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Early effects of human papillomavirus vaccination in Belgium
Mireille Merckxa,b,*, Davy Vanden Broecka,*, Ina Benoyc, Christophe Depuydtc,
Steven Weyersb and Marc Arbynd
Human papillomavirus (HPV) vaccination has been
reimbursed in Belgium since 2007 for girls (12–15 years),
extended to girls up to 18 years in 2008. This study
assesses the trend of HPV 16/18 infections in women less
than 25 years of age participating in opportunistic cervical
cancer screening. A significant reduction in the prevalence
of HPV 16 [relative risk (RR) = 0.61, 95% confidence
interval = 0.39–0.95] and a nonsignificant reduction in HPV
18 (RR = 0.65, 95% confidence interval = 0.29–1.48) was
found in the youngest group (15–19 years). The prevalences
in the older age group did not change significantly. These
findings show the early effects of HPV vaccination and
confirm the effectiveness of immunization in a real-life
setting. European Journal of Cancer Prevention 00:000–000
© 2014 Wolters Kluwer Health | Lippincott Williams &
Wilkins.

Introduction
In the last decades, insights into the role of the human
papillomavirus (HPV) as a causal agent in the development of cervical cancer became available (Snijders et al.,
2006). Over 150 HPV types are known, at least 14 of
which have been associated with carcinogenous transformation of the cervical epithelium (Clifford et al., 2003).
Infection with HPV is a necessary but insufficient event
in the carcinogenic process; persistent infection with a
high-risk HPV type is essential to induce transformation
of the cervical epithelial cells. HPV 16 is the most prevalent HPV genotype causing cervical cancer, followed
by HPV 18. Combined, worldwide, more than 70% of all
cervical cancer cases are associated with HPV 16 or HPV
18 infection (Seoud et al., 2011).
Cervical cancer is in essence a preventable disease, its
prevention strategies being historically based on secondary prevention with cytological detection of premalignant lesions or HPV infections. Since 2006,
however, primary prevention measures, in the form of
prophylactic HPV vaccines, became available. Currently,
two vaccines are on the market: Gardasil providing protection against HPV 6, HPV 11, HPV 16, and HPV 18,
and Cervarix, providing protection against HPV 16 and
HPV 18. The effects of vaccination are suggested to
include effects on HPV genotypes other than HPV 16
and HPV 18, including HPV 31 and HPV 45 (Malagon
et al., 2012).
Initially, in Belgium, an opportunistic approach was used.
Reimbursement for girls between 12 and 15 years of age
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was obtained from the end of November 2007 with
Gardasil (SPMSD) and from May 2008 for Cervarix
(GSK) as well. By the end of 2008, this reimbursement
was extended to girls between the age of 12 and 18 years.
A school-based programmatic approach, based on the optout principle, was started from 2010 in the Flemish
region and 1 year later in the French-speaking region. By
this strategy, a vaccination coverage rate of 85% had been
reached in the Flemish region in 2012 (Arbyn et al.,
2012).
Official guidelines in Belgium advocate 3-yearly Papsmear testing for women aged 25–64 years (Arbyn and
Van Oyen, 2000). However, up to 2012, cervical cancer
screening was organized in an opportunistic manner and
cervical smears were often performed for women younger
than 25 years of age. Data from cytological screening in
this young age group were used to assess the early effects
of HPV vaccination by monitoring trends in the prevalence of HPV 16 and HPV 18.

Materials and methods
Study design and population

This retrospective descriptive study included 25 532
routine samples obtained from females younger than
25 years of age attending opportunistic cervical cancer
screening. Samples collected between September 2009
and January 2012 from AML Laboratory, Antwerp
(Belgium), were considered for routine analysis.
Participants were divided into two groups according to
age. The first group included females aged 15–19 years
and the second group included females aged 20–25 years.
DOI: 10.1097/CEJ.0000000000000067
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The time scale was divided into 10 trimester periods
(2009-3 through 2011-4).

Table 1

Relative change over the period July 2009–January 2012
Age group (years)

Relative riska

Lower CI

Upper CI

15–19
20–24
15–19
20–24

0.61
0.86
0.65
1.23

0.39
0.72
0.29
0.89

0.95
1.03
1.48
1.69

HPV 16

Statistical analysis

Trend analysis was carried out using a Poisson regression
model, where the logarithm of the number of individuals
tested over a trimester was declared as the offset with
coefficient constrained to unity and including age ×
period as an interaction term (Nelder, 1972). Coefficients
were exponentiated to obtain a risk ratio corresponding
with the average change over the observation period for
each age group and HPV type.
Laboratory testing

All specimens were screened for HPV DNA by PCR
amplification. DNA isolation from liquid-based cytology
was performed as described previously (Micalessi et al.,
2012). All samples were tested for the presence of HPV
16 and HPV 18 using TaqMan-based qPCR, targeting
type-specific sequences of the viral genes 16 E7 and 18
E7. Each patient was assigned an anonymous unique
patient ID number.

Results
In total, 25 532 routine samples were analysed for presence of the two HPV types; 3395 samples were collected
from girls younger than 19 years of age and 22 137 samples were collected from females between 19 and
25 years of age. In the third trimester of 2009, the prevalence of HPV 16 infection was 5.1% [95% confidence
interval (CI) = 3.4–7.2%] and 7.5% (95% CI = 6.2–8.8%)
in the age groups 15–19 and 20–24, respectively. The
proportion of females testing positive for HPV 18 in the
same period was 1.1% (95% CI = 0.4–2.4%) and 1.7%
(95% CI = 1.1–2.4%) in the youngest and oldest age
groups, respectively.

HPV 18

CI, confidence interval; HPV, human papillomavirus.
Relative risk and 95% CI computed by Poisson regression.

a

The curvilinear trends showed a significant reduction for
HPV 16 (RR = 0.61, 95% CI = 0.39–0.95) and a nonsignificant reduction for HPV 18 (RR = 0.65, 95%
CI = 0.29–1.48) in the younger group (Fig. 1a; Table 1).
The prevalences in the older age groups did not change
significantly: HPV 16 (RR = 0.86, 95% CI = 0.72–1.03)
and HPV 18 (RR = 1.23, 95% CI = 0.89–1.69) (Fig. 1b;
Table 1).

Discussion
The effects of prophylactic HPV vaccination have been
shown in clinical trials (FUTURE II Study Group, 2007a;
FUTURE II Study Group, 2007b; Paavonen et al., 2009;
Wheeler et al., 2012). After introduction of the vaccine in
the general population, phase IV clinical trials have been
initiated aiming to monitor the wider effects of the vaccine in the general population. In Belgium, the SEHIB
(Surveillance of the Effects of HPV Immunisation in
Belgium) study has been set up to observe shifts in HPV
genotypes in the population and in abnormal samples
(Weyers et al., 2013). It is expected that the prevalence of
HPV 16 and HPV 18 will reduce, also paralleled potentially by other HPV types (HPV 31, HPV 33, HPV 45) as
shown from the clinical trials (Malagon et al., 2012). It is
still unclear whether other HPV types will appear and
take over the development of cervical neoplastic lesions,
and close surveillance is hence warranted.
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Trend in human papillomavirus (HPV) 16 and HPV 18 infection, Belgium July 2009–January 2012. (a) Age group 15–19 years. (b) Age group
20–24 years.
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In the Belgian system, free organized vaccination for girls
aged 12–13 years has been introduced through a schoolbased programme since 2010, with high coverage in the
Flemish Region (Arbyn et al., 2012). Furthermore, an
opportunistic vaccination effort has been in place in
Belgium, reaching girls between the age of 13 and
18 years of age (Simoens et al., 2009; Arbyn et al., 2010).
According to current national screening recommendations, cervical cancer prevention, on the basis of cytology,
targets women in the age range 25–64 years. However,
despite recommendations, screening was and still is also
offered at earlier ages. In certain cytopathology laboratories, not only cytological screening but also parallel
HPV testing was performed as part of the routine.
Within the line of expectations, a decrease in both HPV
16 and HPV 18 could be detected in the youngest group
(15–19 years of age), having the highest number of vaccinated girls. This decrease was significant for HPV 16.
The trend for HPV 18 was similar in magnitude, but not
significant, most likely because of the lower number of
HPV 18 infections in the population. However, the stable
trends in women 20 years of age and older, where HPV
vaccination must be very low, suggest that the trend in
the age group 15–19 years may be ascribed plausibly to
vaccination.
The current trend analysis is correlational as it is not
linked to vaccination registration data. Such a vaccination
registry should be set up urgently to enable comparison
of the effect of vaccination as a function of vaccination
status. However, recent data from the SEHIB study lend
further support to the thesis that the observed decreasing
trends in the youngest groups may indeed be an effect of
vaccination (Weyers et al., 2013). Finally, vaccine safety
monitoring is an additional important postmarketing
obligation. It is essential to monitor side effects after
administration of the vaccine and register them
rigorously.

Acknowledgements
D.V.B was supported by the Flemish Fund for Scientific
Research (FWO); M.A. was supported by The Belgian
Cancer Foundation and the European Commission

Seventh Framework Programme CoheaHr Project (Grant
No.: 603019). The authors wish to acknowledge the
SEHIB project (Surveillance of Effects of HPV vaccination in Belgium) for the support.
Conflicts of interest

There are no conflicts of interest.

References
Arbyn M, Van Oyen H (2000). Cervical cancer screening in Belgium. Eur J Cancer
36:2191–2197.
Arbyn M, Simoens C, Van Damme P, Scharpantgen A, Meijer CJ, Beutels P
(2010). Introduction of human papillomavirus vaccination in Belgium,
Luxembourg and the Netherlands. Gynecol Obstet Invest 70:224–232.
Arbyn M, de Sanjosé S, Saraiya M, Sideri M, Palefsky J, Lacey C, et al. (2012).
EUROGIN 2011 roadmap on prevention and treatment of HPV-related disease. Int J Cancer 131:1969–1982.
Clifford GM, Smith JS, Aguado T, Franceschi S (2003). Comparison of HPV type
distribution in high-grade cervical lesions and cervical cancer: a meta-analysis.
Br J Cancer 89:101–105.
FUTURE II Study Group (2007a). Prophylactic efficacy of a quadrivalent human
papillomavirus (HPV) vaccine in women with virological evidence of HPV
infection. J Infect Dis 196:1438–1446.
FUTURE II Study Group (2007b). Quadrivalent vaccine against human papillomavirus to prevent high-grade cervical lesions. N Engl J Med
356:1915–1927.
Malagón T, Drolet M, Boily MC, Franco EL, Jit M, Brisson J, Brisson M (2012).
Cross-protective efficacy of two human papillomavirus vaccines: a systematic
review and meta-analysis. Lancet Infect Dis 12:781–789.
Micalessi IM, Boulet GA, Bogers JJ, Benoy IH, Depuydt CE (2011). Highthroughput detection, genotyping and quantification of the human papillomavirus using real-time PCR. Clin Chem Lab Med 50:655–661.
Nelder JWR (1972). Generalized linear models. J R Stat Soc A 135:370–384.
Paavonen J, Naud P, Salmerón J, Wheeler CM, Chow SN, Apter D, et al. HPV
PATRICIA Study Group (2009). Efficacy of human papillomavirus (HPV)16/18 AS04-adjuvanted vaccine against cervical infection and precancer
caused by oncogenic HPV types (PATRICIA): final analysis of a double-blind,
randomised study in young women. Lancet 374:301–314.
Seoud M, Tjalma WA, Ronsse V (2011). Cervical adenocarcinoma: moving
towards better prevention. Vaccine 29:9148–9158.
Simoens C, Sabbe M, Van Damme P, Beutels P, Arbyn M (2009). Introduction of
human papillomavirus (HPV) vaccination in Belgium, 2007–2008. Euro
Surveill 14:1–4.
Snijders PJ, Steenbergen RD, Heideman DA, Meijer CJ (2006). HPV-mediated
cervical carcinogenesis: concepts and clinical implications. J Pathol
208:152–164.
Weyers S, Vanden Broeck D, Guieu A, Depuydt C, Temmerman M, Arbyn M
(2013). Surveillance of Effects of Human Papillomavirus Immunisation in
Belgium (SEHIB). Eurogin Abstracts Part 2. p.261.
Wheeler CM, Castellsagué X, Garland SM, Szarewski A, Paavonen J, Naud P,
et al. (2012). Cross-protective efficacy of HPV-16/18 AS04-adjuvanted
vaccine against cervical infection and precancer caused by non-vaccine
oncogenic HPV types: 4-year end-of-study analysis of the randomised,
double-blind PATRICIA trial. Lancet Oncol 13:100–110.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

