detrimental consequences of vaccination against a limited set 
of HPV types.
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BetaParameters  SE 95% CI p-value 

-2.72Intercept  0.19 (-3.10--2.65) <0.001 
Clustering of HPV typesa         

Alpha16  0.35 0.13 (0.10-0.59) 0.007 
Alpha18 - Alpha16 0.14 0.10 (-0.06-0.35) 0.17 
Alpha31 - Alpha16 0.21 0.09 (0.03-0.39) 0.02 
Alpha33 - Alpha16 0.27 0.11 (0.05-0.48) 0.02 
Alpha35 - Alpha16 0.19 0.13 (-0.08-0.45) 0.16 
Alpha39 - Alpha16 0.07 0.11 (-0.14-0.28) 0.54 
Alpha45 - Alpha16 0.32 0.12 (0.09-0.55) 0.007 
Alpha51 - Alpha16 0.08 0.09 (-0.10-0.26) 0.39 
Alpha52 - Alpha16 0.21 0.09 (0.03-0.38) 0.02 
Alpha56 - Alpha16 0.15 0.10 (-0.04-0.35) 0.13 
Alpha58 - Alpha16 0.37 0.37 (0.15-0.60) 0.001 
Alpha59 - Alpha16 0.11 0.11 (-0.15-0.38) 0.40 
Alpha6 -  Alpha16 0.06 0.11 (-0.15-0.27) 0.57 
Alpha11- Alpha16 0.10 0.16 (-0.21-0.41) 0.52 
Alpha40 - Alpha16 0.06 0.14 (-0.21-0.34) 0.64 
Alpha42 - Alpha16 -0.08 0.14 (-0.35-0.18) 0.54 
Alpha43 - Alpha16 0.17 0.14 (-0.12-0.45) 0.25 
Alpha44 - Alpha16 0.23 0.15 (-0.05-0.52) 0.11 
Alpha53 - Alpha16 0.24 0.09 (0.06-0.41) 0.008 
Alpha54 - Alpha16 -0.26 0.13 (-0.52--0.01) 0.04 
Alpha66 - Alpha16 0.07 0.10 (-0.12-0.26) 0.47 
Alpha68 - Alpha16 0.07 0.12 (-0.15-0.30) 0.53 
Alpha70 - Alpha16 0.10 0.19 (-0.27-0.47) 0.59 
Alpha74 - Alpha16 0.09 0.13 (-0.17-0.36) 0.48 

Ageb         
  18 years ref       
  19 years 0.17 0.10 (-0.03-0.38) 0.10 
  20 years 0.31 0.10 (0.12-0.50) 0.001 
  21 years 0.34 0.10 (0.14-0.53) <0.001 
  22 years 0.37 0.10 (0.17-0.56) <0.001 
  23 years 0.34 0.10 (0.14-0.54) <0.001 
  24 years 0.46 0.10 (0.26-0.66) <0.001 
Ethnicity         
  Dutch ref       
  Non Dutch  0.28 0.07 (0.14-0.42) <0.001 
Education         
  Low ref       
  High -0.28 0.10 (-0.47--0.10) 0.003 
Living situation         
  Partner ref       
  Single 0.24 0.05 (0.14-0.34) <0.001 



 133

Chapter 8

8

Web Table 1. Generalized Estimating Equations (GEE) Regression model of the occurrence of 24 HPV types with a prevalence 
>1%, among the total group of women (n=3679), in the Netherlands (2007-2009). Results are adjusted for age, ethnicity, education, 
having a partner, age of sexual debut, number of sexual partners in the last six months, ever had an STI and HPV type.

Ever had STI 
No ref       
Yes  0.64 0.07 (0.50-0.78) <0.001 
Never been tested 0.39 0.11 (0.17-0.61) <0.001 
missing 0.30 0.05 (0.19-0.40) <0.001 

HPVtype         
HPV16 ref       
HPV18 -0.85 0.09 (-1.03--0.67) <0.001 
HPV31 -0.33 0.08 (-0.49--0.17) <0.001 
HPV33 -1.41 0.11 (-1.63--1.19) <0.001 
HPV35 -1.91 0.14 (-2.17--1.64) <0.001 
HPV39 -1.01 0.10 (-1.21--0.82) <0.001 
HPV45 -2.06 0.14 (2.34--1.78) <0.001 
HPV51 0.09 0.08 (-0.06-0.23) 0.24 
HPV52 -0.14 0.08 (-0.29-0.02) 0.08 
HPV56 -0.87 0.09 (-1.06--0.69) <0.001 
HPV58 -1.58 0.12 (-1.81--1.34) <0.001 
HPV59 -1.82 0.13 (-2.07--1.56) <0.001 
HPV6 -0.8 0.09 (-0.98--0.62) <0.001 
HPV11 -2.28 0.16 (-2.59--1.96) <0.001 
HPV40 -2.15 0.15 (-2.44--1.85) <0.001 
HPV42 -1.88 0.14 (-2.15--1.61) <0.001 

 HPV43 -2.03 0.14 (-2.31--1.74) <0.001 
 HPV44 -1.96 0.14 (-2.23--1.69) <0.001 

HPV53 -0.42 0.08 (-0.58--0.25) <0.001 
HPV54 -1.56 0.12 (-1.80--1.32) <0.001 
HPV66 -0.52 0.09 (-0.69--0.35) <0.001 
HPV68 -1.25 0.11 (-1.46--1.04) <0.001 
HPV70 -2.45 0.17 (-2.79--2.11) <0.001 
HPV74 -1.79 0.13 (-2.04--1.53) <0.001 

Sexual debut         
  <13 years ref       
  14-16 -0.13 0.14 (-0.40-0.15) 0.37 
  17-19 -0.29 0.14 (-0.57--0.01) 0.04 
  >19 -0.56 0.18 (-0.92--0.21) 0.002 
Number of partners in last 6 months     
  0-1  ref       
  >1 0.82 0.05 (0.72-0.92) <0.001 
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Statistical methods
To look at type-specific interactions, pairwise ORs were calculated for each HPV type with all other 
HPV types that had a prevalence of >1% in the combined study populations (all types except for 
HPV34). For each type, we calculated a Mantel-Haenszel estimate of the pooled OR after stratifica-
tion by all other HPV types. This pooled OR represents the underlying affinity of the index type to be 
involved in a co-infection with another HPV type.21 Because each woman contributes multiple infec-
tions, we used 100 bootstrap replications to account for correlated observations in estimating the var-
iance of the pooled OR. Homogeneity of the ORs across co-infecting types was initially assessed with 
the Breslow-Day test. As the Breslow-Day statistic ignores the correlated nature of the data, its signifi-
cance is inflated and we considered possible outliers in more detail in case p < 0.05 under the as-
sumption of independent observations. To assess whether any particular pair of genotypes deviated 
from the pooled OR, we calculated the logarithmic difference between the pair-specific OR and the 
pooled OR in each bootstrap replication. The difference was deemed significant if the middle 95% of 
the resulting distribution of deviates excluded zero.
 As an alternative, we used generalized estimating equations (GEE) to calculate pairwise ORs. GEE 
models are marginal and offer a natural way of estimating association between pairs of binary re-
sponses, while capable of adjusting for the exposure effect on multiple measurements as a whole.30 In 
this analysis, the multiple measurements are HPV infections of the 24 HPV types with a prevalence 
>1% in the combined study populations. In modelling the association between pairs of responses, we 
made use of the alternating logistic regression algorithm of the SAS GENMOD procedure.31,32 This 
algorithm seeks to model the
logarithm of the OR between types j and k for the i-th individual as γ ijk = zTijk α where zijk is a
specified vector of coefficients obtained from the design matrix and α is a vector of regression param-
eters. By specifying γ ijk = α j + α k one obtains an estimate of the affinity for each type to be involved 
in a co-infection with another HPV type, which should be comparable to the Mantel-Haenszel esti-
mates of the pooled OR for each type separately. Note, however, that GEE models the partial contri-
bution of each type to a pairwise association, whereas the Cochrane Mantel Haenszel method 
estimates the OR of this association directly. Latter estimates are therefore a factor two above those 
provided by the GEE model. In addition, the regression framework facilitates assessment of type-spe-
cific differences in affinity on the basis of Wald tests. In absence of type-specific differences, the 
model for pairwise ORs within an individual converges to an exchangeable structure γ ijk = α speci-
fying a common log odds ratio between any pair of HPV genotypes. We also specified a design ma-
trix specifically to assess the affinity for clustering between low risk vs. high risk HPV types.
 Finally, to look at population-specific clustering of HPV, we specified a model with constant pair-
wise ORs between types within the populations, but with a distinct α for each study population 
separately.
Pairwise ORs were estimated using GEE models with and without adjustment for potential risk fac-
tors common to all types. In principle, adjusted models offer better estimates of the residual associa-
tion between HPV types, but unadjusted models are also presented for comparability with 
Mantel-Haenszel estimates of the pooled OR.  

Web Appendix 1. Detailed description of statistical methods.
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ABSTRACT 

Background: Due to the long duration before cervical cancer develops after an hrHPV infection, surrogate 
markers for incidence of cervical cancer are necessary to monitor the effect of Human Papillomavirus 
(HPV) vaccination. Therefore, the aim of this study was to calculate vaccine effectiveness (VE) by assessing 
incident and persistent HPV infections among vaccinated and unvaccinated girls from the general Dutch 
population, three years after vaccination with the bivalent HPV16/18 L1-VLP vaccine.    
Methods: In 2009, 1668 girls (54% vaccinated) aged 14-16 years were enrolled in a prospective cohort study. 
Annually, questionnaire data and a vaginal swab were obtained that were tested for type-specific HPV DNA 
using SPF10-LiPA. VE was estimated by a Poisson model, comparing type-specific infection rates in vacci-
nated and unvaccinated girls. 
Results: The VE (95% CI) against incident HPV16/18 and HPV16/18/31/45 infections was 73% (47%-86%) and 
72% (51%-84%), respectively. The VE against persistent HPV16/18 and HPV16/18/31/45 infections was 100%, 
and 79% (-89%-98%), respectively. A small impact was seen when grouping all HPV types or hrHPV types 
together. While 96% of the girls were HPV naïve at baseline, the cumulative 36-months incidence for an-
yHPV was 23%, indicating a high sexual activity at this age. 
Conclusions: Vaccination is effective against HPV16/18 and 16/18/31/45 incident- and persistent infections. 
The low VE against persistent 16/18 infection in girls who were already positive at baseline indicates the im-
portance of vaccination before sexual debut. Longer follow-up will provide more robust estimates of VE, in 
particular against persistent HPV infections.
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INTRODUCTION

Human papillomavirus (HPV) infection causes approximately 10% of all cancers in women, most notably 
cervical cancer [1]. Annually more than half a million women are diagnosed with cervical cancer worldwide 
and a quarter of a million die of this disease [2]. 
 Since 2006/2007, two prophylactic vaccines were registered against oncogenic HPV genotypes 16 and -18. 
These types are responsible for about 70% of cervical cancers [3]. In clinical trials both vaccines have shown 
efficacy against 6/12-month persistent HPV16/18 infection and CIN2+ lesions of >90% for at least 9 years 
after adminstration [4-6]. Both vaccines have shown cross protective potential. For the bivalent vaccine the 
VE for 6-months persistent HPV31 infection was 77% and for HPV45 infection this was 79% after four years 
of follow up [7], although the efficacy seemed to decrease with increased follow-up time [8]. 
 Like other countries, the Netherlands has included HPV vaccination in the National Immunization 
Program (NIP). The vaccine uptake amounted to 52% in the catch-up campaign performed in 2009 for co-
horts born in 1993-1996 (13-16 years of age)  and 59% in the regular programme targeting girls aged 12 years 
from 2010 onwards  [9].
 Alongside the introduction of HPV vaccination the Health Council of the Dutch government advised to 
monitor its short- and longer term effectiveness in the real-life setting [10]. A factor that complicates moni-
toring is the long duration (more than 20 years) between infection and the development of cancer. With 
screening starting from age 30 years onwards vaccinated cohorts in the Netherlands are still too young to 
assess effectiveness against HPV-related cancers. Early and intermediate surrogate markers allow monitor-
ing the more proximal impact, such as a decreasing trend in genital warts in countries where the quadriva-
lent vaccine is introduced [11,12]. Currently one of the most informative outcomes to measure the potential 
vaccination impact on HPV-related cancers is the effect of the vaccine on intermediate precursors (such as 
incident and persistent infections) in young girls. 
 This study presents three-year follow up results of the HAVANA (HPV Amongst Vaccinated and Non-
vaccinated Adolescents) study [13] on early HPV vaccine effectiveness against incident and persistent 
hrHPV infections by comparing vaccinated and unvaccinated girls from the general Dutch population. In 
addition, we present data on the burden of DNA infections and sexual behaviour in this young age group 
pre- and post-sexual debut.

MATERIALS AND METHODS

Study population and data collection
The HAVANA study has been described previously [13]. In brief, girls aged 14-16, who were eligible for the 
national catch-up vaccination in 2009 and 2010 were invited to participate in a longitudinal study 
(HAVANA) to assess HPV VE in the general Dutch population. At baseline, 1800 girls were enrolled, of 
which 1668 were included in the analysis (girls who did not receive the complete 3 dose regimen and girls 
who were vaccinated after baseline were excluded from the analysis). The study was approved by the 
Medical Ethics Committee of the VU University in Amsterdam (2009/22). 
 Annually a self-administered web-based questionnaire and vaginal swab were collected. Participants 
self-sampled the vagina by inserting a swab (Viba brush) 5 cm into the vagina and rotating it for 5 seconds 
according to the instruction of the manufacturer. Samples were stored in 1 ml PBS for DNA-analysis. 
 Individual vaccination status was extracted from the national vaccination registration system 
‘Praeventis’ [14]. 

HPV DNA detection and genotyping
Vaginal samples were stored at -20 oC. DNA extraction was conducted using MagNA Pure LC Total Nucleic 
Acid Isolation Kit (Roche, Mannheim, Germany).  DNA was eluted in 100µl elution buffer. Broad-spectrum 
HPV DNA amplification using the highly sensitive SPF10-PCR [15] was conducted on 10 µl DNA extract. 
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Amplified HPV DNA was detected with a DNA enzyme-linked immunoassay (HPV-DEIA, Labo 
Biomedical Products, Rijswijk, the Netherlands). HPV-DEIA-positive amplicons were subsequently ana-
lyzed in a reverse line blot assay (HPV-LiPA25, Labo Biomedical Products, Rijswijk, the Netherlands). The 
reverse line blot assay is able to detect the following hrHPV genotypes: -16, -18, -31, -33, -35, -39, -45, -51, -52, 
-56, -58, -59 and 12 other HPV genotypes (lrHPV) with limited evidence for a causal link with cancer: -6, -11, 
-34, -40, -42, -43, -44, -53, -54, -66, -70 and 74 (classification based on the last International Agency for 
Research on Cancer report) [1]. In addition, HPV types -68, -73, and -97 can be detected on the membrane, 
although no distinction between them can be made, and they were classified as HPV68. Samples that were 
HPV-positive in the DEIA analysis but did not reveal any of the 25 HPV-genotypes in the line probe assay 
were considered clinically non-relevant and therefore classified as negative.

Statistical analyses 
Differences in baseline characteristics between vaccinated and unvaccinated girls were tested with a Chi-
square test. Differences in possible risk factors for HPV among vaccinated and unvaccinated girls during 
follow-up were studied in a generalized estimating equation model (GEE) with a logit link. The dependent 
variable was the risk factor and the independent variables were: vaccination status, visit and their interac-
tion. A significant interaction term (p<0.05) was interpreted as a different trend over time of that particular 
risk factor between vaccinated and unvaccinated girls.
 Type-specific incidence rates during follow up were analyzed in girls who were negative for that specific 
type at baseline. Type-specific persistence rates were calculated in girls who were positive on at least two 
consecutive visits. Two separate analyses were performed; one analysis including all girls and one excluding 
girls who were HPV positive at baseline for that particular type. Incidence- and persistence rates were cal-
culated as the number of infections divided by the person-years at risk (Poisson approach), in which per-
son-years were estimated as the sum of the number of visits, i.e. 200 girls with one follow up sample 
contributed 1 person-year, while 113 and 1107 girls contributed 2- and 3 persons-years, respectively. 
 VE and 95% confidence interval was estimated by a Poisson model, comparing type-specific infection rates 
in vaccinated and unvaccinated girls. The Poisson model for the adjusted VE included possible risk factors 
for HPV infection measured at baseline: age, ethnicity, urbanization, education, past- and current smoking, 
oral contraceptive use and sexual activity. 
 To assess the burden of infection in this young population, the prevalence (percentage of girls testing 
positive) per visit was calculated among all girls with data available for that visit (1668 at baseline, 1420 at 
visit 1, 1281 at visit 2 and 1232 at visit 3). Next, cumulative incidence and persistence of HPV infections were 
calculated among girls HPV negative at baseline (n=1064) who participated in all rounds, and was defined 
as any incident or persistent infection during the total follow-up period. 
 To identify risk factors for incident and persistent infections, a time-dependent GEE with a Poisson dis-
tribution and a log-link was used. In case of >5% missing values per variable an extra category for missing 
values was introduced to avoid loss of observations. All statistical tests were two-sided. Significance was de-
termined at the 5% level (P-value ≤0.05).
 All statistical analyses were performed using SAS software package version 9.3 (SAS Institute Inc., Cary, 
NC, USA).

RESULTS

Population characteristics 
The baseline characteristics of the study population stratified by vaccination status are shown in Table 1. 
Urbanization, ever had sex and having a current partner differed significantly between vaccinated and un-
vaccinated girls at baseline. 
 For the total group of girls during follow up, the number of current smokers increased from 12% at base-
line to 40% at 36 months, use of oral contraceptives from 36% to 80% and number of sexually active girls 
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* Only when ever had sexual intercourse 

Table 1. Characteristics at baseline of the 1668 girls in the HAVANA study, overall and stratified by vaccination status. 

  Total Vaccinated Unvaccinated P-value
Demography N % n % n %  

Total 1668 (100) 905 (54) 763 (46)  
Age (n=1649)        
 Mean age (95% CI) 15.1 (15.1-15.2) 15.1 (15.1-15.2) 15.2 (15.2-15.2) 0.1
Ethnicity (n=1640)        
 Indigenous Dutch 1441 (88) 774 (87) 667 (89)  
 Other 199 (12) 114 (13) 85 (11) 0.3
Education (n=1638)        
 low 290 (17) 162 (18) 128 (17)  
 medium 427 (26) 219 (25) 208 (28)  
 high 921 (56) 505 (57) 416 (55) 0.4
Urbanization (n=1646)        
 >1500 823 (50) 528 (59) 295 (39)  
 <=1500 823 (50) 365 (41) 458 (61) <0.001
Ever smoked (n=1639)        
 no 1117 (68) 614 (69) 503 (67)  
 yes 522 (32) 273 (31) 249 (33) 0.3
Current smoking (n=1639)        
 no 1438 (88) 778 (88) 660 (88)  
 yes 201 (12) 109 (12) 92 (12) 1.0
Anticonception (n=1637)        
 no 1045 (64) 580 (65) 465 (62)  
 yes 592 (36) 307 (35) 285 (38) 0.2
Ever had sex (n=1640)        
 no 1239 (76) 697 (78) 542 (72)  
 yes 401 (25) 191 (22) 210 (28) <0.01
       
Sexual debut* (n=401)       
 <=14 199 (50) 95 (50) 104 (50)  
 >14 202 (50) 96 (50) 106 (50) 1.0
Current Partner* (n=400)        
 no 126 (32) 71 (37) 55 (26)  
 yes 274 (69) 121 (63) 154 (74) 0.02
Relationship* (n=206)        
 <= 6 months 61 (30) 26 (27) 35 (32)  
 7-12 months 80 (39) 41 (42) 39 (35)  
 >13 months 65 (32) 30 (31) 35 (32) 0.6
Condom use* (n=268)        
 always 89 (33) 46 (39) 43 (28)  
 not always 179 (67) 71 (61) 108 (72) 0.1
Ever had STI* (n=401)        
 no 355 (89) 166 (87) 189 (90)  
 no but have been tested 42 (10) 23 (12) 19 (9)  
 yes 4 (1) 2 (1) 2 (1) 0.6
Age partner* (n=267)        
 Mean age (95% CI) 17.2 (16.9-17.4) 17.2 (16.9-17.4) 17.1 (16.8-17.4) 0.8
Nr. Sexpartners* (n=398)        
 Mean age (95% CI) 1.7 (1.6-1.9) 1.7 (1.6-1.9) 1.7 (1.6-1.9) 1.0
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from 24% to 70%. About 68% of the sexually active girls at baseline (n=274) and 76% of the sexually active 
girls at 36 months (n=624), reported to have a casual or steady partner. The mean age of their partner and 
the number of lifetime partners was 17.2 years (95% CI 16.9-17.4) and 1.7 partners (95% CI 1.6-1.9) at baseline, 
and 20.5 years (95% CI 20.3-20.8) and 2.8 partners (95% CI 2.6-3.0) at 36 months. Consistent condom use de-
creased from 33% (n=89) at baseline to 11% (n=62) of the sexually active girls during the last follow up. At 
baseline and at visit 3, 1% (n=4) and 3.2% (n=26) of the sexually active girls reported to have ever had an STI, 
respectively. 
 The increase over time in the number of girls that ever had sex was higher in vaccinated than unvacci-
nated girls (p for interaction <0.002). In addition, the number of girls living in an urban area increased 
more over time in vaccinated girls (p for interaction <0.001). For all other factors, the trend over time was 
not different for vaccinated and unvaccinated girls.

VACCINE EFFECTIVENESS

Incident infections
The adjusted VE against an incident HPV16/18 infection was 73%, three years after introduction of vaccina-
tion (Table 2). Interestingly, the adjusted VE against HPV16/18/31/45 was almost as high (72%), but decreased 
for anyHPV (21%) and hrHPV (34%). When excluding HPV16/18/31/45, the VE for the other hrHPV types 
was -18% (Table 2). Similar VE estimates were found when including girls who were vaccinated only once or 
twice (52 girls) (data not shown).
 Type-specific incidence rates ranged from 0.1 infections/100 person-years (95% CI 0.0-0.2) for HPV34, 
-35, -44 and -70 to 2.0 infections/100 person-years (95% CI 1.7-2.5) for HPV51 (Table 3). Among the vacci-
nated girls, a significant lower incidence rate was found for HPV16 and -31 (Table 3). 

Persistent infections
The crude VE against a persistent HPV16/18 infection was 100% (Table 2). This number decreased to 27% 
when girls who were positive for HPV16/18 at baseline were included in the analysis. The same analysis was 
done for a persistent HPV16/18/31/45 infection resulting in 79%, and 26% when including HPV16/18/31/45-
positive girls. In contrast to the high VE for HPV16/18 mentioned previously, the VE against a persistent in-
fection with anyHPV type was -2%. For hrHPV, the VE amounted to 33%, but decreased slightly to 26% 
when excluding HPV16/18/31/45-positive girls. The VE estimates including girls who were vaccinated only 
once or twice (52 girls) tended to be lower (although not significantly).  
 Type-specific persistence rates ranged from no persistent infections for HPV45, -34, -40, -44, -70, -74 to 
0.3 infections/100 person-years (95% CI 0.2-0.6) for HPV51, -52, and -66 (Table 4). 

Multiple infections
Multiple HPV types (95% CI) were detected in 22% (12%-31%) of the HPV-positive girls at baseline, 21% of 
the girls (13%-29%) at 12 months, 33% at 24 months (26%-40%) and 40% (33%-45%) at 36 months. The mean 
number of HPV types (95% CI) per HPV-positive girl was 1.3 (1.1-1.5) at baseline, 1.3 at 12 months (1.1-1.4), 1.5 
at 24 months (1.4-1.7) and 1.7 (1.5-1.8) at 36 months. There was no significant difference in the mean number 
of HPV types for vaccinated and unvaccinated girls at baseline, 12- and 24 months. However, at 36 months a 
significant lower number of multiple infections for vaccinated individuals was found; 1.5 for vaccinated girls 
(1.3-1.6) vs. 1.9 infections (1.7-2.2) for unvaccinated girls, p<0.001). 

Burden of infection
At baseline, only 4.0% of the girls was HPV positive (2.4% hrHPV), meaning that 96% of the girls was HPV 
naïve. The prevalence increased during the study period for anyHPV and hrHPV, in line with the increase 
in girls who reported to have ever had sex (Figure 1). No significant difference was found in HPV prevalence 
per visit in girls who completed all four visits compared to girls who had less visits.
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 In the selected group of girls who participated in all study rounds, we were able to estimate the number 
of girls who acquired at least one infection during follow-up (cumulative incidence). This resulted in a cu-
mulative incidence at 36 months of 23% of the girls (244 incident infections). From these infections, 153 were 
hrHPV incident infections, amounting to a 36-months cumulative incidence of 14% for hrHPV. The cumu-
lative 36-month persistence among the 1064 girls eligible for this analysis was 5% for anyHPV and 3% for 
hrHPV. 

Risk factors  
Risk factors that were significantly associated with any incident infection in our multivariable model were 
high urbanization degree (OR=1.7, 95% CI 1.3-2.0), not being Dutch (OR=1.5, 95% CI 1.1-2.1), and an increased 
number of lifetime sexual partners (>2 vs. 0 partners (OR=8.2, 95% CI 2.0-32.1). 
 The same risk factors were found for an incident hrHPV infection, that is high urbanization degree 
(OR=2.0, 95% CI 1.3-2.5), not being Dutch (OR=2.1, 95% CI 1.4-3.2), and an increased number of lifetime sex-
ual partners (>2 vs. 0 partners (OR=4.4, 95% CI 1.1-17.6). For a persistent infection the risk factors were cur-
rent smoker (OR=4.2, 95% CI 0.6-28.2), and a partner older than 17 vs. no partner (OR=11.0, 95% CI 
2.0-66.7). The multivariable model for hrHPV persistent infections did not converge. Age, education, ever 
smoker, oral anticonception use and number of years sexually active were no significant risk factors for an 
incident or persistent HPV infection. 

DISCUSSION 

Through enrolling a cohort of newly sexually active young girls with minimal previous exposure to HPV, 
we were able to monitor the early impact of HPV 16/18 vaccination by estimating vaccine effectiveness 
against newly acquired incident and persistent HPV infections. We found a high VE against incident 
HPV16/18 infections (73%) and HPV16/18/31/45 infections (72%). Although numbers were small, the VE 
against persistent 16/18 was 100% and 79% for HPV16/18/31/45. The low effectiveness (27%) against persistent 
16/18 infection in girls who were already positive at baseline, indicates the importance of vaccination before 
sexual debut. 

Figure 1: Percentage of girls who ever had sex (black bars) and any (light grey) or high risk (dark grey) HPV prevalence during 
follow up among the total group of girls in the HAVANA study (baseline n=1668, visit 1 n=1420, visit 2 n=1281, visit 3 n=1233).
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 Compared with the efficacy found in a clinical trial of the bivalent vaccine among girls aged 15-25 (92%) 
the VE in this study against incident 16/18 infections was slightly lower [16]. This might be due to character-
istics of the vaccine target population, such as sexual mixing patterns among different sub-populations, 
past HPV infections or a lower immune response to vaccination. Since prophylactic vaccines are inhibiting 
the transition of an incident infection to a persistent infection, most clinical trials have not used incident 
infections but persistent infections or CIN lesions as an outcome to estimate vaccine efficacy. However, 
characterizing these incident infections can provide us with information on HPV circulation after HPV 
vaccination and may further expand our understanding of infectivity, which can aid models of HPV trans-
mission. In addition, the VE against type-specific incident and persistent infections are not confounded by 
co-infections with non-vaccine types, which could be the case for VE against CIN lesions.
 It is however still important to look at co-infections, because it is known that an estimated 20-50% of 
women harbor multiple infections [17]. In the current study we found that three years after introduction of 
HPV vaccination, a significant lower number of multiple infections was detected among vaccinated girls. 
Furthermore, when looking at the impact of the vaccine on the combined estimates of any or hrHPV inci-
dent or persistent infection, we found that the VE estimates were low. Although this is expected due to the 
relatively low percentage of HPV16/18, these data are relevant to assess cross-immunity/type-replacement or 
the effect of increased sexual risk behaviour among vaccinated individuals. For example, if sexual risk be-
haviour would increase more among vaccinated girls, VE for hrHPV or anyHPV would be low. Indeed, in 
our study additional adjustment for covariates that differed significantly over time between vaccinated and 
unvaccinated girls (ever had sex and urbanization degree) gave slightly higher VE estimates (data not 
shown).  
 Depending on the aim of the study, adjustment for characteristics of the study population at baselinwe 
and follow-up is necessary. Differences between vaccinated and unvaccinated girls at follow-up can either 
be directly due to vaccination, e.g. less perceived risk and therefore more risk behaviour, or indirectly be-
cause girls who choose to be vaccinated are a different population than girls who choose not to be vacci-
nated, and this may only become apparent if the girls start having sex, i.e. at follow-up. If the aim is to study 
impact of the vaccination program adjustment may not be necessary (although it might be considered given 
selective participation in the study cannot be ruled out) as the differences between vaccinated and unvacci-
nated girls, e.g. in sexual risk behaviour, will also exist in the general population. If the aim is to study the 
effect of the vaccine itself, adjustment is needed.  For example, some have hypothesized that other HPV 
types might increase when the vaccine types (HPV16/18) are removed due to introduction of the vaccine 
(type-replacement). Not differentiating between the direct and indirect effect might lead to wrong conclu-
sions, such as imputing the increase in prevalence of non-vaccine types among vaccinated girls to type-re-
placement (while it is for example caused by a difference in sexual behaviour among both groups). 
Irrespective of vaccination status, this cohort is unique in describing the natural history of HPV among this 
young age group (median age of 15 at baseline, some even sexual naïve). The cumulative 36-month incidence 
was lower than other studies [18, 19], although not surprising, because these studies were in older women 
(aged 18 or older). An age-dependent increase was also observed in our cohort. The HPV prevalence in-
creased during follow up (almost five-fold for anyHPV and six- fold for hrHPV), in line with the three fold 
increase in the percentage of sexually active girls. 
 Most of the risk factors for incident HPV infections observed in this study have been reported elsewhere 
and confirm that the risk of an HPV infection is strongly influenced by sexual behaviour [20-22]. 
Interestingly, we found that being a current smoker was associated with a persistent-, but not with an inci-
dent infection. Some studies have shown a positive relationship between risk of HPV infection and smoking 
[23], suggesting it may be a proxy for high risk sexual behaviour although in our study it was not a risk fac-
tor for an incident infection. Others suggest smoking may influence the immune system [24]. 
 In conclusion, we observed effectiveness of HPV vaccination measured through intermediate outcomes, 
i.e. incident and persistent HPV16/18 and 31/45 infections already shortly after introduction of a national 
HPV vaccination program. A small impact was seen when grouping all HPV types or hrHPV types to-
gether. In addition, a reduction in multiple infections was observed among vaccinated versus unvaccinated 
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girls. Although in the current study there was not enough power to calculate the adjusted VE for persistent 
HPV16/18 infections, the unadjusted VE of 100% is encouraging. In addition, the low VE (27%) against per-
sistent 16/18 infection in girls who were already positive at baseline indicates the importance of vaccination 
before sexual debut.  Further follow up of these girls will enable us to estimate VE more robustly. 
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ABSTRACT

The bivalent HPV16/18 vaccine induces high antibody concentrations in serum while data about antibody 
responses in the cervix are limited. In this study, we investigated pre- and post-vaccination antibody re-
sponses against seven high-risk HPV types by detection of IgG and IgA HPV-specific antibodies in cervical 
secretion samples (CVS) and serum. From an HPV vaccine monitoring study CVS and serum samples were 
available (pre-vaccination (n=297), one year (n=211) and two years (n=141) post-dose-one vaccination) from 
girls aged 14-16 years. The girls were vaccinated with the bivalent HPV vaccine at months 0, 1 and 6. CVS 
was self-sampled using a tampon. Samples were tested for HPV-specific antibodies (HPV16/18/31/33/45/52/58) 
by a VLP-based multiplex immunoassay. Post-vaccination, IgG and IgA antibody levels for HPV16/18 were 
detectable in CVS and amounted to 2% and 1% of the IgG and IgA antibody levels observed in serum, re-
spectively. The antibody levels remained constant between one and two years after vaccination. The correla-
tion between CVS and serum was similar for IgG and IgA vaccine-derived antibody levels for HPV16 
(rs=0.58, rs=0.54) and HPV18 (rs=0.50, rs=0.55). Vaccine-derived IgG antibody levels against cross-reactive 
HPV types in CVS and in serum were highest for HPV45. No IgA cross-reactive antibody responses could 
be detected in CVS. Post-vaccination, HPV16/18 IgG and IgA antibodies are not only detectable in serum 
but also in CVS. The correlation of HPV16/18 IgG antibody levels between serum and CVS suggests that 
vaccine induced HPV antibodies transudate and/or exudate from the systemic circulation to the cervical 
mucosa to provide protection against HPV infections.



 158

Monitoring HPV vaccination | Vaccine Impact

INTRODUCTION

The HPVs that cause ano-genital cancers are sexually transmitted and can infect the basal cells of the cervi-
cal epithelium. Therefore, HPV vaccines need to induce protective antibody levels at the cervix where HPV-
specific antibodies can prevent infection of keratinocytes [1,2]. Prophylactic vaccination with the two 
available HPV vaccines, a bivalent and a quadrivalent protects against infections with the most common 
high-risk HPV types detected in HPV associated cancers, HPV16 and 18.  Both vaccines have proven to be 
very efficacious in the prevention of cervical intraepithelial neoplasia (CIN) in HPV naïve women [3,4]. 
Also protection against CIN2+ of cross-reactive HPV types has been observed and for the bivalent vaccine 
this amounted to 84%, 59% and 50% for HPV31, 33 and 45 up to 4 years after vaccination, respectively [5,6]. 
Antibody levels were found to be 10-100 times higher in vaccinated individuals as compared with naturally 
infected individuals [7], while the mechanism by which vaccine-induced antibodies contribute to antibody 
levels at the cervix is not yet completely understood. Vaccine-induced antibodies localized in the genital 
tract might be derived from the systemic circulation by transudation or exudation of antibodies across the 
cervical epithelium to the mucus as a result of micro-lesions of the cervical epithelium that can easily occur 
e.g., during sexual intercourse [8,9].
 In the Netherlands, the bivalent HPV vaccine was included in the national immunization program in 
2010 for girls 12 years of age. A catch-up vaccination campaign was performed for girls 13-16 years of age [10].
Here, we present data of IgG and IgA HPV-specific antibody levels pre- and up to two years post-vaccina-
tion in self-sampled cervical secretion and serum samples for HPV types 16, 18, 31, 33, 45, 52, and 58 of ado-
lescent girls eligible for catch-up vaccination. 

MATERIALS AND METHODS

Study design
A random sample of 9500 girls aged 14-16 years eligible for the national catch-up HPV vaccinations was in-
vited into the HAVANA (HPV Amongst Vaccinated And Non-vaccinated Adolescents) study of which 1151 
(12%) girls participated in the study [11]. Each girl was asked to fill in a questionnaire, to provide a blood 
sample and optionally a CVS by using a tampon. Both CVS and blood samples were available from 737 girls 
pre-vaccination (M0, 2009), from 451 girls one year after the first vaccination (M12, 2010), and from 459 girls 
two years after the first vaccination (M24, 2011). A signed informed consent was obtained from all partici-
pants and their parents. The study was approved by the medical ethics review committee of the Free 
University Amsterdam (approval number: 2009/22).

Collection of cervical secretion and serum samples
Cervical secretion was collected using a tampon (mini-pro comfort, OB, Johnson & Johnson Consumer). 
Girls were asked to use a tampon for 2 hours when they were not menstruating. CVS were collected from 
the tampons by addition of 0.5 ml of PBS containing complete protease inhibitor cocktail (1 tablet/50 ml, 
Roche Diagnostics catalog No. 11836145001) and subsequent centrifugation for 30 minutes, 3,200 g at 4oC. 
To assess for the presence of blood, CVS were evaluated using the Hemastix® (Siemens Healthcare 
Diagnostics Inc., catalog No. 2597428) reagent strip test according to manufactures instructions. CVS were 
categorized into the following categories: no trace, 20, 25, 80, 200, and >200 erythrocytes/µl.

VLP-based multiplex immunoassay
CVS and serum samples were stored at -80oC until analysis. For the measurement of HPV-specific IgG and 
IgA antibodies against HPV L1 virus-like-particles (VLP) 16, 18, 31, 33, 45, 52, and 58, a VLP-based multiplex 
immunoassay (MIA) was used as earlier described [12]. GSK (GlaxoSmithKline Biologicals S.A., Rixensart, 
Belgium) kindly supplied the HPV-VLPs. Briefly, VLPs were coupled to fluorescent microspheres. Sera and 
CVS were incubated with the microspheres in a 1/50 and 1/100 dilution (pre-vaccination) and in a 1/50 up to 
10,000 dilution (post-vaccination). HPV-specific IgG and IgA antibodies were detected using a 1/200 
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dilution of R-phycoerythrin conjugated goat anti-human IgG or IgA (Jackson ImmunoResearch laborato-
ries Inc., catalog No. 109-116-098) in PBS. Four in-house control sera and an in-house standard were used 
on each plate. The in-house standard (IVIG, lot LE12H227AF, Baxter catalog No. 1500912) was calibrated 
against reference serum of GSK for all the seven HPV types.  HPV-specific antibodies were analyzed using 
the Bioplex system 200 with Bioplex software (Bio-Rad Laboratories). Sera were assumed to be IgG seropos-
itive at the following cut-offs determined previously with this assay: 9, 13, 27, 11, 19, 14, and 31 Luminex 
Units/ml (LU/ml) for HPV16, 18, 31, 33, 45, 52, and 58, respectively. 
 As no cut-off values for CVS are known, we used the serum cut-off values as an arbitrary cut-off for IgG 
seropositivity in CVS. IgA antibody concentrations were expressed in arbitrary RIVM U/ml using the in-
house standard as reference serum. No international HPV-specific IgA reference serum is available and cut-
off values for IgA seropositivity could not be determined. To test for possible inter-immunoglobulin isotype 
competition, a panel of serum samples (n=40) were depleted of IgG by adding GullSORB (10:1 vol/vol) 
(Meridian Bioscience Inc., catalog No. XX715). We did not observe any interference of IgG in the IgA 
measurement.
 IgG antibodies against tetanus and diphtheria toxoid in serum and CVS were measured using a multi-
plex immunoassay as described previously [13,14]. In order to account for the variation of the IgG levels in 
CVS during the menstrual cycle, total IgG was measured in a subset of CVS and serum samples (n=35).

Statistical methods
All analyses were carried out in GraphPad Prism version 5. For the analyses, results were included from 
girls who had been vaccinated three times with the bivalent HPV vaccine, who delivered both a CVS and 
serum sample at M0, M12 and/or M24 and from whom the CVS contained a blood trace of ≤25 erythro-
cytes/µl. Significant (p<0.05) differences in GMCs were calculated using a Mann-Whitney test and differ-
ences between paired samples were calculated with the paired t-test of log-transformed data. Correlations 
between antibody concentrations in CVS and serum were calculated using the Spearman rank correlation 
coefficient (rs).  

RESULTS

Study characteristics
The mean age of the participating girls at the beginning of the study was 15.1 years. Girls were vaccinated 
with the bivalent HPV vaccine in a 2+1 vaccination schedule at months (M) 0, M1 and M6. At baseline (M0) 
297 out of 737 girls provided both a cervical secretion sample (CVS) containing a blood trace of ≤25 erythro-
cytes/µl and serum sample (Figure 1). One year (M12) and 2 years after the first vaccination (M24) 211/451 
and 141/461 of these combined samples were available, respectively. For the non-vaccinated girls at M0 
(n=122), M12 (n=73) and at M24 (n=48) the combination of a CVS containing a blood trace of ≤25 erythro-
cytes/µl and serum sample was available. The use of oral contraceptives (OC) in vaccinated girls increased 
from 29% (87/297) at M0 up to 53% (111/211) at M12.

Evaluation of the measurement of HPV-specific antibodies in CVS collected with tampons. 
The tampon self-collection method was evaluated by measuring the recovery of HPV16 IgG and IgA anti-
body levels in CVS before and after tampon extractions. CVS (n=25) were pooled and spiked with a sample 
of HPV16 IgG and IgA with antibody concentrations varying from low to high antibody levels. Importantly, 
the concentrations of HPV16 IgG and IgA antibodies before and after the tampon extractions were similar 
although not all the CVS volume can be centrifuged from the tampon. This spiking experiment indicates 
that there is no effect of the tampon on the HPV-specific antibody concentration in CVS. 
 As high antibody levels are present in serum even small blood traces could account for a considerable 
contribution to the antibody levels in CVS. We found that HPV16 and 18 antibody concentrations in CVS 
with a blood trace of ≤25 erythrocytes/µl were comparable to antibody concentrations in CVS with no 
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blood trace (Figure 2). However, in CVS with blood traces ≥25 erythrocytes/µl we observed an increasing 
linear trend in HPV16 (p=0.02) and HPV18 (p=0.03) antibody concentrations. 
 The effect of OC use on vaccine-derived HPV16 and 18 antibody levels one year after the first HPV vacci-
nation were not significantly different between OC users and non-OC users (data not shown).

IgG and IgA antibody concentrations for HPV16 and 18  
and phylogenetically related HPV types in serum
Pre-vaccination, only 10/297 (3.4%, 95%CI 1.7-5.9%) and 9/297 (3.0%, 95%CI 1.5-5.5%) girls showed IgG anti-
body concentrations in their serum above the cut-off values for HPV16 and HPV18, respectively. HPV16 and 
HPV18 geometric mean concentrations (GMCs) (0.5 and 0.6 LU/ml, respectively) were far below cut-off val-
ues. Post-vaccination (6 months after the last vaccine dose), all girls seroconverted. HPV16 and 18 antibody 
concentrations significantly increased as compared to pre-vaccination and GMCs amounted to 3162 LU/ml 

Figure 1. Flow diagram of available cervical secretion samples (CVS) and serum samples.

Figure 2. The effect of blood contamination on HPV16 (dark grey line) and HPV18 (light grey line) geometric mean concentrations 
(GMC) in cervical secretion samples (CVS)
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Figure 3. Antibody responses for HPV16, HPV18 and phylogenetically related HPV types 31, 33, 45, 52 and 58 in serum for IgG 
(A) and IgA (B) pre-vaccination (M0, light grey dots), one year after the first vaccination (M12, dark grey dots) and two years after 
the first vaccination (M24, black dots). 

*** p < 0.0001.
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Figure 5. Spearman rank correlations (rs) between HPV16 and 18 IgG (A and B) and IgA antibody levels (C and D) in serum and 
cervical secretion samples (CVS) one year after the first vaccination (M12). X and Y-axis are in logarithmic scale.

Figure 4. IgG antibody responses for HPV16, HPV18 and for phylogenetically related HPV types 31, 33, 45, 52 and 58, pre-
vaccination (M0, light grey dots), one year after the first vaccination (M12, dark grey dots), and two years after the first vaccination 
(M24, black dots) in cervical secretion.

*** p < 0.0001. 
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(95%CI, 2712-3686 LU/ml) and 1611 LU/ml (95%CI, 1357-1913 LU/ml), respectively (Figure 3A). These HPV 
antibody concentrations remained constant in the subsequent year, thus 6-18 months after the last vaccina-
tion. A similar result (no decrease) was found when the analysis was restricted to girls who provided sam-
ples at both 6 and 18 months (n=69 pairs) after the last vaccine dose.
 Post-vaccination cross-reactive IgG antibody responses were highest for HPV45 and from all girls tested, 
89% (95%CI 84-93%) showed antibody concentrations above the cut-off values for HPV45.  For HPV31, 33, 52 
and 58 this resulted in 66% (95%CI 59-72%), 55% (95%CI 48-61%), 62% (95%CI 55-68%) and 43% (95%CI 37-
50%) seropositivity, respectively. Cross-reactive HPV antibody concentrations remained constant in the 
subsequent year. 
 Pre-vaccination, HPV16 and HPV18 IgA GMCs amounted to 0.8 and 0.1 RIVM U/ml, respectively. After 
vaccination, HPV16 and HPV18 IgA antibody responses in serum at M12 rose to 112 RIVM U/ml (95%CI 93-
136 RIVM U/ml) and 43 RIVM U/ml (95%CI 35-54 RIVM U/ml), respectively, and similar antibody levels 
were found at M24 (Figure 3B). The cross-reactive IgA antibody levels for the other 5 HPV types increased 
after vaccination which was most pronounced for HPV31 but for the other cross-reactive HPV types this in-
crease was quite low.  

IgG and IgA antibody concentrations for HPV16 and HPV18  
and phylogenetically related HPV types in cervical secretion. 
Before vaccination in CVS, HPV16 and 18 GMCs were near detection limits (0.1 LU/ml) and significantly in-
creased after vaccination. IgG antibody concentrations detected in CVS amounted to approximately 2% of 
the IgG serum antibody concentrations both for HPV16 (GMC 51 LU/ml, 95%CI 41-64 LU/ml) and 18 (GMC 
25 LU/ml, 95%CI 20-31 LU/ml) (Figure 4). At M12 88% (95%CI 83-92%) and 70% (95%CI 63-76%) of the girls 
had IgG antibody concentrations in CVS above cut-off values for HPV16 and HPV18, respectively. These lev-
els remained constant up to M24.
 The 5 cross-reactive HPV types also showed a significant increase in IgG antibody concentrations at M12 
compared with M0, however, few girls had antibody levels above cut-off values varying from 0-3% for 
HPV58 to HPV45. Similar to serum antibody levels, highest cross-reactive antibody levels in CVS were also 
found for HPV45. Cross-reactive HPV antibody concentrations in CVS remained constant up to M24.
The IgA antibody concentrations for HPV16 and 18 in CVS amounted to approximately 1% of serum IgA an-
tibody levels. For the other 5 HPV types no IgA responses could be detected.

Figure 6. Spearman rank correlations (rs) between IgG antibody levels of HPV16 and HPV18 in serum (A) and cervical secretion 
samples (CVS) (B) one year after the first vaccination (M12). X and Y-axis are in logarithmic scale.
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Seropositivity in non-vaccinees
Non-vaccinated girls were tested for HPV antibody seropositivity at M0 (n=122), M12 (n=73) and M24 
(n=48) (Figure 1). In non-vaccinated girls, a higher HPV16 IgG seroprevalence was found at M12 (5/73 girls, 
6.8%, 95%CI 2.6-14.5%) and M24 (6/48 girls, 12.5%, 95%CI 5.2-24.2%) compared with M0 (2/122 girls, 1.6%, 
95%CI 0.3-5.3%). At M12, GMCs of HPV seropositive girls were approximately 150 times and 40 times lower 
as compared to vaccine induced antibody concentrations for HPV16 and 18, respectively. For HPV45 and 33 
similar seroprevalences were found as compared to HPV16. For the other 4 HPV types a small rise in sero-
prevalence was observed at M24: 2/48 girls for HPV18 and HPV31 as compared to M0 (0/122) and 1/48 girls 
for HPV52 and HPV58 as compared to M0 (1/122).  In CVS, IgG antibodies above cut-off values were only 
detectable for HPV16 and 18 at M12 (HPV16/18 both in 1/73 girls) and at M24 (HPV16 2/48 girls, HPV18 1/48 
girls). IgA antibodies in CVS and serum samples were very low and near the detection limit. 

Correlations between serum and cervical secretion IgG and IgA antibody levels. 
One year after vaccination we found similar correlations between the IgG antibody concentrations in 
serum and CVS for both HPV16 (rs=0.58) and HPV18 (rs=0.50) (Figure 5A and 5B, respectively). Although 
IgA antibody levels in CVS were low also similar correlations between serum and CVS IgA levels were 
found for HPV16 (rs=0.54) and HPV18 (rs=0.55) (Figure 5C and 5D, respectively). 
 Despite the lower levels in CVS, we observed after vaccination at M12 a high correlation between the 
HPV16 and HPV18 IgG antibody levels in serum (rs=0.83) and CVS (rs=0.88) (Figure 6A and 6B, respec-
tively).  Comparable correlations were found at M24. Normalizing the antibody concentrations in CVS and 
in serum to the amount of total IgG, we did not observe any alterations in the correlations for both HPV16 
and HPV18.  

IgG antibodies against tetanus and diphtheria toxoid in cervical secretion and serum. 
We determined the presence of vaccine induced IgG antibody levels against tetanus (Tt) and diphtheria tox-
oid (Dt) in serum and CVS. The cervical mucosa is not a site of local production of antibodies for these 
pathogens and therefore the detection of Dt and Tt specific antibodies in CVS can be used as a transudation 
or exudation marker. Interestingly, we found a high correlation between IgG antibody concentrations in 
serum and in CVS for Tt (rs=0.73, n=35) and Dt toxoid (rs=0.78, n=35) in samples of girls at M12 (data not 
shown).

DISCUSSION

In this study, we could establish the presence of HPV-specific IgG and IgA antibodies in CVS but the levels 
were much lower than in serum. Constant HPV16/18 IgG antibody levels in serum and CVS were found up 
to two years post-vaccination. 
 HPV16/18 IgG and IgA levels in CVS amounted to approximately 2% and 1% of the IgG and IgA levels in 
serum, respectively. We found a correlation between the HPV16 and 18 antibody levels in serum and CVS 
up to two years after the first vaccination indicating that probably transudation and/or exudation of anti-
bodies from the systemic circulation to the cervical mucosa takes place. 
In this study, CVS was self-sampled with a tampon while in other studies CVS is mostly collected with 
sponges [8, 9,15], which have to be placed in the cervix by a physician. This might be unpleasant, and is not 
suitable for large-scale studies.  The girls found the tampon as collection method easy in use and comforta-
ble. This collection method might contribute to better participation rates in large-scale studies. In addition, 
the determination of HPV-specific antibodies in CVS was also easy after extraction of the sample and the 
tampon collection method had no effect on the antibody concentrations.
 The menstrual cycle has been reported to have effect on antibody levels in the genital tract [16]. Around 
ovulation Ig antibody levels might decrease because of a protective mechanism that reduces the level of 
anti-sperm antibodies in the female genital tract at the time of ovulation [17]. Kemp et al found differences 
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between IgG levels in serum and CVS during the menstrual cycle based on a small number of observations 
[8]. Therefore, information was collected on the last menstruation from the participants. We relied on self-
reported data that might be less accurate than detection of sex hormones during the menstrual cycle [17].  
We did not find an effect between non-OC and OC users even when we normalized to the total amount of 
IgG. 
 The increase in HPV IgG seroprevalence in non-vaccinated individuals is similar to the step-up in 
HPV16 seroprevalence as observed in a large Dutch sero-epidemiological study in young adolescent girls 
[12]. IgG antibodies in CVS were very low and near detection limits indicating that antibody measurements 
in CVS in a non-vaccinated population might not be suitable for the detection of naturally derived HPV-
specific antibodies. 
 To prevent HPV from entering the keratinocytes in the cervix, prophylactic HPV vaccination should in-
duce a first line of defense by eliciting sufficient amounts of antibodies [18]. We found detectable antibody 
levels in CVS among vaccinated girls but these levels were approximately 60 fold lower than serum levels. 
Antibody levels in CVS remained constant for at least two years post-vaccination. In 10% and 30% of the 
girls, we were not able to detect HPV16 and 18 antibody levels in CVS, respectively, although HPV16 and 18 
antibody levels in serum were high. These findings were comparable with other studies [1,8, 9,19], although 
in most studies less stringent exclusion criteria were handled for blood contamination in CVS as compared 
with our study. Despite a high vaccine efficacy against precancerous cervical lesions associated with 
HPV16/18 or cross-reactive HPV types [3,6,20], girls without detectable antibodies in CVS might be the first 
at risk for HPV infections. However, a recent study showed that in mice also low vaccine-derived antibody 
concentrations can neutralize the virus and inhibit the binding of the virus to the basal cells of the cervical 
epithelium at another stage of infection [21,22]. Although we showed that after HPV16/18 vaccination cross-
reactive antibodies against HPV52 and 58 were detectable in both serum and CVS, the biological relevance 
of these antibodies is probably limited, as vaccine monitoring studies did not observe any cross-protection 
[5,6]. 
 Moreover, at present the lowest level at which HPV16 and 18 antibodies exert their protective effect 
against an HPV infection is unknown.  
 Although in most mucosal tissues IgA-producing cells are predominant, the endocervical mucosa con-
tains a higher proportion of plasma-derived or locally produced IgG antibodies, which are detectable in 
cervico-vaginal secretions [17,23-25]. The higher IgG proportions in cervico-vaginal secretions might also 
depend on the location of sampling and different sampling techniques [24]. However, after natural infection 
it is shown that HPV specific IgA antibodies are detectable at the cervix, mainly in persistent HPV infec-
tions [26-29]. Data about IgA antibody responses after vaccination are limited. Although IgA levels were 
much lower as compared to IgG levels, we detected HPV16 and 18 specific IgA responses with high correla-
tions between serum and CVS. Whether these vaccine-derived HPV16 and 18 IgA antibody levels in the sys-
temic circulation play a role in HPV neutralization is unknown. However, Bontkes et al. already observed 
that after HPV infections systemic IgA responses in women with abnormal cytology were actually more as-
sociated with HPV clearance than locally produced IgA at the cervical mucosa. The systemic IgA responses 
might be an indication of a successful cellular immune response induced at the local lymph nodes, medi-
ated by cytokines [30]. 
 The correlations of HPV16 and 18 IgG and IgA antibody levels between serum and CVS might denote 
that vaccine derived antibodies transudate from the systemic circulation to the cervical mucosa [18,31]. As 
antibody levels in CVS remained constant for at least 2 years post-vaccination, these levels might contribute 
to a protective environment at the cervix. This hypothesis is supported by the high correlations between an-
tibody levels specific for diphtheria and tetanus toxoid in serum and CVS because these vaccine-induced 
antibodies are not produced at the cervical matrix. In CVS, increasing HPV antibody concentrations were 
found when more erythrocytes were detected. This indicates that exudated blood probably originating from 
small lesions in the cervix also can contribute to the presence of HPV specific antibodies at the cervix. 
Protection at the cervix is not necessarily only based on antibodies that transudate or exudate from the sys-
temic circulation to the mucosa. It can also be facilitated by other immune mechanisms e.g., local 
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production of antibodies in which IgG and IgA are produced primarily in mucosal associated lymphoid tis-
sues and are actively transported into mucosal secretions [32].

In conclusion, after vaccination with the bivalent HPV vaccine HPV16 and 18 IgG and IgA antibodies were 
detectable in CVS and these antibody concentrations correlate well with serum antibody levels. Antibody 
levels in CVS were lower as compared to serum and levels remained constant up to two years post-vaccina-
tion. The correlation between Tt and Dt IgG antibodies in serum and CVS suggests that vaccine induced 
antibodies in the systemic circulation might transudate and/or exudate to the cervical mucosa although 
other immune mechanisms can not be excluded. These important immune mechanisms probably contrib-
ute to sufficient antibody levels at sites where HPV infections actually take place and therefore can provide 
protection against HPV infection and/or re-infections.  
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ABSTRACT 

Background: In the Netherlands, human papillomavirus (HPV) vaccination is part of a national pro-
gramme equally accessible for all girls invited for vaccination. To assess possible inequalities in vaccine up-
take, we investigated differences between vaccinated and unvaccinated girls with regard to various 
characteristics, including education and ethnicity, (both associated with non-attendance to the national 
cervical screening programme), sexual behaviour and knowledge of HPV.
Methods: In 2010, 19,939 nationwide randomly-selected 16-17 year-old girls (2009 vaccination campaign) 
were invited to fill out an online questionnaire. A knowledge scale score and multivariable analyses identi-
fied variables associated with vaccination status. 
Results: 2989 (15%) of the selected girls participated (65% vaccinated, 35% unvaccinated). The participants 
were comparable with regard to education, ethnicity, most sexual risk behaviour and had similar knowl-
edge scores on HPV transmission and vaccination. However, unvaccinated girls lived in more urbanised 
areas and were more likely to have a religious background. Irrespective of vaccination status, 81% of the 
girls were aware of the causal relationship between HPV and cervical cancer, but the awareness of the ne-
cessity of cervical screening despite being vaccinated was limited.
Conclusions: Routine HPV vaccination could reduce the social inequity of prevention of cervical cancer. 
Uptake was not associated with knowledge of HPV and with factors that are known to be associated with 
non-attendance to the screening programme. Furthermore, most sexual behaviour was not related to vacci-
nation status meaning that unvaccinated girls were not at a disproportionally higher risk of being exposed 
to HPV as teenagers.
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BACKGROUND

Human papillomavirus (HPV) infection is one of the most common sexually transmitted infections (STI) 
worldwide. By the age of 50, about 80% of sexually active women will acquire HPV. [1-3] Most infections are 
transient and around 90% clears within two years. [4,5]  However, a persisting high-risk HPV infection is 
the most important risk factor for the development of premalignant cervical intraepithelial neoplasia 
(CIN1-3) and cervical cancer.  [6]
 Since 2006, a quadrivalent vaccine that induces protection against HPV types 6, 11, 16 and 18 (Gardasil®), 
and in 2007 a bivalent vaccine against HPV type 16 and 18 (Cervarix®) are available. Both have shown an ef-
ficacy of >90% in preventing CIN2/3. [7-8] 
In the Netherlands, the bivalent HPV vaccine (Cervarix®) targeting 12-year-old girls became part of the 
National Immunisation Programme in 2010. In 2009, girls aged 13 to 16 years were offered this vaccine dur-
ing a “catch-up” vaccination programme where the uptake amounted to 52%. [9] HPV vaccination uptake 
depends on diverse factors. In the United Kingdom, schoolgirls from ethnic minorities had a lower vaccine 
uptake and in the United States, girls with lower socio-economic status were less likely to take up the full 3 
doses of the vaccine. [10,11] In the Netherlands, socio-economically disadvantaged women and women of 
non–Dutch nationality attend the national cervical screening programme less frequently. [12] More than 
half of the cervical cancers are diagnosed in women who do not attend the Dutch screening programme. 
[13,14] Reducing the occurrence of cervical cancer might thus be hampered if girls who tend to decline HPV 
vaccination now are also screened less often in the future. 
 Prior to introduction of vaccination, some studies have been reported on girls’ intention to be vacci-
nated. [15-17] However, little is known about the characteristics of girls in relation to actual HPV vaccina-
tion uptake. This study aims to explore differences between vaccinated and unvaccinated girls with regard 
to characteristics such as education, ethnicity, (sexual) risk behaviour and knowledge of HPV. 
Understanding the features of these two groups could provide insight in future vaccine and screening tar-
geting efforts.

METHODS

Study population and study design
A nationwide self-reported cross-sectional study of 16-17-year-old girls was performed in the Netherlands in 
December 2010. A random sample of 19,939 girls born in 1993, invited for the HPV catch-up vaccination 
campaign in 2009 (9992 vaccinated and 9947 unvaccinated), was selected from the national vaccination da-
tabase (Praeventis) held at the National Institute of Public Health and the Environment (RIVM). [18]
 A semi-structured questionnaire was developed, pre-tested and applied to the study population via on-
line research survey software (EFS Survey version 8.1, Unipark (Questback)). The questionnaire contained 
pre-coded questions on the following topics: Socio-demographic: education level (girl and parents), ethnic-
ity, religion, alcohol and smoking behaviour. Sexual behaviour: e.g. ever have had sexual contact (vaginal or 
anal), age of sexual debut, use of contraceptives (especially condom use), number of sexual partners, type of 
current partner (steady/casual) and history of STI. HPV knowledge and HPV vaccination: e.g. modes of 
transmission, protection level of HPV vaccination, risk of infection and participation in the cervical cancer 
screening programme.
 Each girl selected for the study received an invitation by post with an information letter for the girl and 
one for her parents/caretakers, and a link and a unique code to access the online questionnaire. The ques-
tionnaire took approximately ten minutes to fill out and the information was processed anonymously.  
The Dutch Central Committee on Research Involving Human Subjects (Centrale Commissie Mensgebon- 
den Onderzoek (CCMO)) decided that, due to the nature of the study and according to the Dutch Medical 
Research involving Human Subjects Act, no written consent of the girls or their parents was needed. 
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Table 1a. Socio-demographic characteristics amongst all girls participating in our study (n=2989), the Netherlands 2010

  Total Vaccinated Unvaccinated P-value
Demography N % n % n %  
Total 1668 (100) 905 (54) 763 (46)  
Age (n=1649)        
 Mean age (95% CI) 15.1 (15.1-15.2) 15.1 (15.1-15.2) 15.2 (15.2-15.2) 0.1
Ethnicity (n=1640)        
 Indigenous Dutch 1441 (88) 774 (87) 667 (89)  
 Other 199 (12) 114 (13) 85 (11) 0.3
Education (n=1638)        
 low 290 (17) 162 (18) 128 (17)  
 medium 427 (26) 219 (25) 208 (28)  
 high 921 (56) 505 (57) 416 (55) 0.4
Urbanization (n=1646)        
 >1500 823 (50) 528 (59) 295 (39)  
 <=1500 823 (50) 365 (41) 458 (61) <0.001
Ever smoked (n=1639)        
 no 1117 (68) 614 (69) 503 (67)  
 yes 522 (32) 273 (31) 249 (33) 0.3
Current smoking (n=1639)        
 no 1438 (88) 778 (88) 660 (88)  
 yes 201 (12) 109 (12) 92 (12) 1.0
Anticonception (n=1637)        
 no 1045 (64) 580 (65) 465 (62)  
 yes 592 (36) 307 (35) 285 (38) 0.2
Ever had sex (n=1640)        
 no 1239 (76) 697 (78) 542 (72)  
 yes 401 (25) 191 (22) 210 (28) <0.01

Sexual debut* (n=401)        
 <=14 199 (50) 95 (50) 104 (50)  
 >14 202 (50) 96 (50) 106 (50) 1.0
Current Partner* (n=400)        
 no 126 (32) 71 (37) 55 (26)  
 yes 274 (69) 121 (63) 154 (74) 0.02
Relationship* (n=206)        
 <= 6 months 61 (30) 26 (27) 35 (32)  
 7-12 months 80 (39) 41 (42) 39 (35)  
 >13 months 65 (32) 30 (31) 35 (32) 0.6
Condom use* (n=268)        
 always 89 (33) 46 (39) 43 (28)  
 not always 179 (67) 71 (61) 108 (72) 0.1
Ever had STI* (n=401)        
 no 355 (89) 166 (87) 189 (90)  
 no but have been tested 42 (10) 23 (12) 19 (9)  
 yes 4 (1) 2 (1) 2 (1) 0.6
Age partner* (n=267)        
 Mean age (95% CI) 17.2 (16.9-17.4) 17.2 (16.9-17.4) 17.1 (16.8-17.4) 0.8
Nr. Sexpartners* (n=398)        
 Mean age (95% CI) 1.7 (1.6-1.9) 1.7 (1.6-1.9) 1.7 (1.6-1.9) 1.0
        
* Only when ever had sexual intercourse
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Table 1b. Sexual risk factors amongst sexually active girls participating in our study (n=1595), the Netherlands 2010

 Category Total Vaccinated Unvaccinated

OR (95% CI) for 

being vaccinated P-value
  N (%) N (%) N (%)  

  1595 (100) 1070 (67) 525 (33)    
Steady partner (n=1588)        
 No 510 (32) 336 (32) 174 (33) ref   
 Yes 1078 (68) 729 (68) 349 (67) 1.1 (0.9-1.4) 0.49
Number of casual partners (n=1589)      
 0 806 (51) 553 (52) 253 (48) ref   
 1 602 (38) 402 (38) 200 (38) 0.9 (0.7-1.2)  
 2 125 (8) 75 (7) 50 (10) 0.7 (0.5-1.0)  
 >2 56 (4) 35 (3) 21 (4) 0.8 (0.4-1.4) 0.24
Condom use steady partner 

(n=1078)         
 Always 193 (18) 126 (17) 67 (19) ref   
 Not always 885 (82) 603 (83) 282 (81) 1.1 (0.8-1.6) 0.44
Condom use casual partner (n=778)      
 Always 219 (28) 144 (28) 75 (28) ref   
 Not always 559 (72) 364 (72) 195 (72) 1.0 (0.7-1.3) 0.87
STI (n=780)          
 No 641 (82) 423 (83) 218 (80) ref   
 Yes 139 (18) 86 (17) 53 (20) 0.8 (0.6-1.2) 0.36
Sex of partner (n=1589)        
 Male 1560 (98) 1051 (99) 509 (97) ref   
 Female 29 (2) 15 (1) 14 (3) 0.5 (0.2-1.1) 0.08
Age of sexual debut (n=1579)       
 Mean (95% CI) 15.5 (15.4-15.6) 15.5 (15.5-15.6) 15.4 (15.3-15.5) 1.2 (1.0-1.3) 0.74
Total number of lifetime sexual partners (n=1584)    

 Mean (95% CI) 2.0 (1.9-2.1) 1.9 (1.8-2.0) 2.2 (2.0-2.4) 0.9 (0.9-1.0) <0.001

Missing values are deducted from the total number of sexually active girls.
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Table 2. HPV general knowledge amongst all girls participating in our study (n=2989), the Netherlands 2010

Category Total Vaccinated Unvaccinated

OR (95% CI) for being 

vaccinated P-value
  N (%) n (%) n (%)  

  2989 (100) 1938 (65) 1051 (35)    
HPV vaccination protects against all HPV types (n=2910)     
 No 1811 (62) 1110 (58) 701 (70) ref   
 Yes 373 (13) 291 (15) 82 (8) 2.2 (1.7-2.9)  
 Don't know 726 (25) 505 (27) 221 (22) 1.4 (1.2-1.7) <0.001
HPV vaccination protects against all STIs (n=2909)     
 No 2567 (88) 1702 (89) 865 (86) ref   
 Yes 52 (2) 33 (2) 19 (2) 0.9 (0.5-1.6)  
 Don't know 290 (10) 170 (9) 120 (12) 0.7 (0.6-0.9) 0.03
An HPV infection always leads to cervical cancer (n=2930)    
 No 1984 (68) 1294 (68) 690 (68) ref   
 Yes 121 (4) 80 (4) 41 (4) 1.0 (0.7-1.5)  
 Don't know 825 (28) 541 (28) 284 (28) 1.0 (0.9-1.2) 0.97
Cervical cancer is always fatal (n=2930)       
 No 2414 (82) 1579 (82) 835 (82) ref   
 Yes 141 (5) 98 (5) 43 (4) 1.2 (0.8-1.8)  
 Don't know 375 (13) 238 (12) 137 (14) 0.9 (0.7-1.2) 0.43
If you have unprotected sex, you are at high risk of an HPV infection (n=2930)
 No 311 (11) 193 (10) 118 (12) ref   
 Yes 2143 (73) 1411 (74) 732 (72) 1.2 (0.9-1.5)  
 Don't know 476 (16) 311 (16) 165 (16) 1.2 (0.9-1.6) 0.42
An HPV infection is a risk for cervical cancer (n=2930)     
 No 215 (7) 144 (8) 71 (7) ref   
 Yes 2370 (81) 1555 (81) 815 (80) 0.9 (0.7-1.3)  
 Don't know 345 (12) 216 (11) 129 (13) 0.8 (0.6-1.2) 0.48
An HPV infection can cause genital warts (n=2929)     
 No 537 (18) 354 (18) 183 (18) ref   
 Yes 582 (20) 389 (20) 193 (19) 1.0 (0.8-1.3)  
 Don't know 1810 (62) 1172 (61) 638 (63) 1.0 (0.8-1.2) 0.63
An HPV infection usually disappears on its own (n=2930)    
 No 1969 (67) 1301 (68) 668 (66) ref   
 Yes 136 (5) 80 (4) 56 (6) 0.7 (0.5-1.0)  
 Don't know 825 (28) 534 (28) 291 (29) 0.9 (0.8-1.1) 0.21
Awareness of CC screening programme (n=2910)
 No 1421 (49) 984 (52) 437 (43) ref   
 Yes 1489 (51) 921 (48) 568 (57) 0.7 (0.6-0.8) <0.001
Participation of mother in CC screening programme (n=2910)
 No 670 (23) 410 (22) 260 (26) ref   
 Yes 1192 (41) 798 (42) 394 (39) 1.3 (1.1-1.6)  
 Don't know 1048 (36) 697 (37) 351 (35) 1.3 (1.0-1.5) 0.03
Need to participate in the CC screening programme a er vaccination (n=2910)
 No 174 (6) 115 (6) 59 (6) ref   
 Yes 2013 (69) 1346 (71) 667 (66) 1.0 (0.7-1.4)  
 Don't know 723 (25) 444 (23) 279 (28) 0.8 (0.6-1.2) 0.03
Condoms are not needed anymore once vaccinated (n=2909)
 No 2781 (96) 1842 (97) 939 (94) ref   
 Yes 22 (1) 15 (1) 7 (1) 1.1 (0.5-2.9)  
 Don't know 106 (3) 48 (3) 58 (6) 0.4 (0.3-0.6) <0.001
Girls will use less condoms once vaccinated (n=2909)     
 No 1526 (52) 1076 (56) 450 (45) ref   
 Yes 574 (20) 317 (17) 257 (26) 0.5 (0.4-0.6)  
 Don't know 809 (28) 512 (27) 297 (30 0.7 (0.6-0.9) <0.001
General knowledge score        

   mean (95% CI) 5.52 (5.48-5.56) 5.51 (5.47-5.56) 5.53 (5.47-5.59)   0.62

CC=cervical cancer
Missing values are deducted from the total number of girls.
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Table 3: HPV transmission knowledge amongst all girls participating in our study (n=2989), the Netherlands 2010

  Category Total Vaccinated Unvaccinated % CI) for being 

vaccinated
P-value

    N(%) n(%) n(%)  

    2989 (100) 1938 (65) 1051 (35)    
HPV can be transmitted via;        
 Holding hands (no) (n=2924)        
  No  2884(99) 1882(99) 1002(99) ref  
  Yes  40(1) 28(1) 12(1) 1.2(0.6-2.5) 0.53
 Deep throat kissing (no) (n=2927)       
  No  2622(90) 1711(89) 911(90) ref  
  Yes  305(10) 202(11) 103(10) 1.0(0.8-1.3) 0.74
 Skin to skin contact (yes) (n=2926)       
  No  2646(90) 1727(90) 919(91) ref  
  Yes  280(10) 185(10) 95(9) 1.0(0.8-1.3) 0.79
 Stroking partner at genitals (yes) (n=2927)      
  No  2000(68) 1326(69) 674(66) ref  
  Yes  927(32) 587(31) 340(34) 0.9(0.7-1.0) 0.12
 Public toilet (no) (n=2926)        
  No  2411(82) 1575(82) 836(83) ref  
  Yes  515(18) 338(18) 177(17) 1.0(0.8-1.2) 0.89
 Unprotected oral sex (yes) (n=2928)       
  No  1078(37) 695(36) 383(38) ref  
  Yes  1850(63) 1219(64) 631(62) 1.1(0.9-1.2) 0.44
 Unprotected vaginal sex (yes) (n=2929)       
  No  144(5) 96(5) 48(5) ref  
  Yes  2785(95) 1818(95) 967(95) 0.9(0.7-1.3) 0.73
 Unprotected anal sex (yes) (n=2928)       
  No  865(30) 568(30) 297(29) ref  
  Yes  2063(70) 1345(70) 718(71) 1.0(0.8-1.2) 0.81
 Sex with a condom (n=2927)       
  No  2533(87) 1674(88) 859(85) ref  
  Yes  394(12) 238(12) 156(15) 0.8(0.6-1.0) 0.03
 Sharing a spoon or cup (no) (n=2925)       
  No  2739(94) 1777(93) 962(95) ref  
  Yes  186(6) 134(7) 52(5) 1.4(1.0-2.0) 0.05
 Sneezing/coughing (no) (n=2924)       
  No  2753(94) 1794(94) 959(95) ref  
  Yes  171(6) 116(6) 55(5) 1.1(0.8-1.6) 0.48
Transmission knowledge score       
 Mean (95% CI) 7.24 (7.19-7.28) 7.24 (7.16-7.31) 7.24 (7.18-7.29)   0.99
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Table 4. Multivariable analysis amongst all girls participating in our study (n=2989), the Netherlands

Risk factor Univariablea Multivariableb,c P-value
  OR (95% CI) aOR (95% CI)  

Degree of urbanisation      
 Low (1-1000 inhabitants) ref  ref   
 High (>1000 inhabitants) 0.8 (0.7-0.9) 0.8 (0.7-1.0) 0.02
Religion      
 No religion ref  ref   
 Catholics 1.2 (1.0-1.5) 1.2 (0.9-1.4) 0.15
 Protestant Christian 0.4 (0.4-0.5) 0.5 (0.4-0.6) <0.001
 Other 0.3 (0.1-0.7) 0.3 (0.1-0.9) 0.03
Alcohol use      
 No ref  ref   
 Yes 1.4 (1.2-1.7) 1.3 (1.0-1.6) 0.01
Contraception      
 No ref  ref   
 Yes 1.5 (1.3-1.8) 1.5 (1.2-1.9) <0.001
Ever had sex      
 No ref  ref   
 Yes 1.2 (1.0-1.4) 0.8 (0.6-1.0) 0.04
Awareness of CC screening programme    
 No ref  ref   
 Yes 0.7 (0.6-0.8) 0.7 (0.6-0.8) <0.001
Participation of mother to CC screening programme   
 No ref  ref   
 Yes 1.3 (1.1-1.6) 1.6 (1.2-2.0) <0.001
 Don't know 1.3 (1.0-1.5) 1.3 (1.0-1.6) 0.03
HPV vaccination protects against all HPV types   
 No ref  ref   
 Yes 2.2 (1.7-2.9) 2.4 (1.8-3.2) <0.001
 Don't know 1.4 (1.2-1.7) 1.5 (1.2-1.8) <0.001
Girls will use less condoms once vaccinated   
 No ref  ref   
 Yes 0.5 (0.4-0.6) 0.5 (0.4-0.6) <0.001
 Don't know 0.7 (0.6-0.9) 0.7 (0.5-0.8) 0.002
Condom use is not needed anymore once vaccinated  
 No ref  ref   
 Yes 1.1 (0.5-2.9) 1.5 (0.5-5.6) 0.5

   Don't know 0.4 (0.3-0.6) 0.4 (0.2-0.6) <0.001
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Table 5. Multivariable analysis amongst sexually active girls participating in our study (n=1595), the Netherlands 2010

 Risk factor Univariablea Multivariableb,c P-value
  OR (95% CI) aOR (95% CI)  

Religion      
 No religion ref  ref   
 Catholics 1.3 (1.0-1.7) 1.2 (0.9-1.5) 0.25
 Protestant Christian 0.7 (0.5-0.9) 0.6 (0.5-0.9) 0.003
 Other 0.4 (0.1-1.7) 0.4 (0.1-1.9) 0.26
Number of lifetime sexual partners    
  0.9 (0.9-1.0) 0.9 (0.9-1.0) 0.005
Awareness of CC screening programme   
 No ref  ref   
 Yes 0.8 (0.6-0.9) 0.7 (0.6-0.9) 0.01
HPV protects against all HPV types    
 No ref  ref   
 Yes 2.1 (1.5-3.0) 2.4 (1.7-3.5) <0.001
 Don't know 1.5 (1.2-1.9) 1.8 (1.4-2.4) <0.001

HPV vaccination protects against all STIs   
 No ref  ref   
 Yes 0.9 (0.4-2.5) 1.0 (0.4-2.8) 0.93
 Don't know 0.6 (0.5-0.9) 0.5 (0.4-0.8) <0.001
If you have unprotected sex, you are at high risk of an HPV infection
 No ref  ref   
 Yes 1.5 (1.1-2.1) 1.6 (1.2-2.2) 0.004
 Don't know 1.4 (1.0-2.0) 1.5 (1.0-2.2) 0.07
Girls will use less condoms once vaccinated   
 No ref  ref   
 Yes 0.6 (0.5-0.8) 0.6 (0.4-0.8) <0.001

   Don't know 0.7   (0.5-0.9) 0.6   (0.4-0.8) <0.001



 180

Monitoring HPV vaccination | Vaccine Impact

Statistical analysis
Differences in socio-demographic characteristics, sexual behaviour and knowledge of HPV between vacci-
nated and unvaccinated women were compared in contingency tables using 2 test. A knowledge scale com-
posite score was calculated based on answers to 8 general knowledge questions (0-8) (general knowledge 
score) and 10 questions on HPV transmission knowledge (0-10) (transmission knowledge score). Mean 
scores were compared for vaccinated and unvaccinated girls by a t-test. Significance was determined at the 
5% level (P-value ≤0.05). 
 Variables associated with vaccination status found to approach significance (P-value ≤0.1) were fitted in 
a multivariable logistic regression model. The strength of the associations was expressed as crude odds ra-
tios (OR) in univariable analysis and as adjusted OR (aOR) in multivariable analysis, comparing vaccinated 
vs. unvaccinated girls. Two models were carried out: one including the total sample of girls and the second 
comprising only sexually active girls. The final models included those factors that remained significant 
(P-value ≤0.05) after backward selection and those found to change the OR of other variables by at least 10%. 
Analyses were conducted using software packages from SAS 9.2 (SAS Institute Inc. 2010, USA).

RESULTS

Socio-demographic and sexual behaviour characteristics
A total of 2989 females (15% of invited participants) aged 16-17 (median 17) participated in this study. Among 
them, 65% received at least 1 HPV vaccination and 35% received none. The distribution of most characteris-
tics was similar between vaccinated and unvaccinated girls (Tables 1a and 1b). However, vaccinated girls 
were more likely to live in low urbanised areas and less likely had a religious background. Amongst those 
who professed a religion, vaccinated girls were more often Catholic while unvaccinated girls were more 
often Protestant Christian. Drinking alcohol was reported more by vaccinated girls as was the use of con-
traceptives (Table 1a). A slightly higher percentage of vaccinated girls were sexually active but amongst 
them a lower mean total number of sexual partners in their lifetime was identified. Except for the higher 
percentage of female partners in the unvaccinated girls, there were no other differences in sexual behaviour 
(Table 1b).

Sexual behaviour and views associated with HPV vaccination
The majority of both vaccinated and unvaccinated girls (97.3% vs. 98.2%) thought that HPV vaccination had 
not changed their sexual behaviour, 0.8% of the girls answered that use of condoms would not be needed to 
protect against STIs after HPV vaccination. However, 17% of the vaccinated and 26% of the unvaccinated re-
plied that other girls would be inclined to use less condoms after vaccination. In addition, a higher propor-
tion of vaccinated girls thought HPV could not be transmitted when using condoms. 

General knowledge of HPV and HPV vaccination  
Vaccinated girls were less aware that HPV vaccination does not protect against all HPV types, but were 
more aware that HPV vaccination does not protect against all STIs (Table 2). In general, few girls knew that 
HPV may cause genital warts (20%) and that most HPV infections clear on their own (5%). Approximately 
three quarters (73%) were aware that unprotected sex entails a higher risk of acquiring an HPV infection. 
More than 80% recognised that an HPV infection is a risk for cervical cancer and about 68% of the girls 
knew that an HPV infection does not always lead to cervical cancer. Also more than 80% knew that cervical 
cancer does not always lead to death.  Depending on the question, a variable number of girls (9% to 63%) 
answered ‘don’t know’. The general knowledge score (one point for every right answer) was similar between 
vaccinated and unvaccinated girls.
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Cervical screening
Vaccinated girls reported more often that their mother participated in the cervical cancer screening pro-
gramme, and that it would still be necessary to participate in such a programme after being vaccinated. 
However, they were less aware of the existence of this programme (Table 2). 

Knowledge on HPV infectiousness
Most girls were familiar with the association between unsafe vaginal sex and transmission of HPV. This 
knowledge was lower for other forms of sex, such as unsafe anal or oral sex. A low proportion knew that 
HPV could be transmitted via skin-to-skin contact or by stroking their partner’s genitals (Table 3). The 
HPV transmission knowledge score also showed no difference in univariable analysis.

Multivariable analysis of predictors for vaccine receipt
Variables whose association with vaccination status approached significance (P-value ≤0.1) were fitted in a 
multivariable logistic regression model (Table 4). The factors that remained independently associated with 
being vaccinated were living in less urbanised areas, not being Protestant, consuming alcohol, being less 
sexually active, using contraceptive methods, being less aware of the cervical cancer screening programme 
and having a mother that participated in the cervical cancer screening programme. 
 Furthermore, considering perceptions of HPV, vaccinated girls thought more often that HPV vaccina-
tion protects against all HPV types and were less likely to think that girls would use condoms less fre-
quently once vaccinated. Interestingly, more unvaccinated girls did not know that condoms were still 
needed after vaccination.
 Amongst the sexually active girls, not being protestant and having a lower number of lifetime sexual 
partners were associated with being vaccinated against HPV. In addition sexually active vaccinated girls 
were more likely to know that unprotected sex carried a higher risk of contracting HPV and were less likely 
to answer that people in general would start using condoms less frequently once vaccinated. However, they 
were more likely to answer that HPV vaccination protects against all HPV types and were less aware of the 
cervical cancer screening programme (Table 5).

DISCUSSION

This population-based study is one of the first that examined actual determinants for individual vaccine 
uptake instead of willingness to be vaccinated. Vaccinated and unvaccinated girls were comparable with re-
gard to education, education of parents, ethnicity, most sexual risk behaviour and had similar scores on 
knowledge of HPV infection and HPV transmission. They differed with respect to characteristics such as 
urbanisation degree, religion, contraceptive use, number of lifetime sexual partners and importantly, their 
opinions on the use of condoms after HPV vaccination and the protection of vaccination against all HPV 
types.
 Studies in the Netherlands have shown that women who are non-Dutch nationals and have a lower so-
cio-economic status are less likely to participate in the cervical cancer screening programme. [12,13] These 
risk factors for non-attendance were not observed in this study for girls who chose not to be vaccinated. We 
found no relationship between uptake and ethnicity, nor education of the girl or their parents (indicator of 
socio-economic status), which could suggest that the two programmes might strengthen each other. 
Another Dutch study also concluded that vaccination and screening (assessed by reported screening behav-
iour of the mother) complement each other to a large extent. [19] As expected, based on the lower uptake in 
the National Immunisation Programme of specific religious groups, we found that vaccination uptake did 
depend upon religion. Identifying as a Protestant Christian was related to a lower vaccination uptake, as 
opposed to identifying as a Catholic or not following a religion. Participation in screening programmes has 
not been found to be lower in regions with higher proportion of religious groups, highlighting again the 
possible complementarity between screening and vaccination.
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 Contradicting results regarding the influence of HPV knowledge and perceptions on vaccination uptake 
have been reported. [20] Consistent with a Dutch study on acceptance of HPV vaccination, [21] we obtained 
no differences on vaccination uptake with regard to the general HPV knowledge score, nor on the HPV 
transmission knowledge score. Regardless of vaccination status, as many as 80% of the girls knew of the re-
lationship between HPV and cervical cancer, which was similar to some other studies (81% Lenselink CH et 
al. (2008), 84% Gerend MA and Shepherd JE (2011), 85-93% Marlow LA et al. (2013). [20-22]  For a few topics, 
such as the relationship of HPV with genital warts and the fact that most HPV infections are transient, 
knowledge was poor. An explanation could be the focus on prevention of cervical cancer (and not HPV 
virus transmission) in the information leaflet circulated by the vaccination programme.
 In general, only 50% of the young girls in our study recognised that after an HPV vaccination it is still in-
dicated to participate in the cervical cancer screening programme (which takes place from age 30 onwards 
in the Netherlands). This fact has also been reported by Bowyer HL et al. (2013) amongst a group of 15-16 
year old girls, where only 47% was aware cervical screening is still necessary after vaccination. [23] We also 
found that vaccinated girls were less aware of the fact that vaccination does not protect against all HPV 
types. The continued importance of cervical screening in the Netherlands has to be emphasised along with 
the benefits of HPV vaccination.
 In our study, only 2-3% reported that HPV vaccination had changed their sexual behaviour in the first 
year after vaccination. However, Marlow LA et al. (2009) found that one-third of adolescent girls inter-
viewed, thought that HPV vaccination would make girls in general more likely to have unsafe sex. [24] 
Swedish high-school students did not think it that they themselves would engage in more unsafe sex after 
HPV vaccination but that other girls might. [25] We found a similar opinion concerning anticipated risk be-
haviour and condom use. Nearly all girls reported that they would not reduce condom use after HPV vacci-
nation (only 1% for both groups), but 17% (vaccinated) and 26% (unvaccinated) thought other girls would.
There were no significant differences amongst vaccinated and unvaccinated girls for reported condom use 
with a casual or steady partner. However, sexually active vaccinated girls were more aware of the risk of 
HPV infection when engaging in unprotected sex. Irrespective of vaccination status, only a quarter of the 
girls reported to always use condoms with a casual partner and 18% with a steady partner. In line with 
Mather T et al. (2012) inconsistent or no condom use was reported by 50% of the girls with a casual partner. 
[26] Although most of the girls (65%) in our study reported using other contraceptive methods, the risk of 
acquiring HPV or another STI through unprotected sex seems to be high in this population. Therefore, 
early HPV vaccination of 12-year-old girls will considerably decrease the risk of HPV infection at a later and 
more sexually active age.
 With regard to other sexual risk factors we found that among the vaccinated sexually active girls, a 
somewhat lower mean number of lifetime sexual partners was reported. However, no differences were 
found for other sexual behavioural characteristics such as age of sexual debut and history of STIs. These re-
sults imply that girls who decided not to get vaccinated were not the ones with increased (sexual) risk be-
haviour. Thus in contrast to screening, where it has been found that more than half of the cervical cancer 
cases were found in women who did not attend screening, it seems that although these girls are not benefit-
ing from vaccination, they have no disproportional disadvantage compared to vaccinated girls.  
 This study has several strengths. Firstly, it was a randomly selected, large, nationwide population-based 
study. Secondly, vaccination status was derived from a national vaccination database instead of being self-re-
ported. Thirdly, we obtained information on the actual vaccination uptake instead of the intention to vaccinate. 
 The main limitation of this study is that the response rate was fairly low (15%) and that it was higher 
amongst vaccinated than unvaccinated girls (19% vs. 11%). However, a much lower response rate (7%) oc-
curred in another study which also recruited participants from Praeventis. [27]  In order to assess the effect 
of this low response rate we determined if the characteristics of the study population were similar to those 
of girls in the general population, by comparing our data on education, ethnicity and age of sexual debut. 
Girls in our study were slightly higher educated than the general Dutch population (59% vs. 47%), but were 
more often not Dutch (4.7% vs. 3.3%).[28] In addition, they were comparable with respect to sexual debut 
with another Dutch study. [29]
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CONCLUSIONS

Routine HPV vaccination in the Netherlands has the potential to reduce the inequity of prevention of cervi-
cal cancer. In particular, vaccination uptake was not associated with factors that are known to be associated 
with non-attendance in the cervical cancer screening programme, such as education and ethnicity. 
Furthermore, most sexual characteristics were comparable amongst both groups indicating that unvacci-
nated girls are probably not at higher risk of exposure to HPV compared to vaccinated girls. Although in 
general knowledge could be improved, the large majority of participants knew HPV caused cervical cancer 
suggesting an informed vaccination choice was made.
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HPV is the most common sexually transmitted virus worldwide, and is the causative agent of cervical can-
cer. Cervical cancer develops via precursor lesions (cervical intraepithelial neoplasia (CIN1/CIN2/CIN3)). 
Most HPV infections are transient and only 3-5% lead to cervical cancer in 20-25 years, when no therapeutic 
intervention is performed. Since 2009/2010, HPV vaccination is introduced in the National Immunization 
Program. The primary goal of an HPV vaccination program will be to reduce cervical cancer. Awaiting the 
primary outcome of HPV vaccination (i.e. incidence of cervical cancer), surrogate markers such as the inci-
dence of cervical precursor lesions, incidence and prevalence of HPV DNA infections, and serology as a tool 
for cumulative exposure, can already play a role in monitoring the impact of vaccination. Therefore, this 
thesis presents results of various studies on the (sero)epidemiology of HPV infection in the pre- and early 
post HPV vaccination era. These studies mainly aimed to aid in assessing the early effectiveness of an HPV 
vaccination program in order to inform public policy for prevention and control of HPV. In this Chapter, we 
will describe what the added value of the results of this thesis is to the monitoring perspective of the HPV 
vaccination program in the Netherlands.  
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HPV DNA prevalence in teenage populations
Pooled- and meta-analyses of age-specific HPV DNA prevalence have demonstrated considerable variabil-
ity across geographical regions [1,2]. Country-specific knowledge of HPV infections in the pre-vaccine era is 
needed in order to measure future changes in HPV dynamics in the Netherlands, caused by the introduc-
tion of the bivalent prophylactic HPV16/18 L1 VLP vaccine. Repeating these measurements after vaccination 
are particularly relevant until the age when screening starts (i.e. 30 years in the Netherlands). 
 In the Netherlands, most data on the prevalence of HPV is from women aged 18 and above. From this 
age onwards, the highest HPV DNA prevalence is seen in the age group 20-25 years, followed by a decrease 
in women 25-34 years and an even further decrease in women aged 55-65 years [3,4].  In Chapter 2 of this 
thesis, we show HPV DNA prevalence data from younger women in the Netherlands.  A very low preva-
lence of HPV16/18 was found among these young girls in the HAVANA study (1% for HPV16/18 at age 15), 
and fits with the age of initiation of sexual debut (in the Netherlands ~16 years [5]). Therefore, prophylactic 
vaccination with the HPV16/18 L1 VLP vaccine of women under the age of 16 is an optimal strategy for com-
plete protection. The target age of 12 years as set in the current Dutch vaccination program is adequate to 
ensure this protection. 
 After age 15, the prevalence of HPV and the number of girls who become sexually active rises rapidly 
(77% of Dutch girls report to be sexually active at age 18, compared to 29% at age 15 and 4% at age 12) [5]. The 
increase with age, although in a study with higher sexual risk behaviour, was also seen among young 
women (aged 16-29) participating in a Chlamydia screening program (CSI) (Chapter 3) in the Netherlands. 
A slightly different age pattern was observed when looking at HPV16/18 separately, indicating the impor-
tance for type-specific monitoring.
 Thus, studies in both the general population, such as the HAVANA study, as well as in high-risk groups, 
such as the CSI study and STI clinics [6], can contribute to HPV vaccination monitoring. The first, because 
in this group the real-life effect of vaccination can be studied, and the latter because the expected shift in 
HPV types after HPV vaccination will become apparent first in these high-risk populations. 

HPV serosurveillance as a monitoring tool
To date, the biological working mechanism of naturally derived antibodies is not fully understood [7]. HPV 
is effective in evading detection by the immune system for long periods and only generates a weak immune 
response [8,9]. Only 40%–60% of women who test positive for a given HPV type in a cervical smear sero-
convert to that HPV type [7,10-13]. When a detectable serum antibody response to the viral major capsid 
protein L1 of a given HPV type does occur, it remains relatively stable [13]. Therefore, measuring HPV type-
specific antibodies can be a useful tool for estimating cumulative HPV type-specific lifetime exposure.
 To get more insight into factors that are associated with HPV seropositivity we explored the literature in 
Chapter 4. We found that persistent HPV DNA infections, increased viral load, high sexual risk behaviour 
and being immunocompromised increase the likelihood to be seropositive. In addition to these findings, we 
found that in line with other studies [14,15], HPV seropositivity was higher in women than in men in two 
population-based studies (Chapter 5 and 6) and differed by the anatomical site that was infected in a cross-
sectional study among men who have sex with men (MSM) (Chapter 7). These differences in the anatomical 
site might be due to differences in the epithelium infected. The risk factors described above should be taken 
into account when interpreting HPV monitoring studies. For example, when taking sexual behaviour into 
account, we showed that the differences in the overall HPV seroprevalence in two cross-sectional surveys in 
the Netherlands (Chapter 6) seem mostly related to an increase in sexual activity between the two periods 
(1995/1996 and 2006/2007) and hardly due to an increase in certain HPV types.
 After introduction of vaccination, serosurveillance should preferably be performed in various study pop-
ulations. On one hand, large-scale cross-sectional serosurveillance studies, like the ones described in 
Chapter 5 and 6 are relatively easy to perform compared to HPV DNA prevalence studies via vaginal DNA 
swabs. At the population-level  seroepidemiological studies could also provide us with information about 
clustering of HPV-susceptible groups, the impact of HPV16/18 vaccination on the prevalence of other HPV 
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types (either cross-protective or type replacement) and herd-immunity. On the other hand, longitudinal 
studies, could inform us on the degree, duration and biological mechanism of protection after vaccination. 
So in the HAVANA study we followed girls from the start of sexual debut, and linked HPV serology data to 
DNA status and to sexual behaviour (Chapter 2, 9 and 10).  For example in Chapter 10, we showed that all 
girls included in the HAVANA study and vaccinated with the HPV16/18 VLP L1 vaccine seroconverted for 
HPV16/18. HPV16/18 antibody levels significantly increased compared to pre-vaccination (Chapter 10) and 
remained constant in the subsequent year. In Chapter 10, we also showed that in about 80% of the vacci-
nated girls HPV16/18 antibodies were present in the mucosal surface, although at a 50-fold lower level than 
in serum. In the next few years, this type of information might be used to explore whether possible break-
through HPV infections are associated with an absence or low antibody levels in cervical mucus.
 Although data so far shows that the HPV vaccine is highly efficacious at the serology level, until now, 
there is no immune correlate of protection against infection or disease. Thus, at which levels antibodies re-
main functional is unknown. Interestingly in some studies women in whom antibodies against  
Vaccine-associated HPV types had declined below the limits of detection, are still protected [16]. For moni-
toring purposes, it is therefore useful to use mathematical models to predict the duration of an antibody re-
sponse based on the kinetics of the immune response measured at an earlier time point [17]. 

The effect of HPV vaccination on HPV diversity
It is known that an estimated 20-50% of HPV infected women harbour multiple HPV types [2,18]. 
Therefore, understanding the possible interactions among HPV types is important for predictions regard-
ing the effects of HPV vaccination [19,20]. The HPV16/18 vaccine has the potential to reduce about 70% of all 
cervical cancer cases, at least, if other HPV types do not take the ecological niche. An apparent increase in 
disease might occur when vaccine types are removed and stop ‘masking’ the types not included in the vac-
cine (unmasking). Model-based estimates for the size of this effect are in the order of a 3-10% diminished 
reduction in long-term cervical cancer incidence [21,22]. The ecological niche could also be taken through 
type replacement, which is a viral population dynamics phenomenon and is defined as elimination of some 
types causing an increase in incidence of other types. Type replacement has been observed following vacci-
nation against other pathogens (e.g. Streptococcus pneumonia) [23], and is plausible whenever genotypically 
diverse pathogen strains compete for the same hosts. For type replacement to occur, antagonistic interac-
tions are required between vaccine types and those not included in the vaccine [24,25]. In Chapter 8, we 
have explored these antagonistic interactions. We confirmed previous findings [26-28] by showing that 
pairwise interactions were apparently non-existent in three cross-sectional studies from the Dutch popula-
tion. From this data, we conclude that until now, there were no indications to suspect type replacement. 
 Although empirical studies, like our study described in Chapter 8, can aid our understanding of the 
process of type-specific interactions prior to vaccination, the real effect of type replacement will only be-
come apparent in due time. Because differentiating between “unmasking” and “type replacement” will be 
difficult once these girls enter the screening program, and the first vaccinated cohort will enter the screen-
ing program no earlier than 2023, various studies starting early after vaccination and monitoring the preva-
lence of different HPV types are desirable to assess this “unmasking” or “type replacement” effect. Such 
information is needed because the oncogenic potential of hrHPV types differ, and changes in incidence of 
HPV-related CIN and cancer are preceded by changes in type-specific HPV prevalence [29].

Vaccine effectiveness against intermediate endpoints
Prevention of cervical cancer is the ultimate goal of HPV vaccination. Trials have used surrogate end points 
because it takes 20-25 years before cervical cancer develops, requiring unrealistically large and lengthy 
studies. Therefore, incident CIN lesions and persistent HPV infections have been recognised to serve as sur-
rogate or intermediate endpoints for cervical cancer. In randomized clinical trials (RCTs), both the bivalent 
and the quadrivalent vaccines have shown an efficacy of >90% in preventing persistent HPV16/18 infection 
and CIN lesions for at least 9 years after adminstration [30-32]. Also for non vaccine types, the vaccines 
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have demonstrated cross-protective potential for persistent HPV31 and -45 [33,34]. In line with the results 
for RCTs and some early VE results of other countries [35,36], we found that among Dutch girls eligible for 
the HPV vaccination, the vaccine effectiveness against incident and 12 months persistent HPV16/18 infec-
tions was high (100%) (Chapter 9). In addition, we found that vaccine effectiveness against infections with 
HPV16, -18  and the  cross-protective HPV types 31 and -45 was comparable with the cross-effectiveness of 
the bivalent vaccine  as described in a recent meta-analysis (Chapter 9) [34]. These results are very reassu-
ring, for the effectiveness of the bivalent vaccine program implemented in the Netherlands.
 Further follow-up of the girls in the presented cohort will provide more stable vaccine effectiveness data 
against persistent HPV infections and in due time against CIN lesions. 

Uptake of vaccination program
In the Netherlands, about 95% of infants and young children are vaccinated under the universal childhood 
vaccination program (National Immunization Program (NIP)) [37]. The uptake of HPV vaccination is 
much lower than these childhood vaccinations and is probably influenced by the novelty of the vaccine, a 
new age group, a girls-only vaccination, a vaccine targeting a sexually transmitted infection and negative 
media attention [38]. In the Netherlands, vaccination coverage in the first year after introduction was 56% 
(birth cohort 1997) with an increase to 58% for the birth cohort 1998 [37]. To estimate the impact on cervical 
cancer, insight into the characteristics of individuals who are not being vaccinated is relevant. In Chapter 
11, we found that HPV vaccination uptake among 16 years old girls was not associated with high sexual risk 
behaviour. Unvaccinated girls of this age were not at a disproportionally higher risk of being exposed to 
HPV compared to vaccinated girls. A longer follow-up of these girls is needed to see if this is still the case in 
the long term. In addition, we show that risk factors associated with non-attendance in the cervical screen-
ing program like ethnicity, or socio-economic status, were not associated with vaccination uptake. So in 
contrast to some other studies [39], we did not find great inequities in vaccination uptake characteristics, 
between vaccinated and unvaccinated individuals. 
 The way to increase vaccination uptake remains debated. For example, contradicting results regarding 
the influence of HPV knowledge on vaccination uptake have been reported [40]. Several studies suggest that 
increased knowledge of HPV is associated with greater vaccination uptake [41,42] However, in a study in 
the UK they found that despite general lack of knowledge about HPV and its link with cervical cancer, vac-
cine uptake rates were generally high for the first year of the HPV vaccination program [43]. In addition, a 
Dutch study [44] found the opposite (low vaccine uptake but high knowledge of HPV), although this was 
among women older than the ones targeted for vaccination.  
 External factors might also influence vaccination uptake, such as the setting in which the vaccine is 
given. For example, in Australia, Canada and the UK where the HPV vaccine is given in a school-based set-
ting, HPV vaccination uptake is high (>85%). However, it cannot be excluded that this high uptake is influ-
enced by other factors, which do not play a role in the Netherlands. 
 Currently, the RIVM is setting up a monitoring system to find out peoples intention to be vaccinated. So 
far, this monitoring system is directed towards infant and early childhood vaccination. Because HPV is dif-
ferent from other vaccines in many ways, it is recommended to target this monitoring system specifically 
for HPV. Other studies in the Netherlands have already made a start at exploring intentions to be vacci- 
nated with the HPV vaccine. van Keulen et al. 2012 showed that social-psychological factors were more im-
portant in explaining HPV vaccination intention than socio-demographic factors. At present, this research 
group is exploring the possibilities of providing more tailored information for girls eligible for HPV vacci-
nation and the impact of certain factors on the decision to get vaccinated [45].
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HPV is de meest voorkomende seksueel overdraagbare aandoening in de wereld en is de veroorzaker van 
baarmoederhalskanker. Baarmoederhalskanker ontwikkelt zich via voorstadia, de zogenaamde cervicale 
intra-epitheliale neoplasieën (CIN1/CIN2/CIN3). De meeste HPV-infecties worden door het lichaam 
opgeruimd. Slechts 3-5% van de infecties veroorzaakt daadwerkelijk baarmoederhalskanker. Het natuurlijke 
proces van infectie tot ziekte duurt gemiddeld 20-25 jaar. Sinds 2010 is vaccinatie tegen de twee meest 
voorkomende HPV-types (HPV16 en HPV18) opgenomen in het Rijksvaccinatieprogramma. Door de lange 
duur tussen infectie en het mogelijk optreden van baarmoederhalskanker, zal het effect van vaccinatie op de 
reductie van het aantal baarmoederhalskankerpatiënten pas op lange termijn zichtbaar worden. Daarom 
worden andere indicatoren gebruikt om de eerste effecten van het vaccin te monitoren. Een voorbeeld van 
een vroege indicator is de prevalentie van HPV-infecties of de aanwezigheid van HPV-antistoffen. In dit 
proefschrift beschrijven we resultaten van studies naar deze vroege indicatoren van HPV in het pre- en post 
vaccinatie tijdperk. De studies zijn voornamelijk opgezet om de eerste effecten van het vaccinatieprogramma 
te meten en om hiermee het beleid voor preventie van baarmoederhalskanker aan te sturen. In dit laatste 
hoofdstuk beschrijven we de toegevoegde waarde van de beschreven resultaten in het licht van het monitoren 
van het HPV vaccinatieprogramma in Nederland. 
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HPV-DNA prevalentie in adolescenten
Studies naar de HPV-DNA prevalentie binnen verschillende leeftijdsgroepen laten een grote variatie zien 
per geografische regio[1,2]. Om veranderingen in de dynamiek van HPV infecties veroorzaakt door het vac-
cin te kunnen waarnemen, is kennis over HPV infecties specifiek voor het pre-vaccinatie tijdperk in 
Nederland nodig. Totdat gevaccineerde vrouwen de screeningsleeftijd bereiken (momenteel vanaf 30 jaar), 
zijn studies nodig waarin herhaaldelijk de effectiviteit van het vaccin wordt getoetst. Daarna kan monitor-
ing ook via het bevolkingsonderzoek plaatsvinden. Tot op heden is data over HPV prevalentie in Nederland 
beperkt aanwezig. Vanaf 17-jarige leeftijd wordt de hoogste HPV-DNA prevalentie gevonden bij vrouwen 
van 20-25 jaar, gevolgd door een afname onder vrouwen van 25-34 jaar en een nog verdere afname onder 
vrouwen van 55-65 jaar [3,4]. 
 In Hoofdstuk 2 van dit proefschrift bestuderen we de HPV-DNA prevalentie onder jongere vrouwen in 
Nederland. In de HAVANA-studie werd onder deelnemende meisjes een lage prevalentie van HPV16/18 ge-
vonden (1% voor HPV16/18 op 15-jarige leeftijd). Deze lage prevalentie komt overeen met de leeftijd van sek-
sueel debuut in Nederland (+/- 16 jaar [5]). Omdat het HPV16/18 vaccin uitsluitend een profylactische 
werking heeft, is het belangrijk dat deze wordt toegediend voordat infecties plaatsvinden. Op dit moment 
wordt aan meisjes via het Rijksvaccinatieprogramma op 12-jarige leeftijd vaccinatie aangeboden. Deze strat-
egie lijkt vanuit het oogpunt van complete bescherming dus toereikend. 
 Na 15-jarige leeftijd neemt de prevalentie van HPV sterk toe, evenals het aantal meisjes dat seksueel actief 
wordt (77% van de Nederlandse meisjes rapporteert seksueel actief te zijn op 18-jarige leeftijd, in vergelijk-
ing tot 29% op 15-jarige leeftijd en 4% of 12-jarige leeftijd[5]). 
 In de studie die we beschrijven in Hoofdstuk 3, wordt de stijging van HPV prevalentie met de leeftijd 
bevestigd. De jonge vrouwen (16-29 jaar) die deelnamen aan deze studie (Chlamydia Screening Intervention 
(CSI)) rapporteerden een hoger seksueel risico gedrag. Een ander leeftijdspatroon werd waargenomen voor 
HPV16/18, ten opzichte van de overige types. Dit duidt op het belang van type-specifieke HPV monitoring. 
Zowel studies in de algemene populatie (zoals de HAVANA-studie), als studies in hoger risico populaties 
(zoals de CSI studie en binnen SOA poli’s [6]), dragen bij aan het monitoren van de HPV-vaccinatie. We 
verwachten dat verschuivingen van HPV-types als eerste zichtbaar zullen zijn in hoog-risico populaties. Het 
eerste effect van vaccinatie in de doelgroep zelf, is als eerste meetbaar in de cohort studie van meisjes die in 
aanmerking komen voor vaccinatie (HAVANA). 

HPV serosurveillance voor monitoringsdoeleinden 
Het HPV virus is effectief in het ontwijken van het immuunsysteem en wekt alleen een zwakke immuun-
respons op [7,8]. Het werkingsmechanisme van natuurlijk opgewekte antistoffen als reactie op een HPV in-
fectie is tot op heden niet goed bekend [9]. Slechts 40-60% van de vrouwen die HPV-DNA positief testen in 
een uitstrijkje van de baarmoederhals, ontwikkelt antistoffen tegen dat bepaalde HPV-type [7,10-13]. Indien 
een serum respons ontstaat tegen het virale manteleiwit L1 van dat specifieke HPV-type, blijft deze respons 
redelijk stabiel over de tijd[13]. Het meten van HPV type-specifieke antistoffen is daarom een handige maat 
om de cumulatieve blootstelling te meten van type-specifieke HPV-infecties.
 In Hoofdstuk 4 is de literatuur bestudeerd om meer inzicht te krijgen in factoren die een rol spelen bij 
HPV seropositiviteit. We vonden dat een persistente HPV-DNA infectie, een verhoogde virale load, hoog 
seksueel risicogedrag en immuungecompromitteerd zijn de kans op een serorespons verhoogden. In twee 
studies onder de algemene bevolking was, in overeenstemming met eerdere studies [14,15], de HPV seropos-
itiviteit hoger in vrouwen dan in mannen (Hoofdstuk 5 en 6). In een dwarsdoorsnede studie onder mannen 
die seks hebben met mannen (MSM), zagen we tenslotte dat de serorespons afhing van waar de infectie zich 
in het lichaam bevond (Hoofdstuk 7). De gevonden verschillen per anatomische plek kunnen wellicht ver-
klaard worden door het type epitheel dat is geïnfecteerd. 
 Voor het interpreteren van HPV serologie voor monitoring zijn de hierboven beschreven risicofactoren 
relevant. Bijvoorbeeld, wanneer men kijkt naar seksueel risicogedrag, kan een groot deel van de verschillen 
in HPV seroprevalentie tussen de twee dwarsdoorsnede studies in Nederland (Hoofdstuk 6) verklaard 
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worden door een stijging in seksueel risicogedrag binnen de periode 1995/1996 en 2006/2007.
 Na introductie van HPV-vaccinatie, adviseren we serosurveillance studies bij voorkeur in verschillende 
populaties uit te voeren. Aan de ene kant zijn grote dwarsdoorsnede serosurveillance studies zoals beschre-
ven in Hoofdstuk 5 en 6 relatief makkelijk uit te voeren in vergelijking tot DNA prevalentie studies met 
vaginale DNA uitstrijkjes. Bovendien kunnen deze sero-epidemiologische studies op populatieniveau in-
zicht geven in subgroepen die vatbaarder zijn voor HPV-infectie, de mate van groepsimmuniteit en de im-
pact van HPV16/18-vaccinatie op de prevalentie van andere types (kruisbescherming of type-vervanging). 
Aan de andere kant kunnen longitudinale studies iets zeggen over de duur en het biologisch mechanisme 
van bescherming na vaccinatie. Neem als voorbeeld de HAVANA-studie (Hoofdstuk 2, 9, 10), waar we 
meisjes hebben gevolgd vanaf de start van seksueel debuut en waarin HPV-serologie data in samenhang 
met HPV-DNA status en seksueel gedrag bestudeerd kan worden. Resultaten van de HAVANA-studie laten 
zien dat de antistof niveaus in meisjes gevaccineerd met het HPV16/18-vaccin significant hoger lagen in 
vergelijking tot antistof niveaus vóór introductie van vaccinatie (Hoofdstuk 10). Bovendien, bleven de anti-
stof niveaus stabiel in het daaropvolgende jaar. 
 In Hoofdstuk 10 hebben we ook laten zien dat in 80% van de gevaccineerde meisjes HPV16/18-
antistoffen aanwezig waren in de vaginale mucosa, al was dit 50 keer lager dan in serum. Het is interessant 
om de komende jaren te monitoren of er toch HPV infecties optreden in de vaginale regio en indien dit ge-
beurt, of dit geassocieerd is met de afwezigheid of lage aanwezigheid van antistoffen in de cervicale mucus. 
Hoewel de meeste data tot dusver laten zien dat het vaccin zeer hoge antistoffen genereert, is het niet bekend 
op welk niveau antistoffen functioneel blijven. In sommige studies zijn gevaccineerde vrouwen nog steeds 
beschermd, terwijl hun antistoffen tegen de vaccin-geassocieerde HPV-types onder detectieniveau liggen 
[16]. Voor monitoringsdoeleinden kunnen wiskundige modellen gebruikt worden om de duur van een anti-
stof respons te voorspellen, gebaseerd op de dynamiek van de respons op een eerder tijdstip [17].
 

Het effect van HPV-vaccinatie op HPV diversiteit
Ongeveer 20-50% van de HPV-DNA-positieve vrouwen is geïnfecteerd met meerdere HPV-types tegelijk-
ertijd [2,18]. Om de effecten van HPV-vaccinatie te kunnen meten is het daarom zinvol om de interacties 
tussen HPV-types te begrijpen [19,20]. Vaccinatie met HPV16/18 kan 70% van alle baarmoederhalskanker 
gevallen voorkomen, indien de ecologische niche niet wordt ingenomen door andere HPV-types. Als vac-
cin-types verdwijnen door introductie van vaccinatie, kunnen andere HPV-types die aanwezig zijn op het 
epitheel tot kanker leiden en zichtbaar worden (‘ontmanteling’). Studies gebaseerd op wiskundige modellen 
laten zien dat dit effect kan leiden tot ongeveer 3-10% minder reductie in de incidentie van baarmoederhals-
kanker [21,22]. Een andere mogelijkheid waardoor de ecologische niche ingenomen kan worden, is door 
‘type-vervanging’, een fenomeen op viraal populatieniveau. Eliminatie van sommige types geeft een voor-
deel aan andere types waardoor deze types vaker zullen optreden. Dit fenomeen is eerder geobserveerd bij 
andere vaccinaties (zoals Streptococcus pneumonia) [23] en komt tot stand wanneer genotypische patho-
genen competitie voeren voor dezelfde gastheer. Een ‘type-vervanging’ vindt plaats wanneer antagonis-
tische interacties bestaan tussen types in het vaccin en overige types [24,25]. In Hoofdstuk 8 hebben we 
deze antagonistische interacties onderzocht. We laten zien dat paarsgewijze interacties niet aanwezig waren 
in drie dwarsdoorsnede studies in de Nederlandse bevolking en bevestigen hiermee eerder gepubliceerde 
resultaten. Met deze data concluderen we dat ‘type-vervanging’ niet te verwachten is. 
 Hoewel empirische studies, zoals onze studie in Hoofdstuk 8, helpen om het proces van type-specifieke 
interacties voor introductie van vaccinatie te begrijpen, zal het werkelijke effect van ‘type-vervanging’ pas 
aan het licht kunnen komen wanneer meisjes het screeningsprogramma ingaan (op zijn vroegst in 2023 
wanneer het eerste gevaccineerde cohort de screeningsleeftijd bereikt). Om een verschil te kunnen 
waarnemen tussen ‘ontmanteling’ en ‘type-vervanging’, is het verstandig om verschillende monitorings-
studies te starten vlak na vaccinatie. Monitoring van type-specifieke HPV prevalentie is wenselijk, aangez-
ien het oncogene effect per HPV-type verschilt en omdat veranderingen in HPV type-specifieke prevalentie 
voorafgaat aan de verandering in incidentie van HPV-gerelateerde CIN en kanker.
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Vroege indicatoren van vaccineffectiviteit
Het doel van HPV-vaccinatie is de preventie van baarmoederhalskanker. Omdat het gemiddeld 20-25 jaar 
duurt voordat baarmoederhalskanker zich ontwikkelt, hebben klinische studies gebruik gemaakt van indi-
recte indicatoren als eindpunt, om onrealistisch grote en langdurige studies te voorkomen. Voorbeelden van 
indirecte indicatoren zijn incidente CIN-laesies en persisterende HPV-infecties. Het bivalente en het quadri-
valente vaccin laten in klinische studies een effectiviteit van meer dan 90% zien op het voorkomen van per-
sisterende HPV16/18-infecties en CIN-laesies, gedurende een periode van ten minste 9 jaar na vaccinatie 
[30-32]. De vaccins tonen ook kruisbescherming aan tegen persisterende HPV31- en HPV45-infecties [33,34]. 
 In overeenstemming met de resultaten van klinische studies en enkele vroege resultaten uit andere 
landen [35,36], vonden we in Hoofdstuk 9 dat de vaccineffectiviteit tegen incidente en persisterende infec-
ties onder Nederlandse meisjes hoog was. Bovendien observeerden we een vergelijkbare vaccineffectiviteit 
tegen infectie met HPV16/18 en/of kruisbeschermende de HPV types 31 en 45 (Hoofdstuk 9) in een recente 
meta-analyse [34]. Deze resultaten zijn geruststellend voor het vaccinatieprogramma zoals het nu is geïm-
plementeerd in Nederland. Vervolgstudies van de meisjes in dit cohort, zullen een stabieler beeld geven van 
de vaccineffectiviteit tegen persistente infecties en over enige tijd ook tegen CIN-laesies. 

Opkomst van het HPV vaccinatieprogramma 
In Nederland is de opkomst van kindervaccinaties binnen het Rijksvaccinatieprogramma (RVP) ongeveer 
95%. [37]. De HPV vaccinatiegraad is lager dan deze kindervaccinaties in het RVP. De vaccinatiegraad in 
het eerste jaar na introductie bedroeg 56% (geboortecohort 1997), en steeg licht naar 58% voor het ge-
boortecohort 1998 [37]. De lage opkomst heeft waarschijnlijk te maken met het feit dat het een vaccin betreft 
dat nieuw is, voor een nieuwe leeftijdsgroep, alleen voor meisjes, tegen een SOA en bovendien negatieve 
media aandacht kreeg [38]. Om de impact van het vaccin op de incidentie van baarmoederhalskanker te 
kunnen meten, is het onder meer relevant om de karakteristieken te kennen van de meisjes die zich niet 
laten vaccineren. In Hoofdstuk 11 vonden we dat de HPV vaccinatiegraad onder 16-jarige meisjes niet geas-
socieerd was met een hoger seksueel risicogedrag. Ongevaccineerde meisjes van deze leeftijd lijken daarom 
niet proportioneel vaker blootgesteld te worden aan HPV in vergelijking tot gevaccineerde meisjes. Een 
langere vervolgstudie van deze meisjes is nodig om te zien of dit in de toekomst nog steeds zo is. In 
Hoofdstuk 11 zagen we ook dat risicofactoren die geassocieerd zijn met het niet deelnemen aan het screen-
ingsprogramma voor baarmoederhalskanker, zoals etniciteit en sociaal economische status, niet geassoci-
eerd waren met vaccinatie. Dus in tegenstelling tot sommige andere studies [39], vonden we geen grote 
ongelijkheid in karakteristieken tussen gevaccineerde en ongevaccineerde meisjes. 
 Hoe de vaccinatiegraad verhoogd kan worden is een punt van discussie. Wanneer men bijvoorbeeld kijkt 
naar het effect van kennis over HPV op het wel of niet laten vaccineren, worden uiteenlopende resultaten 
gevonden [40]. Sommige studies laten zien dat een verhoogde kennis van HPV geassocieerd is met een ho-
gere vaccinatiegraad [41,42]. Echter, in een studie in Groot-Brittannië vinden onderzoekers het tegenover- 
gestelde: de vaccinatiegraad was hoog in het eerste jaar na introductie van vaccinatie [43], maar de kennis 
over HPV was daar gering. In een Nederlandse studie [44] zien we een betere kennis van HPV, maar een 
veel lagere vaccinatiegraad dan in Groot-Brittannië. 
 Externe factoren kunnen ook van invloed zijn op de vaccinatiegraad. Bijvoorbeeld de setting waarin het 
vaccin wordt gegeven. In Australië, Canada en Groot-Brittannië wordt het vaccin gegeven op school en is 
de vaccinatiegraad hoog (>85%). Of een andere setting (op dit moment worden er massa vaccinatiesessies 
georganiseerd) in Nederland bij zou dragen aan een hogere vaccinatiegraad is niet duidelijk.
 Het RIVM is een monitoringssysteem aan het opzetten om te onderzoeken waarom mensen zich wel of 
niet laten vaccineren. Tot dusver wordt hier de focus gelegd op vaccinaties die worden gegeven aan jonge 
kinderen (bijv. DKTP en mazelen). Omdat HPV-vaccinatie in vele opzichten anders is dan deze vaccinaties, 
zou het nuttig zijn om een monitoringssysteem specifiek voor HPV te maken. Momenteel onderzoekt een 
andere onderzoeksgroep (TNO) welke factoren impact hebben op de keuze om zich wel of niet te laten vac-
cineren tegen HPV en of er mogelijkheden zijn om meer toegespitste informatie te geven aan meisjes die 
voor deze beslissing staan [45].
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Conclusie
In dit proefschrift zijn verschillende studies uitgevoerd om inzicht te krijgen in de korte termijn effecten 
van HPV-vaccinatie in Nederland. Voorafgaand aan de introductie van de HPV-vaccinatie hebben we ver-
scheidene dwarsdoorsnede DNA studies (zoals de CSI-studie) en serologie studies (zoals de PIENTER-
studies) uitgevoerd om de (sero)epidemiologische situatie van HPV te kunnen schetsen. Als deze studies 
worden herhaald, kunnen vaccinatie-effecten op populatieniveau bestudeerd worden en verschuivingen of 
vervanging van HPV types als gevolg van de HPV-vaccinatie opgepikt worden. Daarnaast hebben we in een 
longitudinale studie (HAVANA) onder 14- tot 16-jarige gevaccineerd en ongevaccineerde meisjes een hoge 
vaccineffectiviteit tegen vroege indicatoren van baarmoederhalskanker laten zien. De jaarlijkse data collec-
tie van de HAVANA-studie zal worden voortgezet met het doel om de middellange tot lange termijn ef-
fecten van HPV-vaccinatie in Nederland te kunnen monitoren. 
 Deze studies zijn onderdeel van een uitgebreid monitoringskader om onder andere de effectiviteit van 
het vaccin tegen laesies te kunnen onderzoeken, de duur van antistof bescherming te kunnen meten en in-
zicht te verkrijgen in het mechanisme van bescherming.
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Dankwoord

Om alvast in de stemming te komen voor het onderwerp van dit proefschrift (mocht je dit niet al zijn ), 
raad ik je aan om het nummer "Pap Smear" op te zetten van de Crystal Castles. Dit gaat over een vrouw die 
een baarmoederhalskanker uitstrijkje moet maken.  http://www.youtube.com/watch?v=mfWJFy7dCoE

Dan nu het dankwoord! Naast het ontmoeten van de allerleukste jongen die er op het RIVM rondloopt 
(Rutger W.), zijn er veel andere mensen die me hebben geholpen en die mijn PhD op het RIVM/VUmc 
ontzettend leuk en leerzaam hebben gemaakt. Die wil ik daarom hieronder bedanken. 

Allereerst mijn promotor Chris Meijer. Voornamelijk in de laatste maanden hebben we intensief samengew-
erkt en kon ik je altijd bellen/mailen. Je was altijd bereid te helpen waar nodig en dat heeft zeker geholpen 
om het proefschrift tijdig af te ronden. 

Hester de Melker, mijn co-promotor. Ik ken niemand die zoveel weet van alle vaccins in het 
Rijksvaccinatieprogramma. Bewonderenswaardig! Ik wil je bedanken voor de ruimte die je me hebt ge-
geven om mezelf te ontwikkelen. Cursussen, buitenlandervaring, als ik het op een goede manier kon rege-
len was dit altijd mogelijk. En het feit dat als er iets aan de hand was je altijd voor me klaar stond, gaf me het 
gevoel dat ik er niet alleen voor stond. 

De leden van de leescommissie: Prof. Dr. Gemma G. Kenter, Prof dr. Sjoerd H. van der Burg, Prof. dr. Roel 
A. Coutinho, Prof. dr. Peter JF. Snijders, Prof. dr. Jolanda de Vries, en dr. Hans (J)A. Bogaards bedank ik 
voor het beoordelen van mijn manuscript.

Dames van de RVP groep, bedankt voor de gezelligheid en de avonden die jullie me hebben geholpen met 
de HAVANA studie. Het zal vast niet altijd makkelijk zijn geweest, met al die pubers in de studie. Speciale 
dank nog voor Alies van Lier, die altijd klaar stond als er wat geregeld moest worden, ook al was het soms 
spannend met een chauffeur die af en toe op de vluchtstrook ging rijden .

Mirjam Knol, pas het laatste jaar hebben we intensiever samengewerkt. Ik heb dat als zeer prettig ervaren. 
Je liet me altijd uitpraten en wist precies wat ik wilde weten of waar ik hulp bij nodig had. Echt een 
topkwaliteit! 

Hans Bogaards, ik heb het erg leuk en leerzaam gevonden om met je samen te werken. Wel af en toe een 
beetje spannend, vanwege het wiskundige aspect, maar je bent echt een kei in het motiveren en enthousiast 
maken van mensen (als je er de bui voor hebt ). Na ons overleg was ik vaak weer super gemotiveerd en 
hadden we een duidelijk plan wat ik daarna kon gaan doen. 

Mirte Scherpenisse, we hebben samen laten zien dat er een goede samenwerking mogelijk is tussen het lab 
en epi (natuurlijk met veel dank aan Fiona van der Klis, Hester de Melker en Audrey King). Het was altijd 
heel prettig om met je samen te werken en natuurlijk ook erg gezellig. Ook Elske van Logchem en Rutger 
Schepp, heel erg bedankt voor het analyseren van alle data en Audrey King voor het rekening houden met 
mijn planning! 

Dan de “overige” HPV mensen. Maarten Schim van der Loeff, Sofie Mooij en Vera van Rijn, bedankt voor 
de fijne samenwerking omtrent het H2M-artikel! Sofie, jij en Nienke Alberts maken een leuke combi 
(Nienke die altijd maar probeert om persoonlijke informatie uit jou te trekken ). Ik vond onze tripjes alt-
ijd erg gezellig! Hopelijk blijven we elkaar nog vaak zien. Ook de andere gezellige congresgangers bedankt 
voor de gezelligheid (Suzette, Rianne, Mirte….)!
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Mijn kamergenoten. Eerst met Jeroen Alblas en Mayke Koek. Jeroen, die me in de eerste weken heeft ge-
holpen te integreren binnen EPI. Daardoor voelde ik me meteen thuis. Bedankt daarvoor (en voor je droge 
humor). Vervolgens ben ik samen met Bianca verhuisd naar de andere gang. Dit was altijd gezellig en je was 
ook altijd bereid me te helpen als ik met een epidemiologische vraag zat. Wat een gemis toen je weg ging! 
Maar ondertussen waren gelukkig Marit en Anouk gekomen, die de boel weer opvrolijkten.

Susan Hahné, Remko Enserink en Rolf Ypma. Bedankt voor alle lunchwandelingen in het bos. Altijd lekker 
om er even tussenuit te zijn en te kletsen over werk of andere zaken. Susan, ik waardeer het dat je altijd met 
dingen aankomt die me aan het denken zetten of enthousiast maken.

Dan nog een aantal andere EPI-ers die ik speciaal wil bedanken. Bijvoorbeeld voor de gezellige Aldi-tripjes 
en zwemtips (Renske Eilers), voor de vaak net een beetje ongepaste grappen en het lenen van de telefoonop-
lader (Rody Zuidema), voor de aanstekelijke lachsalvo’s (Tjibbe Donker), voor het HAVANA modelleren  
(Irene Harmsen) en voor de SAS hulp (Jos Monen). En natuurlijk de overige koffiedrinkers en de secreta-
resses (en dan met name Suzan van der Hoef!).

Dan zijn er maar een paar mensen op aarde die bij bepaalde grappen precies op hetzelfde moment lachen 
als ik. Dat zijn mijn zussen Linde, Jasmijn en Dotter. We begrijpen elkaar met een half woord, en ik kan jul-
lie altijd bellen als ik ergens mee zit. Angelie en Peter, Peter en Angelie, jullie zijn de liefste ouders op  . 
Bedankt dat jullie er altijd voor me zijn!

Menno Schut (www.thesalesmen.nl). Bedankt voor de mooie vormgeving van dit proefschrift.  
Zowel de binnen- als buitenkant heb je super mooi gemaakt.       

De Puellae, oftewel Emma, Else, Kim, Hester, Laura en Thessa. Elke donderdag heb ik weer zin om met jul-
lie te eten, al 10 jaar lang! Af en toe is het net alsof we in een soap leven. Volgens mij weten jullie na vier jaar 
eindelijk wat het onderwerp van mijn proefschrift is.  Ik kan me geen betere vriendengroep bedenken.

Anke Lahuis, tussen de Chinezen in Mexico hebben we elkaar leren kennen. Ik vind het altijd gezellig om 
samen iets te eten/drinken om weer bij te kletsen. En ook Bob Violier en Xander de Rond, ook al gaat er 
soms een tijd voorbij voor ik jullie weer zie, als we elkaar spreken is het altijd weer leuk.

Dan wil ik nog de deelnemers van de HAVANA studie bedanken, en de Saltro medewerkers die binnen de 
HAVANA studie de meisjes hebben geprikt. Zonder jullie was dit proefschrift er niet geweest.

En dan als laatste mijn paranimfen;

Kim, je bent al zo lang een vriendin, al vanaf de brugklas. Toch verbaas je me elke keer weer met wat je nu 
weer hebt gelezen of gedaan. Jouw vermogen om verhalen te vertellen, zonder dat het saai wordt (meestal ), 
is echt een gave. Zelfs al gaat het over een mislukte Marktplaats aankoop. Jouw proefschrift wordt een 
meesterwerk!

Annelie Vink, ik weet niet eens waar ik moet beginnen, zoveel hebben we samen meegemaakt op werk en 
congressen. Je bent altijd bereid mensen te helpen en bent een enorme kletskous. Hoe je tussendoor nog kan 
werken is me echt een raadsel (!), maar je doet het gewoon. Je hebt echt een stel uitzonderlijke kwaliteiten bij 
elkaar. 
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Mocht je na dit dankwoord geen zin meer hebben om de introductie te lezen, dan raad ik je dit filmpje van 
4 minuten aan:  
 
http://youtu.be/YYfTd1DVUBo
 
Misschien dat je dan toch gestimuleerd wordt om de rest ook te lezen? 
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