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Background.

In the Netherlands, the bivalent human papillomavirus (HPV) vaccine has been offered to preadolescent girls via

the National Immunization Program in a 2-dose schedule since 2014. The current study estimates vaccine effectiveness (VE) against
HPV infections up to 4 years postvaccination among girls eligible for routine 2-dose immunization.

Methods. A cohort study (HAVANA2) was used in which participants annually filled out an online questionnaire and provided a
vaginal self-sample for determination of HPV by the SPF10-LiPA25 assay, able to detect 25 HPV types. VE against incident type-specific
infections and pooled outcomes was estimated by a Cox proportional hazards model with shared frailty between the HPV types.

Results.

In total, 2027 girls were included in the study, 1098 (54.2%) of whom were vaccinated with 2 doses. Highest incidence

rate was 5.0/1000 person-years (HPV-51) among vaccinated participants and 9.1/1000 person-years (HPV-74) among unvaccinated
participants. Adjusted pooled VE was 84.0% (95% confidence interval [CI], 27.0%-96.5%) against incident HPV-16/18 infections
and 86.5% (95% CI, 39.5%-97.08%) against cross-protective types HPV-31/33/45.

Conclusions.

Four years postvaccination, 2 doses of bivalent HPV vaccine were effective in the prevention of incident HPV-

16/18 infections and provided cross-protection to HPV-31/33/45. Our VE estimates rival those from 3-dose schedules, indicating

comparable protection by 2-dose schedules.
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Persistent infections with human papillomavirus (HPV) are
associated with development of clinical disease, including ano-
genital or oropharyngeal cancers (in case of high-risk HPV
type infections) and anogenital or laryngeal warts (in case of
low-risk HPV type infections) [1, 2]. From 2006 onward, 3
vaccines targeting different combinations of HPV types have
been registered, which were initially licensed and offered ac-
cording to a 3-dose (3D) schedule (recommended schedule: 0,
1, and 6 months). The European Medicines Agency licensed a
2-dose (2D) schedule (0 and 6 months) for all available HPV
vaccines in 2014 for vaccine recipients aged 9-14 years [3].
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Immunobridging studies demonstrated comparable immuno-
genicity between 9- to 14-year-old 2D-vaccinated and 15- to
26-year-old 3D-vaccinated individuals. As efficacy of vaccina-
tion was already shown among 3D vaccine recipients, compa-
rable efficacy was expected after 2 doses in case of noninferior
immunogenicity [4, 5]. When comparing girls vaccinated at
similarly young age, antibody levels against HPV vaccine types
following 2 doses are within acceptable ranges compared to 3
doses [6-8], although noninferiority of HPV-18 antibodies is
still inconclusive [9, 10].

Ultimately, noninferiority of reduced-dosing schedules
needs to be assessed on vaccine efficacy and effectiveness
outcomes. However, assessment of protection against viro-
logical and clinical outcomes following a 2D schedule re-
quires long follow-up and results are still limited, especially
for the bivalent vaccine (2vHPV). Originally, HPV vaccine
trials in young women used cervical intraepithelial neoplasia
grade 2 (CIN2+) or higher as outcome. Since the introduc-
tion of HPV vaccination, HPV infections are endorsed as
intermediate endpoint for monitoring vaccine effective-
ness (VE) [11]. Only a few studies have shown protection
against HPV infections or CIN2+ after 2 doses, including
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randomized controlled trials (RCTs), a cross-sectional study,
and a linkage study [12-14]. Other observational data also
indicated protection from reduced dosing schedules (in-
cluding both 1- and 2-dose vaccination) [15-17]. However,
the vast majority of these studies were not conducted in
the context of a recommended 2D schedule, so information
was retrieved from incompletely vaccinated individuals (ie,
those who did not complete 3D vaccination series) [13, 18].
Therefore, numbers may be small, age at vaccination may
be higher, and the interval between first and second vaccine
can be shorter than recommended, possibly leading to lower
antibody levels or waning of antibodies [19]. Together, this
might affect VE estimates. As preadolescents who were vac-
cinated according to prescribed 2D regimens do not yet at-
tend cervical cancer screening programs, monitoring of HPV
infections is necessary to assess VE of 2D vaccination in a
population-based setting.

The current study aims to estimate VE of 2vHPV vaccina-
tion against incident genital HPV infections after a 2-dose
recommended schedule from a Dutch longitudinal cohort
study. In the Netherlands, 2vHPV vaccination targeting
high-risk types HPV-16 and HPV-18 was included in the
National Immunization Program (NIP) beginning in 2010,
initially as a girls-only vaccine in a 3D schedule [20]. The
3D schedule was replaced by a 2D schedule in 2014, starting
with girls born in 2001 (eligible for vaccination in the year
they turn 13). Vaccine uptake has been suboptimal in the
Netherlands, ranging between 46% and 61% [21], which fa-
cilitates comparisons between vaccinated and unvaccinated
individuals from the same birth cohorts. We report data
up to 4 years postvaccination among routinely vaccinated
Dutch girls from the first birth cohort eligible for the 2D
schedule.

METHODS

Study Design

In 2016, letters of invitation were sent to 11770 vaccinated and
27491 unvaccinated girls from birth cohort 2001. A longitu-
dinal cohort study was initiated: HAVANA2 (HPV Amongst
Vaccinated and Nonvaccinated Adolescents After 2 Doses). Girls

and their parents signed an informed consent before inclusion
in the study (n = 2476 correct informed consents, response rate
6.3%). Vaccination status of participants was acquired through
the national vaccination registry, Praeventis [22]. Every year,
participants filled out a web-based questionnaire and collected a
vaginal self-sample (Viba-Brush, Rovers Medical Devices, Oss,
the Netherlands). We report data from 2016, 2017, and 2018
(Figure 1), that is, up to 4 years postvaccination. This study ad-
hered to the tenets of the Declaration of Helsinki and was ap-
proved by the Medical Ethics Committee of the VU University
Medical Center (2009/022).

Laboratory Analyses

Self-collected vaginal samples were stored in 1 mL buffered
saline at —20°C. DNA was isolated from 200 pL of suspension
using the MagNA Pure DNA and viral NA small volume Kit
(Roche, Mannheim, Germany). DNA was eluted in 100 uL of
elution buffer, of which 10 pL was used for amplification of HPV
DNA. Amplification was performed using the broad-spectrum
SPF10 primer cocktail. 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 analyzed in a reverse line
blot assay (HPV-LiPA25, Labo Biomedical Products, Rijswijk,
the Netherlands). The reverse line blot assay is able to detect 25
HPV genotypes, including high-risk types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, and 59. Additionally, it can detect 13 low-risk
types: 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 70, and 74. HPV types
68, 73, and 97 are also detected, but since no distinction be-
tween these types can be made, they are all classified as HPV-68.

Statistical Analyses

For inclusion in the analyses, participants needed to hand in a
vaginal self-sample in the first study round and be either un-
vaccinated or vaccinated according to 2D schedule before study
start. Unvaccinated participants who decided to initiate HPV
vaccination during the study were included in the unvaccinated
group until the year they started vaccination and were censored
thereafter. For participants with missing follow-up data in the
questionnaires, data from previous years were used for analyses
if possible (last observation carried forward). Participants were

2014 2015 2016 2017 2018
Two doses of 2vHPV Study Data Data
vaccination offered (NIP) invitation collection collection
to birth cohort 2001 and data
collection

Figure 1. Study design and first years of follow-up. Abbreviations: 2vHPV, bivalent human papillomavirus vaccine; NIP, National Immunization Program.
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Continued

Table 1.

Study Year 2 (2017) Study Year 3 (2018)

Study Year 1 (2016)

Associated
With HPV

Associated With
Vaccination Status

Vaccinated (n = 1098) Unvaccinated (n = 802)  Vaccinated (n = 944) Unvaccinated (n = 767)  Vaccinated (n = 899)

Unvaccinated (n = 929)

PValue

PValue®

(%) No. (%) No. (%) No. (%) No. (%)
(11.4) (18.9) (17.6) (23.3) (25.1)

No.

(%)
(11.9)

No.

Characteristic

96

77

45

38

14

15

.0238

.9926

Has current sex

partner

(34.0)

130
2

48 (39.0) 75 (37.3) 80 (31.4) 109 (33.0)
(61.0) 1 220

(34.9)

44

No

(65.7)

51

(66.7)

(68.6)

175

(62.7)

26

75

(64.3)

Yes

.0011

.6802

Condom use with

partner

30 (1.8) 59 (17.9) 67 (17.5)

(9.5) 12 (9.8) 23 (11.4)
93

12
64

Never

(52.9) 143 (43.3) 161 (42.1)

85

1

(46.3)

60 (48.8)

(50.8)

Always or some-

times

.0092

.3394

Diagnosed with STI

past year

(976)
(2.4)

373

(99.2) 121 (98.4) 196 (975) 253 (99.2) 321 (97.3)
(1.6) (2.5) (0.8) (2.7)

(0.8)

125

No

9

9

2

5

2

Yes

Abbreviations: HPV, human papillomavirus; STI, sexually transmitted infection.

2P values for main effect of vaccination status are reported (no time interaction).

censored for the remainder of the follow-up period if they
did not contribute a self-sample to a year.

To explore possible associations with HPV vaccine uptake,
sociodemographic characteristics among vaccinated and un-
vaccinated girls were described per study year. Differences
in characteristics between vaccinated and unvaccinated girls
over time were analyzed in a generalized estimating equa-
tion (GEE) binomial model with logit link and an exchange-
able correlation structure. Each characteristic was modeled
as a function of vaccination status, study round, and their
interaction, to assess potential trend differences over time.
Additionally, we examined which characteristics were asso-
ciated with HPV infection (irrespective type or persistence)
using a time-dependent GEE with a Poisson distribution
and a log-link. Characteristics significantly associated with
HPV in univariable models (P < .05) were included in a
multivariable model to identify characteristics independently
associated with HPV. These were considered as covariates to
adjust for in VE analyses. An additional category was in-
cluded for missing observations per characteristic. For the
final models we included age, ethnicity, ever had sexual inter-
course, and ever used contraception to adjust the estimates.
The other characteristics that were associated with HPV were
all related to sexual behavior and were not included in the
model as this resulted in nonconvergence (to many variables
in model, data not shown).

Type-specific HPV prevalence was determined per year.
Incidence was defined as being positive for a specific HPV
type, preceded by a negative sample in the previous year (ex-
cept for infections in the first year). Persistence was defined
as being HPV positive for the same HPV type in (at least)
2 consecutive years. Type-specific incidence and persistence
rates were calculated as the number of infections divided
by the person-years at risk (Poisson approach). Infections
(events) were counted at the year in which they were detected.
Person-years were counted as the time between vaccination
or vaccine eligibility for unvaccinated participants (set at 30
June 2014, halfway during the year girls were eligible) and
the end of follow-up or the time of an event, whichever came
first. This reflects the time girls were at risk for developing
an incident or persistent infection. The maximum number of
person-years per participant was 4 (2014-2018).

VE against incident HPV infections was estimated for all
HPV types available in the HPV-LiPA25 using a Cox pro-
portional hazards model with shared frailty between HPV
types. VE was calculated as 1 - hazard ratio X 100%. For
HPV types with zero infection events among vaccinated
girls (ie, VE = 100%), approximate lower bounds of the 95%
confidence intervals (CIs) were obtained by the Peto esti-
mator for the hazard ratio, based on the log-rank statistic
[23]. For other types, event-specific hazards were adjusted
using time-dependent sociodemographic characteristics as
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Figure 2. Type-specific prevalence with 95% confidence intervals of high-risk and low-risk human papillomavirus (hrHPV and IrHPV, respectively) types among vaccinated
and unvaccinated participants per study year.

previously identified. The frailty term in the Cox model denotes ~ with covariate effects estimated simultaneously for all types. As
a random effect on the individual level, representing residual pooled outcomes, we considered vaccine types (HPV-16/18),
heterogeneity in HPV infection risk irrespective of type. VE cross-protective types (HPV-31/33/45), high-risk types (HPV-
against all HPV types was estimated by 1 multivariate model, 16/18/31/33/45/52/58), low-risk types associated with genital

Table 2. Type-Specific Incidence and Persistence Rates per 1000 Person-Years Among Vaccinated and Unvaccinated Participants

Incidence Rates per 1000 PY (95% Cl) Persistence Rates per 1000 PY (95% CI)

HPV Type Unvaccinated Vaccinated Unvaccinated Vaccinated
High-risk types

16 1.8 (1.56-2.1) 0.5(.3-.7) 1.2 (5-3.2) 0.0

18 1.5 (1.3-1.8) 0.0 (.0-.3) 0.0 0.0

31 2.7 (2.4-3.1) 0.5(.3-.7) 0.3(.0-2.2) 0.0

33 0.6 (.4-.8) 0.0 (.0-.3) 0.0 0.0

35 0.6 (.4-.8) 0.0 (.0-.3) 0.0 0.0

39 1.8 (1.5-2.1) 1.8 (1.56-2.0) 0.0 0.0

45 0.6 (.4-.8) 0.0(.0-3) 0.0 0.0

51 6.7 (6.1-73) 5.0 (4.6-5.5) 0.6 (.2-2.4) 0.8 (.2-2.3)

52 2.1 (1.8-2.5) 2.3(2.0-2.6) 0.0 0.3 (.0-1.8)

56 0.9 (.7-1.1) 2.0 (1.7-2.3) 0.3(.0-2.2) 0.3 (.0-1.8)

58 1.2 (.9-1.5) 0.3 (.1-.4) 0.0 0.0

59 2.1 (1.8-2.5) 0.8 (.6-1.0) 0.3 (.0-2.2) 0.0
Low-risk types

6 4.9 (4.4-5.4) 2.3(2.0-2.6) 0.9 (.3-2.8) 0.0

N 1.2 (.9-1.5) 0.5 (.4-.7) 0.3 (.0-2.2) 0.3 (.0-1.8)

34 0.0 (.0-.3) 0.8 (.6-1.0) 0.0 0.0

40 0.3 (.2-.5) 0.8 (.6-1.0) 0.0 0.0

42 0.3 (.2-.5) 1.0 (.8-1.2) 0.0 0.5 (.1-2.0)

43 0.6 (.4-.8) 0.8 (.6-1.0) 0.0 0.0

44 0.0 (.0-.3) 1.0 (.8-1.2) 0.0 0.0

53 3.3(2.9-3.8) 3.5(3.2-3.9) 0.6 (.2-2.4) 0.5 (.1-2.0)

54 1.2 (.9-1.5) 1.8 (1.5-2.0) 0.0 0.5 (.1-2.0)

66 3.0 (2.7-3.4) 2.0 (1.8-2.3) 0.0 0.3 (.0-1.8)

68 1.2 (.9-1.5) 1.0 (.8-1.2) 0.0 0.0

70 0.0 (.0-.3) 0.0 (.0-.3) 0.0 0.0

74 9.1 (8.5-9.8) 4.8 (4.4-5.2) 0.0 0.0

The 95% confidence intervals for zero observations were calculated based on the rule of 3.

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; PY, person-years.
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Figure 3.  Type-specific vaccine effectiveness (VE) estimates against incident human papillomavirus (HPV) infections with 95% confidence intervals (Cls). Crude (gray dots)
and adjusted estimates (black dots) are shown for high-risk (4) and low-risk (B) HPV types. VE was adjusted for age, ethnicity, ever had sexual intercourse, and ever used con-
traception. *For HPV types with no infections among vaccinated participants, confidence estimates could only be included for the crude estimates (using the Peto estimator

for the hazard ratio, based on the log-rank statistic).

warts (HPV-6/11), and a combination of vaccine and cross-
protective types (HPV-16/18/31/33/45). Pooled outcomes were
estimated as weighted averages of types included in a partic-
ular combination to obtain more precise estimates compared
to type-specific VE or a priori specification of combined out-
comes. All statistical analyses were performed using SAS soft-
ware version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS

A total of 2027 girls handed in a vaginal self-sample in the first
study year, 1098 (54.2%) of whom were vaccinated against HPV

according to a 2D schedule at age 12 (in the year they turned
13, according to the NIP). The number of girls participating
amounted to 1666 in the third year due to loss to follow-up
(Table 1). At study start, the mean age was 15 years. In the
first part of Table 1, the entire study population is described
regarding sociodemographic characteristics. Sexual activity
increased from 12% to 43% over the first 3 years. In general,
vaccinated and unvaccinated girls were comparable regarding
sociodemographic characteristics, except for contraception use:
Vaccinated participants were more likely to ever have used con-
traception (odds ratio [OR], 1.18 [95% CI, 1.01-1.37]). Table 1

Effectiveness of 2-Dose HPV Vaccine « JID 2022:226 (15 August) « 639



1 84.0% (27.0 10 96.5)

HPV-16/18 — |

—_——i'

HPV-31/33/45 = ‘ ] : 86.5% (39.5 to 97.0)
—_— !

HPV-6/11 N ‘ $51.7% (3.1 to 77.4)
—_—

HPV-16/18/31/33/45 . o—1 1 85.4% (57.2 to 95.0)
—_—— :

HPV-16/18/31/33/45/52/58 | o 649% (20.21081.0)

-50 0 50 100

VE (95% CI)

Figure 4. Vaccine effectiveness (VE) estimates for pooled outcomes against incident human papillomavirus (HPV) infections with 95% confidence intervals (Cls) for crude
(gray dots) and adjusted estimates (black dots). VE was adjusted for age, ethnicity, ever had sexual intercourse, and ever used contraception.

also shows sexual behavior characteristics among the sexually
active participants only. No differences between vaccinated and
unvaccinated participants were seen in sociodemographic or
sexual characteristics over time.

The prevalence of type-specific HPV infections was low
in the first study year among both vaccinated and unvacci-
nated girls (Figure 2). Prevalence of any HPV type infection
(both low risk and high risk) increased from 1.7% in year 1 to
11.0% in year 3 for unvaccinated participants and from 1.1%
to 8.0% for vaccinated participants, respectively. HPV-51 was
the most prevalent high-risk type, while HPV-74 was the most
prevalent low-risk type, irrespective of vaccination status.
Type-specific incidence rates ranged from 0.0 to 9.1 per 1000
person-years (HPV-74) among unvaccinated and from 0.0
to 5.0 per 1000 person-years (HPV-51) for vaccinated girls.
Due to the low number of persistent infections, persistence
rates could only be calculated for a limited number of HPV
types. Highest persistence rates were 1.2 per 1000 person-
years (HPV-16) among unvaccinated participants and 0.8 per
1000 person-years (HPV-51) among vaccinated participants
(Table 2).

VE against incident infections was calculated for all high-risk
types (Figure 3A), all low-risk types (Figure 3B) and for pooled
outcomes (Figure 4). Type-specific VE estimates against HPV-
18, -33, -35, and -45 were all 100%, as no infections among vac-
cinated participants were detected, but only VE against HPV-18
was statistically significant in unadjusted analyses (P =.0148,
log-rank test). For other types, estimates were adjusted for age,
ethnicity, ever had sexual intercourse, and ever used contra-
ception. In the pooled outcomes analyses, adjusted VE against
vaccine types HPV-16/18 was 84.0% (95% CI, 27.0%-96.5%).
The VE against cross-protective types HPV-31/33/45 was 86.5%
(95% CI, 39.5%-97.08%). Moreover, the VE against incident

infections with high-risk types HPV-16/18/31/33/45/52/58
was 64.9% (95% CI, 20.2%-81.0%), while VE against low-risk
types 6 and 11 was 51.7% (95% CI, -3.1% to 77.4%). The com-
plete models including estimates for covariates are included in
Supplementary Data 1.

DISCUSSION

We studied VE of 2 doses of the HPV-16/18 vaccine in the first
birth cohort eligible for reduced-dosing schedule vaccination
in the routine vaccination program of the Netherlands. With
a 4-year postvaccination follow-up, we demonstrate protec-
tion against incident HPV-16/18 infections as well as cross-
protection against HPV-31/33/45 infections. To our knowledge,
this is the first observational study reporting VE of 2vHPV vac-
cination against type-specific HPV positivity among routinely
2D vaccinated young women. Our VE estimates compare well
to those derived from birth cohorts eligible for the 3D schedule,
indicating similar protection of the 2D schedule [24-26].

An important aspect of this study is that the 2 doses of HPV
vaccination were routinely offered in the NIP and replaced the
initial 3D schedule based on immunological data. In this con-
text, evidence for effectiveness based on virological and clinical
outcomes is imperative and should be compared to the effective-
ness following 3 doses. Previous research on the 3D schedule
can provide various benchmarks, since studies may report ef-
fectiveness against incident, prevalent, or persistent infections,
with increasing expectation for effectiveness, respectively. Data
from Dutch surveillance studies among 3D vaccine-eligible girls
from the catch-up campaign (slightly older at vaccination com-
pared to our participants) indicated that VE against incident
HPV-16/18 infections was 70% (95% CI, 52%-82%) 4 years
postvaccination [24]. For HPV-16/18/31/45, VE was 72%
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(95% CI, 58%-82%). For persistent HPV-16/18 infections up
to 6 years postvaccination from the same study, VE was 97.7%
(95% CI, 83.5%-99.7%) [25]. Another Dutch surveillance study
among sexual health clinic visitors eligible for 3D vaccination
reported a VE of 89.9% (95% CI, 81.7%-94.4%) against prev-
alent HPV-16/18 infections [26]. Together, these findings align
well with the observations from the current 2D study in which
VE of 84% against incident HPV-16/18 infections is found. The
primary and intermediate endpoints for HPV vaccination as
indicated by the World Health Organization include persistent
infections [11]. Due to low numbers, VE against persistent in-
fections was not yet included in our current analyses. With pro-
longed follow-up of the current cohort, these estimates can be
reported in the future.

Routinely offered 2vHPV vaccination according to a 3D
schedule has been in place outside the Netherlands as well.
A Scottish study indicated a VE 0f89.1% (95% CI, 85.1%-92.3%)
against vaccine-type infections among girls offered vaccination
at age 12-13 [13]. For HPV-31/33/45 the VE was 85.1% (95%
CI, 77.3%-90.9%). VE declined with increasing age of vaccina-
tion. In general, VE observed in the current study following a
2D schedule seems comparable to 3D schedule findings, which
is in line with the immunological data and immunobridging
studies on the basis of which the 2D schedule was licensed.

Two-dose VE estimates can also be evaluated based on clinical
trial data. Even though the trials were not designed or powered
to study the 2-dose schedule specifically, they often report their
findings from minority groups receiving <3 doses. Our point
estimate of 84.0% for HPV-16/18 is in line with those of the
2D-vaccinated, HPV-naive cohorts in the HPV PApilloma TRIal
against Cancer In young Adults (PATRICIA) and the Costa Rica
Vaccine Trial (CRVT) (81.2%) [18]. As indicated before, women
receiving their first and second vaccination without proper time
interval might have lower antibody levels following vaccination
[5, 19]. Subanalyses in the CRVT data indeed showed higher
efficacy among those receiving vaccinations 6 months apart
as compared to a shorter interval, also affecting the possibility
of cross-protection against HPV-31/33/45 [18]. In the current
analyses, all 2D-vaccinated girls received their second dose at
>5 months apart from their first dose, likely contributing to
our high VE estimates in general. Our findings also agree well
with observations from a Dutch serosurveillance study con-
ducted among routinely 2D-vaccinated girls [27]. It was found
that seroprevalence was 100% up to 2 years postvaccination
for vaccine types with corresponding high avidity levels, likely
resulting in solid protection against vaccine types and cross-
protective types alike.

Other (high-risk) HPV types against which (cross-protective)
effects were observed included HPV-31/33/45 (VE, 86.5%),
which is in line with observations from previous research
[28], although our estimates were higher. A linkage study be-
tween vaccination status and cervical screening from Scotland

indicated cross-protection against HPV-31/33/45 of 40.3%
among 2D-vaccinated women, but this was among those who
did not complete routinely offered 3D vaccination. Regarding
type-specific significant VE estimates in general, this was only
observed for HPV-18 in unadjusted analyses. This could be due
to rather low numbers of type-specific infections and could be-
come measurable with prolonged follow-up time, as observed
in 3D schedules and other 2D studies [25, 29].

We found a borderline nonsignificant VE against HPV-6/11
infections (51.7% [95% CI, -3.1% to 77.4%]). These low-risk
types are not targeted by HPV-16/18 vaccination. Although 1 of
the first RCTs on 2vHPYV vaccination [30] also indicated partial
protection against HPV-6/11 infections among the HPV-naive
cohort, only very few other surveillance studies could replicate
such an effect [31]. Some studies have shown a partial protec-
tive effect of 2vHPV vaccination against anogenital warts [32],
but these were not focused on specific low-risk types. Moreover,
based on phylogenetic distance, (cross-) protection against
HPV-6 and 11 is not expected [33]. Thus, this finding remains
inconclusive and requires further research, for example on the
possible biological mechanism underlying cross-protection to
low-risk types from the 2vHPV vaccine.

Strengths of the current study include the longitudinal,
population-based design. This is the first birth cohort from the
Netherlands eligible for 2D vaccination according to protocol,
which we were able to follow from a young age. Vaccinated
and unvaccinated participants were comparable regarding
sociodemographic and sexual characteristics, except for con-
traception use. This is in line with previous studies, providing
no suggestion that HPV vaccination status does affect sexual
(risk) behavior [34] and would as such, influence effectiveness
of the program or confound VE estimates. Furthermore, our
participants were comparable to the general Dutch population
regarding sexual behavior, in which the median age for sexual
intercourse was 17.5 years for girls in 2017 [35]. However, we
also acknowledge some limitations. Due to ethical consider-
ations related to the participants’ age at vaccination, we were
unable to start follow-up directly after vaccination and to se-
lect HPV-negative girls at time of vaccination. Consequently,
we might have missed infections that were acquired and cleared
between vaccination and the first measurement, and we attrib-
uted infections at year 1 to infection at that moment. Also, the
rather young age of participants led to a still limited number
of type-specific infections, hence decreasing power in type-
specific VE estimates. Last, there was a relatively low response
rate regarding participation to this study. This might affect gen-
eralizability of results to the general population if specific sub-
groups were more likely to be included. Although participants
were less likely to have a migration background compared to
the general population [36], they were comparable regarding
sexual behavior. Therefore, we think the bias of our estimates
will be limited.
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In conclusion, at 4 years postvaccination, 2 doses of 2vHPV
vaccine were effective in the prevention of incident HPV-16/18
infections and additionally provided cross-protection against
HPV-31/33/45. This is one of the first population-based ob-
servational studies investigating the 2D schedule in a regular
immunization program setting, and indicates that protection is
comparable to 3D schedules and to observations from RCTs.
Our findings are promising regarding future clinical impact of
reduced-dosing schedules.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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