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Abstract 

Background The Netherlands is one of few countries worldwide which has used the bivalent HPV vaccine for girls-
only for over a decade. This allows assessment of vaccine effectiveness (VE) against female genital HPV DNA-positivity 
of this vaccine in an observational post-licencing real-world setting. Additionally, it is unclear whether catch-up vac-
cination campaigns result in similar VE as routine vaccination. Therefore, type-specific and grouped VE were assessed 
and compared for women who had been eligible for catch-up vaccination at 13–16 years with those who had been 
eligible for routine vaccination at 12 years.

Methods PASSYON is a Dutch biennial repeated cross-sectional (2011–2021) study among sexual health clinic clients 
aged 16–24 years old. Women provided self-collected vaginal samples, questionnaires on demographics and sexual 
behaviour were administered, and women self-reported HPV vaccination status. Samples were analysed using a PCR-
based assay  (SPF10-LiPA25). Type-specific and grouped VE estimates, adjusted with propensity score stratification, were 
assessed against genital positivity for 14 HPV types. VE for targeted and non-targeted genotypes were compared 
between women who had been eligible for the catch-up and those who had been eligible for routine vaccination.

Results The study included 4488 female participants who had been eligible for HPV vaccination and provided 
genital swabs (1561 eligible for catch-up, 2927 for routine vaccination). Very high VE against genital HPV-16 and HPV-
18 was observed (resp. 93.5% and 89.5%) and significant cross-protection against six other genotypes (HPV-
31/33/35/45/52/58), varying from 18.0% (HPV-52) to 79.6% (HPV-45). VE estimates were comparable between women 
who had been eligible for the catch-up campaign and those eligible for routine vaccination: VE HPV-16/HPV-18: 92.2% 
(95%CI: 87.9–94.9) vs. 91.8% (95%CI: 86.0–95.2).

Conclusions In real-world settings, the VE of bivalent vaccine is high against targeted genotypes, with cross-pro-
tection against 6 other genotypes. Catch-up campaigns up to age 16 years can be as effective as routine vaccination 
at age 12, although it is recommendable to provide HPV vaccination at an age at which most are likely not sexually 
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active yet. This may inform countries considering catch-up campaigns when introducing or extending the use of HPV 
vaccination within their national immunisation programmes.

Keywords Human papillomavirus, Vaccine effectiveness, Prophylactic vaccination, Bivalent vaccine, Catch-up 
campaign, Observational study, Propensity score

Background
Persistent human papillomavirus (HPV) infections can 
lead to anogenital warts (AGWs) or cancer [1]. Approxi-
mately 5% of new cancer cases worldwide are attributable 
to HPV, with approximately 3–3.5% caused by genotype 
HPV-16 alone [2]. Several prophylactic vaccines have 
been proven to be effective against persistent HPV infec-
tions and CIN2 + and are available across the world. All 
protect against the two most oncogenic genotypes (HPV-
16/18), responsible for about 71% of cervical cancers [3], 
and some vaccines offer additional protection against two 
low-risk HPV (lrHPV) genotypes and to five additional 
high-risk HPV (hrHPV) genotypes. The bivalent vac-
cine Cervarix® is targeted against HPV-16 and HPV-18 
[4] and has shown cross-protection effectiveness against 
other hrHPV genotypes [5].

Post-licencing observational vaccine effectiveness (VE) 
studies are important after the introduction of a vaccine, 
to understand its effectiveness in real-world settings. To 
date, several observational studies have been conducted 
to assess the VE for the bivalent vaccine [5]. However, 
some of those studies did not assess VE type-specifically 
[6, 7] or were from countries that offered more than one 
vaccine type at the same time [8, 9]. Herd-immunity pro-
vided by another HPV vaccine may influence observed 
VE of the bivalent vaccine. Other observational stud-
ies (including from our own group) used mostly data of 
women vaccinated within a catch-up campaign [10–14]. 
In catch-up campaigns, it is more likely that some girls 
have become sexually active before receiving a vaccine 
than in routine vaccination; therefore, VE estimates 
based on catch-up data might not represent VE in rou-
tine vaccination settings. Studies comparing catch-up 
campaign VE with routine vaccination VE of the bivalent 
HPV vaccine are scarce and are mostly modelling studies 
rather than observational studies [15–17]. As more coun-
tries start HPV vaccination or start gender-neutral vacci-
nation, mostly introduced in combination with catch-up 
campaigns, this comparison could inform catch-up strat-
egies. Real-world comparisons of effectiveness between 
catch-up campaigns and routine vaccination are there-
fore needed.

Since the introduction of HPV vaccination in the 
National Immunisation Programme (NIP) of the Neth-
erlands, the bivalent HPV vaccine has exclusively been 
used. This started with a catch-up campaign in 2009 

targeting girls born in 1993–1996 [18] and became part 
of routine vaccination in 2010, starting with birth cohort 
1997. The Netherlands is one of the few countries which 
started with bivalent HPV vaccination and has continued 
doing so for girls-only until 2022. This makes the Dutch 
setting unique and suitable for assessing VE of the biva-
lent vaccine in real-world post-licencing settings. It addi-
tionally provides an opportunity to compare VE of the 
bivalent HPV vaccine between birth cohorts vaccinated 
in the catch-up campaign and those vaccinated in the 
routine vaccination programme.

In this study, we aimed to (1) assess the type-specific 
and grouped VE of the bivalent HPV vaccine against 
female genital HPV DNA-positivity during the 12-year 
girls-only vaccination period. Additionally, (2) we aimed 
to compare VE between women offered vaccination dur-
ing the catch-up campaign to those offered vaccination 
during routine HPV vaccination.

Methods
Study setting
The PApillomavirus Surveillance among Sti clinic 
YOungsters in the Netherlands (PASSYON) study is a 
biennial repeated cross-sectional study among young 
adult sexual health clinic (SHC) clients [19]. During 
each study round, for approximately 2 months, SHC cli-
ents from 10 to 14 SHCs aged 16–24 years were asked to 
participate. After signing a written consent, participants 
were asked to self-collect a genital swab sample for HPV 
testing. Women were instructed to collect the cervicov-
aginal swab sample, by inserting a swab (Copan Diag-
nostics, Italy) about 4 cm into the vagina, until resistance 
was felt, and to turn the swab around along the walls of 
the vagina for about 15 s. All swabs were placed in a tube 
with 1 ml universal transport medium (Copan Diagnos-
tics, Italy) immediately after the swab was taken.

Additionally, participants were asked to complete 
a written questionnaire on demographics and sexual 
behaviour (such as number of sexual partners lifetime 
and in preceding 6 months, age of sexual debut, and his-
tory of STI). Participants also reported whether they had 
been vaccinated against HPV. Finally, diagnoses from 
routine STI testing were available for analyses.

For the current analyses, data from the second through 
seventh study round of PASSYON (2011–2021) were 
used, as these study rounds cover the era in which only 
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girls were invited for HPV vaccination. Only women who 
had been eligible for HPV vaccination were included, 
based on their year of birth. Having been eligible for HPV 
vaccination was defined as being born in 1993 or later, as 
this was the first birth cohort which had been invited for 
the catch-up vaccination. Other inclusion criteria were 
provision of a genital swab and having reported HPV 
vaccination status in the questionnaire.

This study was approved by Medical Ethics Committee 
of the University of Utrecht, the Netherlands (reference 
number: 08/397).

Laboratory methods
All cervicovaginal swabs were stored at − 20 °C until pro-
cessing. Samples were analysed within 12 months of col-
lection, to ensure the quality of the sample. After thawing 
and vortexing, 200 μl of the material was used for DNA 
extraction using the MagnaPure platform (Total Nucleic 
Acid Isolation Kit, Roche, the Netherlands). Total DNA 
was eluted in 100  μl elution buffer, and 10  μl was used 
to amplify HPV-DNA with the  SPF10 primer set. HPV-
specific amplicons were detected using enzyme-linked 
immunoassay (HPV-DEIA, DDL Diagnostic Laboratory, 
the Netherlands). Positive samples were subsequently 
genotyped with the line probe assay (HPV-LiPA, DDL 
Diagnostic Laboratory, the Netherlands), which is able 
to identify 25 genotypes (6, 11, 16, 18, 31, 33–35, 39, 40, 
42–45, 51–54, 56, 58, 59, 66, 68, 70, 74).

Statistical analyses
The current report is an updated and elaborated follow-
up of previous VE reports with data of the PASSYON 
study [11, 20–22].

First, study population characteristics were described 
and compared by vaccination status. Type-specific and 
grouped genital HPV DNA-positivity prevalence was 
calculated for unvaccinated and vaccinated (≥ 1 dose) 
women, separately. Characteristics were also compared 
between women of birth cohort 1993–1996 (these 
women had been eligible for catch-up vaccination) and 
women of birth cohort 1997 and later (these women had 
been eligible for routine vaccination). Finally, characteris-
tics were compared between women who were excluded 
from the analyses because of missing genital sample or 
vaccination status and those included in the analyses.

Type-specific and grouped VE estimates were calcu-
lated using the relative risk (RR) for genital HPV DNA-
positivity comparing vaccinated and unvaccinated women. 
VE was calculated as 1 minus the RR times 100%. First, 
unadjusted, crude VE estimates were calculated. Next, VE 
was calculated based on propensity score (PS) adjusted 
(see further) RRs. Type-specific estimates were made for 
the high-risk genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 

56, 58, and 59 and for the low-risk genotypes 6 and 11. 
We also assessed prevalences of five different HPV group-
ings, defined as being DNA-positive for at least one of 
(1) the bivalent vaccine genotypes (HPV-16/18), (2) the 
cross-protected genotypes as observed previously [23] and 
widely reported in other studies (HPV-31/33/45), (3) the 
cross-protected types found in the current analysis, (4) the 
hrHPV genotypes covered by the nonavalent vaccine (HPV-
16/18/31/33/45/52/58), and finally (5) all hrHPV geno-
types (HPV-16/18/31/33/35/39/45/51/52/56/58/59). These 
groupings were also used for other estimates in this study.

To adjust for differences in study population charac-
teristics over the study rounds, and differences between 
unvaccinated and vaccinated women, PS stratification 
(also called subclassification) was used [24–26]. PS was 
calculated as the propensity of having been vaccinated 
based on study round, geographical location of the SHC, 
demographics (age, migration background and educa-
tion), sexual behaviour (age at sexual debut, currently 
having a steady partner, history of hormonal anticoncep-
tion use, number of sexual partners lifetime and in pre-
ceding 6 months), and having a history of other STIs. For 
each VE calculation, strata were created of the total study 
population based on quintiles of the PS distribution. 
Having defined strata, we assessed balance in co-variates 
in each stratum between the vaccinated and unvacci-
nated groups. If for each covariate the standardised mean 
difference between vaccinated and unvaccinated was 
smaller than 0.10, the balance was considered adequate. 
If this was not reached, a smaller number of strata was 
used. Within each stratum, the RR risk was established 
using generalised linear regression models with binomial 
distribution and log link function [27]. In these models, 
HPV DNA-positivity was the dependent variable and 
self-reported vaccination status the independent variable. 
The overall effect was obtained by pooling the stratum-
specific RRs using stratum specific weights, which are 
based on the total number of included participants in 
that stratum.

Stratified analyses
Four stratified VE analyses were conducted. Stratified 
analyses were conducted by (1) birth cohort, where we 
distinguished women who had been eligible for the catch-
up campaign (birth cohort 1993–1996, 13–16 years old at 
eligibility) from women who had been eligible for routine 
vaccination in the NIP (birth cohort ≥ 1997, 12 years old 
at eligibility).

For women who had been eligible for the catch-up 
campaign, an additional stratified analysis was con-
ducted: (2) we compared the VE for women who were, 
to women who were not, sexually active before, or at 
the same age the vaccine was offered, indicating being 
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potentially sexually active around the time of vaccination. 
This was based on self-reported age at sexual debut and 
the age women had been eligible for vaccination based on 
their year of birth.

For assessing generalisability of the VE estimates, VE 
analyses were conducted (3) stratified by number of sex-
ual partners in the preceding 6 months (two categories, 
based on median) and (4) by years sexually active (age 
at inclusion minus age at sexual debut; three categories, 
based on tertiles). This was done as our study population 
might have been more sexually active than the general 
population.

To test whether VE across the assessed strata differed, 
an interaction term between the stratifying variable and 
vaccination variable was added to the main VE model, to 
test for effect modification. All stratified analyses were 
done type-specifically for HPV-16 and HPV-18 and for 
all HPV groupings as mentioned above.

For each stratum, propensity scores were calculated 
and PS stratification was executed for that specific stra-
tum. The stratum variable was not used in calculating the 
PS for the strata. For example, in the stratified analysis for 
catch-up campaign vs. routine vaccination, variable birth 
cohort was not used in the PS calculation.

Sensitivity analyses
Two sensitivity analyses were conducted. First, instead 
of adjusting for confounding using PS stratification, we 
adjusted VE estimated with multivariable logistic regres-
sion, adjusting for variables associated with vaccination 
(being study round, age, education, migration back-
ground, age at sexual debut, history of STI).

All women offered vaccination during the catch-up 
campaign (birth cohort 1993–1996) were offered a three-
dose schedule (0, 1, and 6 months). All women of birth 
cohort 1997–2000 were offered HPV vaccination at age 
12  years, in the same three-dose schedule. Women of 
birth cohort 2001 and later were offered vaccination in 
a two-dose schedule (0 and 6  months) [18]. In order to 
eliminate any potential differences in VE due to differ-
ent dosing schedules, we performed a sensitivity analysis 
restricted to women who had been eligible for 3 doses.

All analyses were performed using R RStudio (Version 
1.3.959) with help of the cobalt and survey packages. For 
all analyses, statistical significance was defined as p < 0.05.

Results
Study population
In the PASSYON study, a total 13,535 adolescents partici-
pated, of whom 9099 were female. Of those, 5006 women 
had been eligible for vaccination. As 518 women had not 
indicated their vaccination status and/or did not provide 
a genital swab (422 women without reporting vaccination 

status, 96 without genital swab, eight missed both), these 
women were excluded (Additional file 1: Table S1). There-
fore, 4488 women were eligible for the current analysis.

The majority participated in the three study rounds 
2017, 2019, and 2021 (75.7%). 34.8% reported to be 
unvaccinated (n = 1561) and 65.2% to be vaccinated 
(n = 2927) (Table  1). Eligible for the catch-up campaign 
(birth cohort 1993–1996) in our study population had 
been 2345 women (54.2%) and eligible for routine HPV 
vaccination within the NIP (birth cohort ≥ 1997) had 
been 1988 women (45.8%) (Table  2). The median num-
ber of sex partners in the preceding 6 months was 2 (IQR 
1–4), 29.9% had a history of an STI (n = 1332), and 17.4% 
had a current Chlamydia trachomatis infection (n = 775). 
More information on study population characteristics 
can be found in Tables 1 and 2.

Overall, 6.7% of the participants tested positive for 
HPV-16 and/or HPV-18 (n = 299) and 56.4% for at least 
one hrHPV genotype (n = 2532) (Table 1). The type-spe-
cific and grouped HPV prevalences for the twelve hrHPV 
genotypes and the lrHPV genotypes 6/11 by vaccina-
tion status can be found in Fig.  1 and Additional file  1: 
Table S2–S3.

There were important differences between women who 
had been vaccinated and those who had not been vac-
cinated (Table  1). Compared to unvaccinated women, 
vaccinated women were more likely to have no migra-
tion background, to have done (pre)university education, 
to have an older age at sexual debut, and to have no his-
tory of STI. Compared to women who had been eligible 
for routine vaccination, those who had been eligible for 
catch-up HPV vaccination were more likely to be of older 
age at inclusion, to be unvaccinated, to have an older age 
at sexual debut, and higher number of sexual partners 
lifetime and preceding 6 months (Table 2).

VE estimates
Unadjusted VE against at least one of the bivalent gen-
otypes was 91.2% (95% confidence interval (CI): (87.9; 
93.7). VE against HPV-16 was 92.7% (95%CI: (88.9; 95.4), 
and 88.5% (95%CI: (82.0; 93.0) against HPV-18. More 
details on other type-specific and grouped VE can be 
found in Additional file 1: Table S4.

The PS stratification adjusted VE against genital HPV-
16 DNA positivity was 93.5% (95%CI: 89.8; 95.9); for 
HPV-18, this was 89.5 (95%CI: 83.0; 93.6) (Fig.  2). Next 
to the vaccine targeted genotypes, statistically significant 
protection was found against HPV-31 (63.9%; 95%CI: 
54.1; 71.6), HPV-33 (51.5%; 95%CI: 32.6; 65.0), HPV-35 
(48.5%; 95%CI: 23.0; 65.5), HPV-45 (79.6%; 95%CI: 64.7; 
88.2), HPV-52 (18.0%; 95%CI: 6.2; 28.4), and HPV-58 
(31.4%; 95%CI: 8.7; 48.5) (Fig. 2). Significant negative VE 
was found against HPV-59: − 42.6% (95%CI: − 92.9; − 5.4).
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Table 1 Characteristics of the female study population of the PASSYON study who had been eligible for HPV vaccination in the 
Netherlands, by self-reported vaccination status, the Netherlands, 2011–2021

Variable Total Unvaccinated Vaccinated p-value
n (%) or median (IQR) n (%) or median (IQR) n (%) or median (IQR)

Total 4488 1561 2927

Study round  < 0·001

 2011 61 (1·4) 35 (2·2) 26 (0·9)

 2013 325 (7·2) 139 (8·9) 186 (6·4)

 2015 701 (15·6) 264 (16·9) 437 (14·9)

 2017 1122 (25·0) 404 (25·9) 718 (24·5)

 2019 1115 (24·8) 368 (23·6) 747 (25·5)

 2021 1164 (25·9) 351 (22·5) 813 (27·8)

Location SHC 0·13

 Amsterdam 1315 (29·3) 456 (29·2) 859 (29·3)

 Rotterdam 663 (14·8) 231 (14·8) 432 (14·8)

 Utrecht 469 (10·5) 148 (9·5) 321 (11·0)

 Northern Netherlandsa 426 (9·5) 157 (10·1) 269 (9·2)

 Middle Netherlandsb 534 (11·9) 209 (13·4) 325 (11·1)

 Southern Netherlandsc 1081 (24·1) 360 (23·1) 721 (24·6)

Age (years) 21 (19, 22) 21 (19, 22) 21 (19, 22) 0·68

Age (years) 0·85

 16–18 655 (14·6) 224 (14·3) 431 (14·7)

 19–21 2375 (52·9) 822 (52·7) 1553 (53·1)

 22–24 1458 (32·5) 515 (33·0) 943 (32·2)

Migration background  < 0·001

 None (Dutch) 3522 (78·8) 1148 (73·9) 2374 (81·4)

 Migrant 257 (5·7) 112 (7·2) 145 (5·0)

 Child of migrant 692 (15·5) 294 (18·9) 398 (13·6)

Educationd  < 0·001

 (Pre)university 3442 (76·8) 1102 (70·6) 2340 (80·0)

 Other 1042 (23·2) 458 (29·4) 584 (20·0)

Eligibility for HPV vaccinatione  < 0·001

 Catch-up 2432 (54·2) 934 (59·9) 1498 (51·2)

 Routine vaccination 2056 (45·8) 626 (40·1) 1430 (48·8)

Partner 0·03

 No steady partner 2917 (65·6) 977 (63·3) 1940 (66·9)

 Steady partner 1395 (31·4) 523 (33·9) 872 (30·1)

 Open relationship 132 (3·0) 44 (2·8) 88 (3·0)

History of hormonal contraceptive use  < 0·001

 No 169 (3·8) 90 (5·8) 79 (2·7)

 Yes 4163 (92·8) 1415 (90·6) 2748 (93·9)

 Unknown/missing 156 (3·5) 56 (3·6) 100 (3·4)

Sexual behaviour 0·32

 WSM 4157 (92·6) 1437 (92·1) 2720 (92·9)

 WSW 331 (7·4) 124 (7·9) 207 (7·1)

Age sexual debut (years) 16 (15, 17) 16 (15, 17) 16 (15, 17) 0.02

Age sexual debut (years) 0·001

 ≤ 14 580 (13·1) 240 (15·6) 340 (11·8)

 15–16 2099 (47·4) 719 (46·8) 1380 (47·8)

 ≥ 17 1745 (39·4) 578 (37·6) 1167 (40·4)
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The VE against grouped genital DNA positivity of at 
least one of the bivalent genotypes was 92.1% (95%CI: 
88.9; 94.3). Grouped VE against any hrHPV was 12.8% 
(95%CI: 7.9; 17.4). More grouped estimates can be found 
in Fig. 2.

Stratified VE estimates
No statistically significant differences were found in VE 
estimates of the birth cohort that had been eligible for 
the catch-up campaign (birth cohort 1993–1996, eligible 
at age 13–16 years) and VE estimates of the birth cohort 
which had been eligible for routine HPV vaccination 

within the NIP (birth cohort ≥ 1997, eligible at age 12) 
(Fig.  3A, Additional file  1: Table  S5). VE against geni-
tal HPV-16 was 92.1% (95%CI: 86.6; 95.4) for the birth 
cohort of the catch-up campaign and 94.9% (95%CI: 87.8; 
97.8) for the birth cohort of routine vaccination (p for 
interaction = 0.54). For HPV-18, this was 92.2% (95%CI: 
84.1; 96.2) and 86.8 (95%CI: 74.0; 93.3) (p for interac-
tion = 0.37). More details can be found in Fig.  3A and 
Additional file 1: Table S5.

For women who had been eligible for catch-up vacci-
nation, an additional stratified analyses were conducted. 
These were stratified analyses by age of sexual debut 

Table 1 (continued)

Variable Total Unvaccinated Vaccinated p-value
n (%) or median (IQR) n (%) or median (IQR) n (%) or median (IQR)

No. sex partners lifetime 7 (4, 11) 7 (4, 11) 7 (4, 11) 0·15

No. sex partners lifetime 0·13

 0–4 1241 (27·9) 458 (29·7) 783 (27·0)

 5–9 1610 (36·2) 536 (34·7) 1074 (37·0)

 ≥ 10 1592 (35·8) 549 (35·6) 1043 (36·0)

No. sex partners preceding 6 months 2 (1, 4) 2 (1, 3) 2 (1, 4) 0·01

No. sex partners preceding 6 months 0·02

 0–1 1189 (26·5) 451 (28·9) 738 (25·2)

 2–3 2939 (65·5) 996 (63·8) 1943 (66·4)

 ≥ 4 359 (8·0) 113 (7·2) 246 (8·4)

History of STI 0·06

 No 2238 (50·2) 741 (47·8) 1497 (51·4)

 Yes 1332 (29·9) 482 (31·1) 850 (29·2)

 Never tested 891 (20·0) 328 (21·1) 563 (19·3)

Current Ct infectionf 0·92

 Negative 3682 (82·6) 1283 (82·7) 2399 (82·6)

 Positive 775 (17·4) 268 (17·3) 507 (17·4)

Current Ng infectionf 0·98

 Negative 4367 (97·3) 1518 (97·2) 2849 (97·3)

 Positive 45 (1·0) 16 (1·0) 29 (1·0)

 Not tested 76 (1·7) 27 (1·7) 49 (1·7)

HPV-16/HPV-18g 299 (6·7) 256 (16·4) 43 (1·5)  < 0·001

hrHPVh 2532 (56·4) 959 (61·4) 1573 (53·7)  < 0·001

p-value based on a chi-squared test for categorical variables and Wilcoxon rank-sum test for continuous, due to their non normal distributed nature. Totals may 
vary due to missings. Migration background: 17 missings; education: 4 missings; partner 44 missings; age sexual debut 64 missings; no. sexual partners lifetime 45 
missings; no. sexual partners preceding 6 months: 3 missings

Abbreviations: Ct Chlamydia trachomatis, Ng Neisseria gonorrhoeae, hrHPV high-risk HPV, HPV human papilloma virus, IQR interquartile range, SHC sexual health clinic, 
STI sexually transmitted infection, WSM women having sex with men only, WSW women having sex with women
a Multiple SHCs from the provinces Friesland, Groningen, and Drenthe
b Multiple SHCs from the provinces Overijssel and Gelderland
c Multiple SHC from the provinces Noord-Brabant and Limburg
d (Pre)univerisity is defined as higher general secondary education, pre-university education, university for applied sciences, and university. Other is defined as all 
other levels of education
e Eligibility is based on birth cohorts. Catch-up consisted of birth cohort 1993–1996, routine vaccination of birth cohort ≥ 1997
f Diagnosis at the same visit to the SHC at which the participant was included in this study
g DNA-positive for at least one of HPV-16/HPV-18
h DNA-positive for at least one of HPV-16/HPV-18/HPV-31/HPV-33/HPV-35/HPV-39/HPV-45/HPV-51/HPV-52/HPV-56/HPV-58/HPV-59
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Table 2 Characteristics of the female study population of the PASSYON study who had been eligible for HPV vaccination in the 
Netherlands, by eligibility for catch-up or routine HPV vaccination based on birth cohort, the Netherlands, 2011–2021

Variable Total Catch-up campaign Routine vaccination p-value
n (%) or median (IQR) n (%) or median (IQR) n (%) or median (IQR)

Total 4488 2432 2056

Study round  < 0·001

 2011 61 (1·4) 61 (2·5) 0 (0·0)

 2013 325 (7·2) 325 (13·4) 0 (0·0)

 2015 701 (15·6) 648 (26·6) 53 (2·6)

 2017 1122 (25·0) 850 (35·0) 272 (13·2)

 2019 1115 (24·8) 468 (19·2) 647 (31·5)

 2021 1164 (25·9) 80 (3·3) 1084 (52·7)

Location SHC  < 0·001

 Amsterdam 1315 (29·3) 735 (30·2) 580 (28·2)

 Rotterdam 663 (14·8) 402 (16·5) 261 (12·7)

 Utrecht 469 (10·5) 252 (10·4) 217 (10·6)

 Northern Netherlandsa 425 (9·5) 221 (9·1) 204 (9·9)

 Middle Netherlandsb 534 (11·9) 236 (9·7) 298 (14·5)

 Southern Netherlandsc 1082 (24·1) 586 (24·1) 496 (24·1)

Age (years) 21 (19, 22) 21 (20, 23) 20 (19, 21)  < 0·001

Age (years)  < 0·001

 16–18 655 (14·6) 272 (11·2) 383 (18·6)

 19–21 2373 (52·9) 1146 (47·1) 1227 (59·7)

 22–24 1460 (32·5) 1014 (41·7) 446 (21·7)

Migration background 0·19

 None (Dutch) 3522 (78·8) 1900 (78·6) 1622 (79·0)

 Migrant 257 (5·7) 128 (5·3) 129 (6·3)

 Child of migrant 692 (15·5) 390 (16·1) 302 (14·7)

Educationd 0·56

 (Pre)university 3442 (76·8) 1874 (77·1) 1568 (76·3)

 Other 1042 (23·2) 556 (22·9) 486 (23·7)

Self-reported vaccination status  < 0·001

 Unvaccinated 1560 (34·8) 934 (38·4) 626 (30·4)

 Vaccinated 2928 (65·2) 1498 (61·6) 1430 (69·6)

Partner  < 0·001

 No steady partner 2917 (65·6) 1588 (65·8) 1329 (65·4)

 Steady partner 1395 (31·4) 780 (32·3) 615 (30·3)

 Open relationship 132 (3·0) 45 (1·9) 87 (4·3)

History of hormonal contraceptive use  < 0·001

 No 169 (3·8) 90 (5·8) 79 (2·7)

 Yes 4163 (92·8) 1415 (90·6) 2748 (93·9)

 Unknown/missing 156 (3·5) 56 (3·6) 100 (3·4)

Sexual behaviour  < 0·001

 WSM 4157 (92·6) 2283 (93·9) 1874 (91·1)

 WSW 331 (7·4) 149 (6·1) 182 (8·9)

Age sexual debut (years) 16 (15, 17) 16 (15, 17) 16 (15, 17) 0·01

Age sexual debut (years) 0·01

  ≤ 14 1745 (39·4) 902 (37·5) 843 (41·8)

 15–16 581 (13·1) 329 (13·7) 252 (12·5)

  ≥ 17 2098 (47·4) 1175 (48·8) 923 (45·7)
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relative to the year they had been offered HPV vaccina-
tion (i.e. by having been potentially sexually active at 
time of vaccination eligibility). VE estimates were slightly 
lower for five of the seven VE estimates for women who 
were sexually active before or in the same year as being 
eligible for vaccination, although none of these differ-
ences were statistically significant (Fig.  3B, Additional 
file  1: Table  S6). The VE against genital HPV-16 and/or 
HPV-18 was 94.5% (95%CI: 89.9; 97.0) for women who 
were not sexually active before having been eligible for 
vaccination and 87.5% (95%CI: 76.1; 93.4) for those who 
were sexually active before or at the same age as being 
eligible for vaccination (p for interaction 0.07).

In the VE analyses stratified by number of sex partners 
in the preceding 6 months, and by years sexually active, 
also no significant differences were observed in type-
specific and grouped VE between the strata (Additional 
file 1: Fig. S1).

Sensitivity analyses
In the sensitivity analyses, no differences were found in 
VE estimates between the two methods used for adjust-
ment for differences in characteristic between vaccinated 
and unvaccinated women and differences in study popu-
lation over the study rounds. Type-specific and grouped 
VE were comparable for unadjusted estimates, estimates 

Table 2 (continued)

Variable Total Catch-up campaign Routine vaccination p-value
n (%) or median (IQR) n (%) or median (IQR) n (%) or median (IQR)

No. sex partners lifetime 7 (4, 12) 8 (4, 12) 6 (4, 11)  < 0·001

No. sex partners lifetime  < 0·001

 0–4 1241 (27·9) 612 (25·5) 629 (30·8)

 5–9 1610 (36·2) 858 (35·7) 752 (36·8)

 ≥ 10 1592 (35·8) 932 (38·8) 660 (32·3)

No. sex partners preceding 6 months 2 (1, 4) 2 (1, 4) 2 (1, 3) 0·11

No. sex partners preceding 6 months 0·28

 0–1 1189 (26·5) 623 (25·6) 566 (27·5)

 2–3 2937 (65·5) 1603 (66·0) 1334 (64·9)

 ≥ 4 359 (8·0) 203 (8·4) 156 (7·6)

History of STI 0·46

 No 2239 (50·2) 1216 (50·1) 1023 (50·2)

 Yes 1332 (29·9) 739 (30·5) 593 (29·1)

 Never tested 890 (20·0) 470 (19·4) 420 (20·6)

Current Ct infectione  < 0·001

 Negative 3682 (82·6) 2052 (84·9) 1630 (79·9)

 Positive 775 (17·4) 364 (15·1) 411 (20·1)

Current Ng infectione  < 0·001

 Negative 4367 (97·3) 2348 (96·5) 2019 (98·2)

 Positive 45 (1·0) 24 (1·0) 21 (1·0)

 Not tested 76 (1·7) 60 (2·5) 16 (0·8)

HPV-16/HPV-18f 299 (6·7) 205 (8·4) 94 (4·6)  < 0·001

hrHPVg 2533 (56·4) 1427 (58·7) 1106 (53·8) 0·001

Eligibility for HPV vaccination is based on birth cohorts. Catch-up consisted of birth cohort 1993–1996, routine vaccination of birth cohort ≥ 1997. p-value based on 
a chi-squared test for categorical variables and Wilcoxon rank-sum test for continuous, due to their non normal distributed nature. Totals may vary due to missings. 
Migration background: 17 missings; education: 4 missings; partner 44 missings; age sexual debut 64 missings; no. sexual partners lifetime 45 missings; no. sexual 
partners preceding 6 months: 3 missings

Abbreviations: Ct Chlamydia trachomatis, Ng Neisseria gonorrhoeae, hrHPV high-risk HPV, HPV human papilloma virus, IQR interquartile range, SHC sexual health clinic, 
STI sexually transmitted infection, WSM women having sex with men only, WSW women having sex with women
a Multiple SHCs from the provinces Friesland, Groningen, and Drenthe
b Multiple SHCs from the provinces Overijssel and Gelderland
c Multiple SHC from the provinces Noord-Brabant and Limburg
d (Pre)university is defined as higher general secondary education, pre-university education, university for applied sciences, and university. Other is defined as all other 
levels of education
e Diagnosis at the same visit to the SHC at which the participant was included in this study
f DNA-positive for at least one of HPV-16/HPV-18
g DNA-positive for at least one of HPV-16/HPV-18/HPV-31/HPV-33/HPV-35/HPV-39/HPV-45/HPV-51/HPV-52/HPV-56/HPV-58/HPV-59
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adjustments with multivariable logistic regression, and 
estimates with PS stratification (Additional file 1: Fig. S2).

Four thousand two women were included in the sen-
sitivity analysis restricted to women who were offered 
a 3-dose vaccination schedule (all born in 1993–2000), 
and 331 were excluded as they were born in 2001 or later. 
No statistically significant differences were observed 
between VE of the catch-up cohort and the routine vac-
cination cohort (Additional file 1: Fig. S3).

Discussion
This study demonstrated a very high VE of the bivalent 
HPV vaccine against female genital HPV positivity for 
the targeted HPV genotypes HPV-16 and HPV-18 dur-
ing the girls-only HPV vaccination period in the Neth-
erlands. Significant cross-protection was found against 6 
other hrHPV genotypes, being HPV-31, HPV-33, HPV-
35, HPV-45, HPV-52, and HPV-58. No significant dif-
ferences were found in VE between women in our study 
who had been eligible for the 2009 catch-up campaign for 
girls aged 13–16 and women who had been eligible for 
routine vaccination at age 12 as part of the Dutch NIP.

A strength of our study was the large study popula-
tion, of whom 4488 were included in the main analyses. 
This is substantially more than the preceding VE analy-
sis based on PASSYON data of 1087 women [11]. Addi-
tionally, data from multiple geographical locations were 
used, resulting in a high coverage and representativity for 
the country. Furthermore, the Dutch setting is uniquely 

suited to assess VE of the bivalent vaccine post-licencing, 
as the Netherlands is one of the few high-income coun-
tries that uses only the bivalent vaccine [28] and has 
done so since the start of HPV vaccination within the 
NIP. By using SCH clients as our study population, which 
are individuals having experienced high HPV exposure 
shortly before the time of their visit, our study had power 
to estimate effectiveness against HPV types that are not 
so prevalent in the general population. As women attend-
ing SHCs are likely more sexually active than their peers 
not visiting SHCs, it could be suggested that this limits 
the generalizability of the results. The stratified analyses 
showed that VE estimates were comparable across strata 
of sexual behaviour, which favours generalizability. Lastly, 
the study population was aged 16–24  years old, the age 
span in which the incidence of female genital HPV infec-
tions is at its peak [29].

Some limitations should be mentioned. First, sev-
eral variables were self-reported, such as sexual behav-
iour and vaccination status, possibly leading to recall 
or social desirability bias. However, sexual behaviour is 
hard to measure otherwise, and previous analyses from 
the PASSYON study showed that self-reported vacci-
nation status of women correlated very well with high 
antibody levels [11]. Second, vaccination status was not 
reported, or genital swab not provided by 518 women, 
who were otherwise eligible for analyses. This might have 
led to selection bias. Based on variables such as age, age 
at sexual debut and number of sexual partners, there is 

Fig. 1 Type-specific and grouped prevalences and 95% confidence intervals of genital HPV DNA-positivity among female participants who had 
been eligible for HPV vaccination in the Netherlands from the PASSYON study (2011–2021), by vaccination status. 2vHPV is DNA-positive for at least 
one of HPV-16/HPV-18; crosstypes 1 is DNA-positive for at least one of HPV-31/HPV-33/HPV-45; crosstypes 2 is DNA-positive for at least one 
of HPV-31/HPV-33/HPV-35/HPV-45/HPV-52/HPV-58; 9vhrHPV is DNA positive for at least one of HPV-16/HPV-18/HPV-31/HPV-33/HPV-45/HPV-52/
HPV-58; hrHPV is DNA-positive for at least one of 16/18/31/33/35/39/45/51/52/56/58/59. Abbreviations: 2vHPV, bivalent HPV; 9vhrHPV, nonavalent 
high-risk HPV; HPV, human papillomavirus; hrHPV, high-risk HPV
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no indication to expect this. Third, having SHC visitors 
in the study group might not impact the type-specific VE 
estimates, but the grouped estimate might be diluted. The 
high prevalence of non-protected HPV types in both the 
numerator and denominator may lead to an overestima-
tion of the relative risks, which could result in an under-
estimation of the VE. Fourth, to minimise confounding 
caused by differences in study populations between study 
rounds and vaccination status of women, we used PS 
stratification to adjust. Nevertheless, this only adjusts for 
measured variables. We had no information on type of 
sexual practices and smoking behaviour, so we were not 
able to adjust for these variables. Fifth, as unvaccinated 
women might have benefitted from second-order herd-
immunity over time [30], unvaccinated women from 
younger birth cohorts might be less likely to be HPV 
infected. This might have resulted in an underestimation 
in the VE estimates for the routine vaccination cohort. 
Additionally, the routine vaccination cohort as a whole 

might have benefitted more from herd-immunity than 
the catch-up cohort, resulting in a potential bias in the 
comparison between routine and catch-up vaccination. 
Finally, we were unable to conduct a comparison of VE of 
number of doses. Due the pseudonymized study design, 
we could not link our data to a national vaccination data-
base. Considering evidence suggesting that a single dose 
provides comparable efficacy to three doses of bivalent 
HPV vaccination against HPV infection [31–33], we 
would not expect large differences in VE between differ-
ent doses groups. We therefore defined being vaccinated 
as ‘having received at least one dose’. It must be men-
tioned that research on effectiveness of different doses 
schedules is still ongoing and that cross-protection effec-
tiveness on one-dose vaccination has not been looked at 
in-depth.

The VE estimates of type-specific and grouped VE 
against genital HPV-16 and/or HPV-18 of this study are 
in agreement with previous literature; the estimates are 

Fig. 2 Type-specific and grouped vaccine effectiveness of the bivalent HPV vaccine against genital HPV DNA-positivity for female participants 
who had been eligible for HPV vaccination included in the PASSYON study, the Netherlands, 2011–2021. 2vHPV is DNA-positive for at least one 
of HPV-16/HPV-18; crosstypes 1 is DNA-positive for at least one of HPV-31/HPV-33/HPV-45; crosstypes 2 is DNA-positive for at least one of HPV-31/
HPV-33/HPV-35/HPV-45/HPV-52/HPV-58; 9vhrHPV is DNA positive for at least one of HPV-16/HPV-18/HPV-31/HPV-33/HPV-45/HPV-52/HPV-58; hrHPV 
is DNA-positive for at least one of 16/18/31/33/35/39/45/51/52/56/58/59. Abbreviations: 2vHPV, bivalent HPV; 9vhrHPV, nonavalent high-risk HPV; 
CI, confidence interval; HPV, human papillomavirus; hrHPV, high-risk HPV; VE, vaccine effectiveness
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in line with previous vaccine efficacy trials of the biva-
lent HPV vaccine [4, 34] and with post-licencing obser-
vational studies among young women [6, 8, 10]. Some of 
these studies assessed persistent infection instead of HPV 
positivity but reported comparable VE estimates against 
female genital HPV.

We found significant cross-protection against 6 geno-
types, being HPV-31, HPV-33, HPV-35, HPV-45, HPV-
52, and HPV-58. These genotypes are associated with 
an additional 18% of cervical cancers worldwide [3]. 
Cross-protection against these genotypes had been 
observed before in HPV vaccine studies, although 
never before all these 6 genotypes within one study. 
The PATRICIA trial, the largest phase III trial, observed 
significant cross-protection against persistent infec-
tion with HPV-31, HPV-33, HPV-45, and HPV-52 
with comparable estimates and against incident infec-
tion with HPV-35 [35, 36]. Another large clinical trial, 
the Costa Rica HPV vaccine Trial, assessed cross-pro-
tection of the bivalent HPV vaccine against incident 
infection [37]. They observed not only cross-protec-
tion against previously mentioned genotypes (HPV-
31/33/35/45) but also against HPV-58 of 21.2% (95%CI: 
4.2; 35.3), somewhat lower than our estimate. In a sys-
tematic review on cross-protective effects of the biva-
lent HPV vaccine, outcomes of 17 observational studies 
were compared [5], either as VE or prevalence over 
time. Of these studies, being from Japan, Luxembourg, 
Scotland, Finland, and the Netherlands, 11 observed 
cross-protection: nine against HPV-31, eight against 
HPV-45, five against HPV-31, and two against HPV-52 
[5]. Finally, previous analyses of the PASSYON study 
[11, 22] did not observe significant cross-protection 
against HPV-58 as observed in the current analysis, 

Fig. 3 Stratified analyses of type-specific and grouped vaccine 
effectiveness of the bivalent HPV vaccine against genital HPV 
DNA-positivity for female participants who had been eligible for HPV 
vaccination within the catch-up campaign and routine vaccination 
included in the PASSYON study, the Netherlands, 2011–2021. 
A presents stratified VE analyses by birth cohort, where birth 
cohort 1993–1996 had been eligible for the catch-up campaign 
and birth cohort ≥ 1997 for routine vaccination. B presents stratified 
analyses by having been sexually active before or at the same 
age as having been eligibility for HPV vaccination for women 
of the catch-up cohort. 2vHPV is DNA-positive for at least one 
of HPV-16/HPV-18; crosstypes 1 is DNA-positive for at least one 
of HPV-31/HPV-33/HPV-45; crosstypes 2 is DNA-positive for at least 
one of HPV-31/HPV-33/HPV-35/HPV-45/HPV-52/HPV-58; 9vhrHPV 
is DNA positive for at least one of HPV-16/HPV-18/HPV-31/HPV-33/
HPV-45/HPV-52/HPV-58; hrHPV is DNA-positive for at least one 
of 16/18/31/33/35/39/45/51/52/56/58/59. Abbreviations: 2vHPV, 
bivalent HPV; 9vhrHPV, nonavalent high-risk HPV; HPV, human 
papillomavirus; hrHPV, high-risk HPV; VE, vaccine effectiveness

◂
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which is probably explained by the greater power of the 
current analysis due to the larger study population.

A statistically significant negative VE for HPV-59 was 
observed. The  SPF10-DEIA-LiPA25 is known to detect 
HPV-59 less well in the presence with co-infection of 
other hrHPV genotypes [38]. Effective vaccination 
leads to a decrease in co-infections with other geno-
types, making it more likely for HPV-59 to be detected 
in vaccinated compared to unvaccinated women [38]. 
This might lead to a biased VE estimate as shown previ-
ously [38].

In this study, VE estimates were similar for women who 
had been eligible for the catch-up campaign in 2009 at 
the age 13–16  years and for women who had been eli-
gible from 2010 onwards for routine HPV vaccination 
at 12  years as part of the Dutch NIP. Even for women 
whom were potentially sexually active at the time they 
had been offered HPV vaccination, the VE was very high. 
Only one other study, also conducted in the Netherlands, 
compared routine vaccination to the catch-up but did 
not report type-specific HPV-16/HPV-18 VE estimates 
[39]. That study did not find statistically significant dif-
ferent hrHPV positivity rates for women vaccinated in 
the catch-up campaign compared to those vaccinated in 
routine vaccination, although the odds for hrHPV was 
slightly lower in the routine vaccination cohort than 
the catch-up cohort [39]. These results are in line with 
findings of the current study. Our results are suggestive 
that catch-up campaigns up to the age of 16 is probably 
as effective, in terms of VE, as routine vaccination at an 
earlier age. This is in line with other studies that found 
that vaccination up to age 16  years was associated with 
reduced risk of cervical cancer protection; protection was 
much lower for females vaccinated at the age of 17 years 
and above [40–43]. It seems that catch-up campaigns up 
to the age of 16 years might be effective in terms of pro-
tection and who are reached. With a median age of sexual 
debut in our study population of 16 years (IQR: 15–16), 
most girls were not yet, or just recently, sexually active 
when they would have been eligible for the catch-up vac-
cination at the age of 13–16 years. The older people are 
when being vaccinated, the more likely they are already 
sexually active. Therefore, higher age of vaccination is 
related to an increased odds for HPV infection [44]. We 
recommend conducting similar analyses in countries 
with catch-up campaigns targeting older age groups, to 
further assess the relation between age of vaccination 
and the VE for HPV vaccination. In the Netherlands, a 
gender-neutral catch-up campaign up to the age of 26 
was conducted starting 2023. Future analyses are rec-
ommended to assess the effectiveness of this catch-up 
campaign.

Conclusions
In our study, a high VE of bivalent HPV vaccination 
was demonstrated against genital HPV-16 and HPV-18 
DNA positivity for young women in the Netherlands. 
Additionally, significant cross-protection was found 
for six other hrHPV genotypes. Together, these eight 
genotypes are responsible for 89% of cervical cancers 
worldwide. These findings should be used in cost-effec-
tiveness studies when deciding about the choice of vac-
cine in NIPs. Moreover, this study demonstrated that 
catch-up campaigns focussed on girls up to age 16 years 
might be as protective as routine vaccination at an ear-
lier age. However, as most estimates were slightly lower 
for women who were sexually active before or at the 
same age as they were eligible for vaccination, it is rec-
ommendable to provide HPV vaccination at an age at 
which most are likely not sexually active yet.
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