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ABSTRACT

Background: In Luxembourg, the human papillomavirus (HPV) vaccination program introduced in 2008, pro-
vided either bivalent (BV) or quadrivalent (QV) vaccines to girls aged 12-17 years. Here, we estimate the ef-
fectiveness of BV and QV vaccines combined and separately in reducing type-specific HPV prevalence eight years
after the introduction of the vaccination program.

Methods: A cross-sectional prevalence study was conducted among women aged 18-29 years in 2015-2017.
Seven hundred sixteen participants were recruited at family planning centres or private gynaecology practices in
Luxembourg. Vaccination records were verified in the social security database. Cervical samples were tested
using the Anyplex II HPV28 assay. Vaccine effectiveness was estimated using logistic regression.

Results: In total, 363/716 (50.7%) participants were HPV positive with any HPV and 209/716 (29.2%) with
carcinogenic HPV genotypes. HPV vaccination offered high protection against HPV16,/18 (adjusted odds ratio
(AOR) = 0.13; 95% CI 0.03-0.63), HPV6/11 (AOR = 0.16; 95% CI 0.05-0.48) and cross-protection against
HPV31/33/45 (AOR = 0.41; 95% CI 0.18-0.94). The AORs were generally enhanced when only considering
vaccination before sexual debut corresponding to AORs: 0.05 (95% CI 0.00-0.88), 0.08 (95% CI 0.02-0.36) and
0.20 (0.06-0.65) against HPV16,/18, HPV6/11 and HPV31/33/45, respectively. We observed significant pro-
tection against carcinogenic genotypes included in nonavalent vaccine for BV (AOR = 0.29; 95% CI 0.13-0.67),
but not for QV (AOR = 0.81; 95% CI 0.47-1.40) (heterogeneity ChiZ P = 0.04).

Conclusions: Our study suggests high effectiveness of HPV vaccination against HPV6/11, HPV16/18 and a cross-
protection against HPV31/33/45. Vaccination effectiveness was slightly higher for women vaccinated before
sexual debut.

1. Introduction

not classifiable as carcinogenic to humans) [2]. Genotypes 16/18 are
responsible for 72% and genotypes 31/33/45/52/58 for an additional

Human papillomavirus (HPV) is the most common sexually trans-
mitted pathogen worldwide and the principal cause of cervical cancer
[1]. HPV genotypes have been classified into three groups according to
their oncogenic potential; carcinogenic group 1 (16/18/31/33/35/39/
45/51/52/56/58/59), probable/possible carcinogenic group 2 (26/30/
34/53/66/67,/68/69/70/73/82/85/97) and group 3 (6/11 and others

18% of HPV-related cancers [3]. Genotypes 6/11 account for 90% of
genital wart cases [4].

Three prophylactic HPV vaccines are currently available: bivalent
vaccine (BV) protecting against genotypes 16/18, quadrivalent vaccine
(QV) protecting against genotypes 6/11,/16/18, and nonavalent vaccine
protecting against genotypes 6/11/16/18/31/33/45/52/58. By

Abbreviations: AGC-NOS, atypical glandular cells not otherwise specified; AOR, adjusted odds ratios; ASC-H, atypical squamous cells of undetermined significance
in which a high-grade squamous intraepithelial lesion cannot be excluded; ASC-US, atypical squamous cells of undetermined significance; BV, bivalent vaccine; HPV,
Human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesions; NILM, negative for intraepithelial

lesions and malignancies; QV, quadrivalent vaccine; VE, vaccine effectiveness
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February 2019, 92 countries or territories had introduced HPV vacci-
nation programmes distributing over 270 million vaccine doses during
the last decade [5,6]. A significant reduction in the prevalence of vac-
cine-related and non-vaccine genotypes has been reported in vaccine
trials and observational studies [7-12]. HPV vaccines have been proven
to be effective against cervical lesions and genital warts and have thus
the potential to prevent cervical and anogenital HPV-related cancers
[12-16].

In Luxembourg, the national HPV vaccination programme was in-
troduced in 2008, offering the choice of either BV or QV vaccine to
12-17 year old girls free of charge. The vaccines were delivered by private
physicians with the three-dose schedule over a 6-month interval. In 2015,
the vaccination schedule changed offering only two doses of BV vaccine
separated by 6 months [17]. In previous work we showed that overall
vaccination coverage with at least one dose was moderately high in Lux-
embourg, reaching 62% of women born between 1991 and 2003 [17].

The primary aim of this study was to estimate the effectiveness of
the HPV vaccination programme in Luxembourg 8 years after im-
plementation based on HPV prevalence in vaccinated and unvaccinated
women. The secondary aim was to estimate the effectiveness of bivalent
and quadrivalent vaccines separately. To our knowledge, this is one of
the first studies assessing the effectiveness of BV and QV vaccines in the
same population setting.

2. Methods
2.1. Study design and epidemiological data collection

A cross-sectional prevalence study was conducted from November
2015 until December 2017 in Luxembourg. Women, attending regular
cervical cancer screening or seeking sexual health service at family
planning centres (http://www.planningfamilial.lu/) or private gynae-
cology practices were recruited if they were sexually active and be-
longed to the age group 18-29 years. Participants signed an informed
consent form and completed a questionnaire on vaccination status and
sexual behaviour (Supplement 1). To ascertain vaccination status,
vaccination records consisting of vaccination dates and type of vaccine
(BV or QV) were obtained from the social security database and linked
with the self-reported questionnaire, HPV test and cytology results
using unique national personal identifiers. Vaccination status was de-
fined in four categories as follows: unvaccinated (no evidence of vac-
cination according to questionnaire and social security records), vac-
cinated with at least two BV doses verified by social security records,
vaccinated with at least two QV doses verified by social security records
and other vaccinated (i.e. self-report only, one verified dose only or
different vaccine types according to social security records). The vac-
cinated category included participants who received at least two doses
of BV or QV vaccines regardless of the interval between the doses and
vaccination age. Only 10% of the participants were vaccinated with 2
doses above the recommended vaccination age (range 15-18 years) or
having a between dose interval lower than 6 months.

2.2. Cytology

Cervical samples were collected by gynaecologists with a cervical
broom and placed in a vial containing PreservCyt medium for liquid-
based cytology according to European Guidelines [18]. Samples were
examined according to the ThinPrep Pap Test and Imaging System
(Hologic, Bedford, MA, USA) and interpreted according to the Bethesda
2001 nomenclature: negative for intraepithelial lesions and malig-
nancies (NILM), atypical squamous cells of undetermined significance
(ASC-US), atypical glandular cells not otherwise specified (AGC-NOS),
low-grade squamous intraepithelial lesions (LSIL), atypical squamous
cells of undetermined significance, in which a high-grade squamous
intraepithelial lesion cannot be excluded (ASC-H), and high-grade
squamous intraepithelial lesions (HSIL) [19].
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2.3. HPV genotyping

DNA extraction from ThinPrep samples was performed using the
QIAamp DNA mini kit according to the manufacturer’s instructions
(Qiagen, Hilden, Germany) [20]. HPV detection and genotyping were
performed with the Anyplex II HPV28 assay (Seegene, Seoul, South
Korea) based on a pilot study, which is based on multiplex real-time
PCR targeting L1 gene [21]. The Anyplex II HPV28 assay simulta-
neously detects and identifies 28 HPV genotypes including all of the
carcinogenic and probable/possibly carcinogenic genotypes [2]. Am-
plification was performed in two multiplex reactions on a CFX96 real-
time thermocycler (Bio-Rad, Hercules, CA; 5 pL input volume for both
multiplex reaction). Data recording and interpretation (automated with
the Seegene viewer software) were performed according to the manu-
facturer instructions [21].

2.4. Statistical analysis

Statistical analysis was performed using STATA 14 (College Station,
Texas, USA). Differences between proportions were assessed by
Pearson's Chi® test. We used stepwise logistic regression analysis to
evaluate the association between potential risk/protective factors and
HPV infection. As HPV infection with any type was significantly asso-
ciated with the number of lifetime sexual partners and last partnership
duration (p < 0.05), these variables were controlled for in the multi-
variable logistic regression model to study the effect of vaccination
status on HPV prevalence. Although age was not significantly asso-
ciated with HPV in the stepwise logistic regression, we included the
variable in the main analysis, since it is a strong epidemiological pre-
dictor of HPV infection [22]. We studied the effect of each vaccine
separately and of HPV vaccination jointly. Adjusted odds ratios (AOR)
estimated from the logistic regression model were used to calculate
vaccine effectiveness (VE) as follows: VE = (1-AOR) * 100 [8,23,24].
Missing values were included in the model as a separate category.

3. Results
3.1. Characteristics of study participants

Overall 716 female study participants with a mean age of 22.3 years
were recruited, of which 654 (91.3%) at family planning and 62 (8.7%)
at private gynaecology practices. Four hundred seven (56.8%) were
Luxembourgish, 188 (26.3%) had Portuguese nationality and 121
(16.9%) had other nationalities reflecting the population composition
of this age group in Luxembourg [25]. The mean age at sexual debut
was 16.7 years, and 531 (76.5%) of 694 participants reported more
than one lifetime sexual partner. The characteristics of the study po-
pulation by vaccination status are presented in Table 1.

3.2. Vaccination status

Overall, 401 (56.0%) participants reported having been vaccinated,
248 (34.6%) reported to be unvaccinated and 67 (9.4%) did not know
their vaccination status. Vaccination with at least two doses of the same
vaccine was verified in the social security database for 347 (48.5%)
participants corresponding to 86.4% of women who reported to be
vaccinated. Among the 347 vaccinated women with two verified doses
of the same vaccine, 131 (37.8%) were vaccinated with BV and 216
(62.2%) were vaccinated with QV. An additional 137 (19.1%) of par-
ticipants had some evidence of vaccination (self-report or vaccine dose
recorded), but two doses of the same vaccine could not be verified in
the social security database, including 32 (4.5%) participants with a
single dose or two doses with different vaccines (Table 2).

The proportion of participants who received three doses did not
differ significantly (p = 0.879) between BV (115/131, 87.8%) and QV
recipients (185/216, 85.6%). Similarly, the proportion of participants
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Table 1
Characteristics of study population by vaccination status.
Total N Unvaccinated N (col %) Other vaccinated P-value® BV P-value Qv P-value
(col %) N (col %) N (col %) N (col %)
Total 716 232 (32.4) 137 (19.1) 131 (18.3) 216 (30.2)
Vaccinated before sexual debut 97 (74.0) 162 (75.0)
Age < 0.001 < 0.001 < 0.001
18-20 244 (34.1) 34 (14.7) 50 (36.5) 71 (54.2) 89 (41.2)
21-23 234 (32.7) 65 (28.0) 39 (28.5) 43 (32.8) 87 (40.3)
24+ 238 (33.2) 133 (57.3) 48 (35.0) 17 (13.0) 40 (18.5)
Mean age (range) 22.3 (18-29) 24.2 (18-29) 22.2 (18-29) < 0.001 20.6 (18-26) < 0.001 21.3 (18-26) < 0.001
Nationality 0.120 0.244 < 0.001
Luxembourgish 407 (56.8) 129 (55.6) 61 (44.5) 75 (57.3) 142 (65.7)
Portuguese 188 (26.3) 54 (23.3) 40 (29.2) 37 (28.2) 57 (26.4)
Other 121 (16.9) 49 (21.1) 36 (26.3) 19 (14.5) 17 (7.9)
Language 0.191 0.298 0.068
French 503 (70.3) 151 (65.1) 99 (72.3) 93 (71.0) 160 (74.1)
German 152 (21.2) 57 (24.6) 23 (16.8) 28 (21.4) 44 (20.4)
Others 61 (8.5) 24 (10.3) 15 (10.9) 10 (7.6) 12 (5.5)
Age of sexual debut
<16 178 (24.9) 61 (26.3) 28 (20.4) 0.136 31 (23.7) 0.008 58 (26.9) 0.144
16-17 329 (46.0) 89 (38.4) 67 (48.9) 72 (55.0) 101 (46.8)
=18 197 (27.5) 76 (32.8) 39 (28.5) 27 (20.6) 55 (25.5)
Mean age (range) 16.7 (12-29) 16.9 (12-26) 16.8 (13-29) 0.728 16.4 (13-21) 0.036 16.5(12-24) 0.037
Lifetime sexual partners 0.011 < 0.001 < 0.001
0-2 307 (42.9) 72 (31.0) 58 (42.3) 68 (51.9) 109 (50.5)
3-4 213 (29.8) 69 (29.7) 45 (32.9) 40 (30.5) 59 (27.3)
=5 174 (24.3) 84 (36.2) 30 (21.9) 20 (15.3) 40 (18.5)
Duration with last partner in years 0.465 0.065 0.712
0-1 267 (37.3) 82 (35.3) 51 (37.2) 56 (42.8) 78 (36.1)
2-3 186 (26.0) 54 (23.3) 40 (29.2) 34 (26.0) 58 (26.9)
=4 186 (26.0) 68 (29.3) 35 (25.6) 24 (18.3) 59 (27.3)
Mean duration in years (range) 2.7 (0-13) 3.0 (0-13) 2.8 (0-11) 0.524 2.3 (0-10) 0.036 2.6 (0-9) 0.165
Last partner age 0.001 < 0.001 < 0.001
<21 183 (25.6) 35 (15.1) 38 (27.7) 52 (39.7) 58 (26.9)
22-25 273 (38.1) 74 (31.9) 51 (37.2) 52 (39.7) 96 (44.4)
=26 236 (33.0) 115 (49.6) 45 (32.9) 20 (15.3) 56 (25.9)
Mean age (range) 24.3 (16-45) 26.0 (16-45) 24.1 (16-41) < 0.001 22.4 (17-36) < 0.001 23.7 (16-37) < 0.001
Absolute age difference with last partner in years 0.240 0.259 0.998
0-1 290 (40.5) 89 (38.4) 63 (46.0) 55 (42.0) 83 (38.4)
2-3 197 (27.5) 62 (26.7) 38 (27.7) 39 (29.8) 58 (26.9)
=4 205 (28.6) 73 (31.5) 33 (24.1) 30 (22.9) 69 (31.9)
Mean absolute difference (range) 2.8 (0-18) 3.0 (0-18) 2.6 (0-17) 0.274 2.4 (0-13) 0.039 2.9 (0-14) 0.755
Condom use 0.825 0.874 0.367
Never 184 (25.8) 57 (24.7) 38 (27.9) 32 (24.4) 57 (26.4)
Sometimes 277 (38.8) 96 (41.6) 58 (42.7) 50 (38.2) 73 (33.8)
Often 138 (19.3) 44 (19.0) 22 (16.2) 26 (19.9) 46 (21.3)
Always 115 (16.1) 34 (14.7) 18 (13.2) 23 (17.6) 40 (18.5)
Smoking status 0.327 0.904 0.089
Never 448 (62.6) 141 (60.8) 77 (56.2) 82 (62.6) 148(68.5)
Sometimes 69 (9.6) 23 (9.9 16 (11.7) 10 (7.6) 20 (9.3)
Often 41 (5.7) 18 (7.8) 6 (4.4) 11 (8.4) 6 (2.8)
Daily 158 (22.1) 50 (21.5) 38 (27.7) 28 (21.4) 42 (19.4)

Abbreviations: BV, bivalent vaccine; QV, quadrivalent vaccine;
P-values are reported comparing each category (BV, QV and other vaccinated) to unvaccinated category using Chi? test. Mean values were compared using t-test.
Missing values were excluded from the analysis. Data are no. (%) of participants, unless otherwise indicated.

Table 2

Comparison of self-reported and verified vaccination status from the social security database among study participants.

Self-reported vaccination status

Vaccination status from social security database
Verified vaccinated

Unvaccinated Other vaccinated BV Qv Total

N (%) N (%) N (%) N (%)
Unvaccinated 232 (100) 6 (4.4) 4(3.1) 6 (2.8) 248 (34.6)
Unknown vaccination status 0 (0) 48 (35.0) 10 (7.6) 9(4.2) 67 (9.4)
vaccinated with QV 0 (0) 24 (17.5) 2 (1.5) 93 (43.0) 119 (16.6)
vaccinated with BV 0 (0) 13 (9.5) 60 (45.8) 3(1.49 76 (10.6)
Vaccinated, unknown type 0 (0) 46 (33.6) 55 (42.0) 105 (48.6) 206 (28.8)
Total 232 (100) 137 (100) 131 (100) 216 (100) 716 (100)

Abbreviations: BV, bivalent vaccine; QV, quadrivalent vaccine;
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who started vaccination before sexual debut did not differ significantly
(p = 0.940) between BV (97/131, 74%) and QV recipients (162/216,
75%).

3.3. HPV prevalence

In total, 363 (50.7%) participants were positive for at least one of
the 28 HPV genotypes tested and 199 (27.8%) were infected with more
than one genotype. HPV prevalence was similar (p = 0.334) in verified
2-dose vaccinated women (161/347, 46.4%) as in unvaccinated women
(124/232, 53.5%). HPV prevalence was similar (p = 0.434) between
verified 2-dose recipients of BV (55/131, 42%) and QV (106/216,
49.1%) (Supplementary Table 1). The average number of HPV geno-
types per participant was significantly lower in verified 2-dose re-
cipients of BV (0.78) than in recipients of QV (1.11, p = 0.035) or than
in unvaccinated participants (1.15, p = 0.016). In total, 773 genotypes
were detected with 1.08 average number of genotypes per participants.

Prevalence of 12 carcinogenic (group 1) genotypes was 209
(29.2%). We did not observe a significant difference (p = 0.347) in the
prevalence of carcinogenic genotypes in verified 2-dose vaccinated
women (91/347, 26.2%) and unvaccinated women (72/232, 31%). The
prevalence of carcinogenic types also did not differ (p = 0.229) be-
tween BV (29/131, 22.1%) and QV recipients (62/216, 28.7%). The
average number of carcinogenic HPV genotypes per participant was
significantly lower in verified 2-dose recipients of BV (0.28) than in
unvaccinated participants (0.45, p = 0.030), but not compared to ver-
ified 2-dose recipients of QV (0.39, p = 0.070).

The three most frequently observed carcinogenic genotypes in
vaccinated women were 51 (6.3%), 59 (6.3%) and 58 (5.5%) compared
to 16 (6.9%), 51 (6.9%), 31 (6.5%) in unvaccinated women (Fig. 1,
Supplementary Tables 1 and 2). Crude type-specific prevalences of
genotypes 16, 31 and 33 (p < 0.05) were significantly lower in vac-
cinated compared to unvaccinated participants (Supplementary Tables
1 and 2).

3.4. Cytological results

Two samples could not be analysed due to unsatisfactory specimen
quality. Prevalence of cytological abnormalities was as follows; 23/714
(3.2%) ASC-US, 41/714 (5.7%) LSIL, 1/714 (0.1) ASC-H, 1/714 (0.1%)
HSIL, and 648/714 (90.8%) were negative for abnormal lesions. No
significant difference of abnormal lesions (ASCUS+) was observed
between vaccinated and wunvaccinated populations (p = 0.293)
(Supplementary Table 3).

3.5. Effectiveness of HPV vaccination and sexual debut
After controlling for sexual activity and age the protection induced
by two doses of the same vaccine against infection with genotypes 16/
16%
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18 and 6/11 was 0.13 (95% CI 0.03-0.63) and 0.16 (95% CI 0.05-0.48),
respectively (Table 3). We observed significant cross-protection against
genotypes 31/33/45 (AOR = 0.41; 95% CI 0.18-0.94) in verified 2-dose
recipients. The AOR associated with carcinogenic genotypes not in-
cluded in the nonavalent vaccine (35/39/51/56/59) was marginally
non-significant (AOR = 1.65; 95% CI 0.97-2.81). The corresponding
AORs were generally enhanced when only considering vaccination
before sexual debut: 0.05 (95% CI 0.00-0.88), 0.08 (95% CI 0.02-0.36),
0.20 (95% CI 0.06-0.65) against genotypes 16/18, 6/11 and 31/33/45,
respectively.

There was no evidence of vaccination impact on other carcinogenic
genotypes (35/39/51/52/56/58/59) not covered by vaccines and not
cross-protection types (AOR = 1.35; 95% CI 0.85-2.14) (Table 3).
Other type-specific AORs are presented in Supplementary Table 2.

3.6. BV and QV vaccine effectiveness

Protection against genotypes 16/18 was 0.19 (95% CI 0.02-1.62)
and 0.10 (95% CI 0.01-0.82) for BV and QV vaccine recipients, re-
spectively (Table 4). Significant protection against nonavalent vaccine
types was 0.29 (95% CI 0.13-0.67) for BV recipients compared to 0.81
(95% CI 0.47-1.40) for QV (heterogeneity Chi? p = 0.031). There was
no evidence of protection with ether vaccine against genotypes not
covered by vaccines and not cross-protection types (35/39/51/52/56/
58/59): BV (AOR = 1.04; 95% CI 0.58-1.87) and QV (AOR = 1.53;
95% CI 0.94-2.50) (Table 4). Type-specific AORs are presented in
Supplementary Table 4.

4. Discussion

To our knowledge, our study is the first to provide type-specific HPV
prevalence in Luxembourg and to estimate the effectiveness of BV and
QV vaccines combined and separately in the same population. Our
findings suggest that the vaccination programme already had a sub-
stantial impact on HPV genotype distribution in vaccinated young
women 8 years after its introduction.

First, the prevalence of HPV types included in the vaccine and some
other non-vaccine genotypes is lower in vaccinated young women in-
dependent of vaccine type. Our results suggest that VE against certain
HPV genotypes not included in the vaccines (i.e. cross-protection) is
higher in BV compared to QV recipients. In addition, the prevalence of
nonavalent vaccine genotypes was significantly lower in BV compared
to QV recipients (Supplementary Table 1). A Cochrane review also
showed similar protection of BV and QV against cervical pre-cancers
related to types 16/18, but BV offered better protection against cervical
precancers overall [26]. Interestingly, immunogenicity studies reported
significantly higher antibody levels against vaccine and non-vaccine
types among BV recipients compared to QV [27-29].

Second, concerns have been raised that carcinogenic genotypes not

Fig. 1. Carcinogenic human papillomavirus
(95%CI) by vaccination status.

Abbreviations: BV, bivalent vaccine; CI, confidence interval;
QV, quadrivalent vaccine;

212 HPV genotypes classified by International Agency for
Research on Cancer as carcinogenic to humans.

*Individual HPV types significantly associated with vaccina-
tion status in logistic regression model.

(Supplementary Table 3).

prevalence

58 59

Qv
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Table 3
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Association between human papillomavirus infection and verified 2-dose vaccination status, considering all vaccinations and vaccinations before sexual debut.

HPV types HPV Prevalence N (%) Adjusted” OR vaccinated vs Adjusted OR vaccinated before sexual debut vs
unvaccinated unvaccinated
Unvaccinated Vaccinated all Vaccinated before sexual debut AOR (95%CI) P-value AOR (95%CI) P-value
(N = 232) (N = 347) (N = 259)
16/18 19 (8.2) 2 (0.6) 0 (0.0) 0.13 (0.03-0.63) 0.012 0.05 (0.00-0.88) 0.038
6/11 13 (5.6) 5(1.4) 2 (0.8) 0.16 (0.05-0.48) 0.001 0.08 (0.02-0.36) 0.001
31/33/45" 25 (10.8) 11 (3.2) 4(1.5) 0.41 (0.18-0.94) 0.034 0.20 (0.06-0.65) 0.007
nonavalent® 54 (23.3) 40 (11.5) 25 (9.7) 0.60 (0.34-1.02) 0.060 0.52 (0.29-0.94) 0.031
35/39/51/52/56/58/ 49 (21.1) 86 (24.8) 63 (24.3) 1.35 (0.85-2.14) 0.204 1.33 (0.81-2.20) 0.263
59d
35/39/51/56/59¢ 32 (13.8) 65 (18.7) 48 (18.5) 1.65 (0.97-2.81) 0.065 1.68 (0.94-2.98) 0.078

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval;

2 OR adjusted for number of lifetime sexual partners, last partnership duration and age.

b Carcinogenic HPV genotypes, genetically related to HPV16/18.

¢ Carcinogenic HPV genotypes included in nonavalent vaccine.
d

¢ Carcinogenic HPV genotypes not included in nonavalent vaccine.

Table 4

Carcinogenic HPV genotypes not included in BV/QV and not cross-protection types 31/33/45.

Association between human papillomavirus infections and verified 2-dose bivalent and quadrivalent vaccine recipients.

HPV types HPV prevalence N (%) Adjusted OR BV vs unvaccinated Adjusted” OR QV vs unvaccinated Heterogeneity test’
Unvaccinated BV Qv AOR (95%CI) P-value AOR (95%CI) P-Value P-Value
N =232 N =131 N =216
16/18 19 (8.2) 1 (0.8) 1(0.5) 0.19 (0.02-1.62) 0.130 0.10 (0.01-0.82) 0.032 0.686
6/11 13 (5.6) 2(1.5) 3(1.49 0.16 (0.04-0.76) 0.022 0.15 (0.04-0.58) 0.006 0.949
31/33/45" 25 (10.8) 2 (0.5) 9 (4.2 0.19 (0.04-0.88) 0.034 0.54 (0.23-1.27) 0.159 0.246
nonavalent® 54 (23.3) 8(6.1) 32 (14.8)  0.29 (0.13-0.67) 0.004 0.81 (0.47-1.40) 0.443 0.041
35/39/51/52/56/58/59° 49 (21.1) 28 (21.4) 58(26.9)  1.04 (0.58-1.87) 0.892 1.53 (0.94-2.50) 0.088 0.321
35/39/51/56/59° 32 (13.4) 23 (17.6) 42 (19.4) 1.47 (0.76-2.84) 0.250 1.75 (1.00-3.07) 0.052 0.693

2 OR adjusted for number of lifetime sexual partners, last partnership duration and age.

b Carcinogenic HPV genotypes, genetically related to HPV16/18.

¢ Carcinogenic HPV genotypes included in nonavalent vaccine.

4 Carcinogenic HPV genotypes not included in BV/QV and not cross-protection types 31/33/45.

¢ Carcinogenic HPV genotypes not included in nonavalent vaccine.

f Inter vaccine heterogeneity was assessed using Pearson Chi? test.

included in the vaccines could potentially replace the niche occupied by
vaccine types [30]. In our study, we did not find a statistically sig-
nificant difference in the prevalence of carcinogenic genotypes in vac-
cinees and non-vaccinees. Similarly, several vaccine monitoring studies
and long-term follow-up of clinical trials have shown that HPV vaccines
do not induce type replacement [24,31-34]. Pooled analysis of the
Costa Rica and PATRICA trials evaluated 21,596 women (with 50%
vaccination coverage of BV) suggested that type replacement is unlikely
to occur in populations with low vaccination coverage. In addition, this
study suggested protection against oncogenic HPV types 35, 52, 58, and
68/73, as well as non-oncogenic types 6 and 70 [33]. This is incon-
sistent with a meta-analysis by Mesher et al. reporting a significant
increase of genotype 39 and 52 in the post-vaccination era [35] and a
community-randomised trial by Gray et al. showing significantly in-
creased prevalence ratio of genotypes 39 and 51 in BV recipients [32].
In both studies, results were inconsistent in different age groups and
increases could have different explanations, therefore both studies re-
ported no clear evidence of type-replacement. Another potential ex-
planation of this phenomenon could be the so-called “unmasking” ef-
fect. It occurs when consensus primer PCR assays detect non-vaccine
carcinogenic HPV genotypes (e.g. type 52) more frequently in absence
of HPV16 or 18 due to primer competition [30,36]. However, Anyplex
is a type-specific multiplex PCR not based on consensus primers and is
therefore less prone to unmasking. During the WHO HPV LabNet Pro-
ficiency Study in 2013 and 2014, the Anyplex assay showed high

performance in detecting single and multiple infections at concentra-
tions of 5, 50 and 500 IU per 5l [21,37].

Third, our study also highlights that ascertainment of whether
vaccination occurred before sexual debut is relevant and should be
considered in future prevalence studies. Genotypes 16 and 18 were not
detected in women receiving two doses before sexual debut equivalent
to 100% effectiveness. Similarly, cross-protection against genotypes
31/33/45 was slightly higher for women vaccinated before sexual
debut compared to all vaccinated women. Our estimates of VE of 87%
against HPV16/18 (Table 3 and Supplementary Table 5) are in agree-
ment with a similar Belgian surveillance study where good protection
was observed among women aged 18-19 years, with decreasing effec-
tiveness in older women [7]. Even though a minority (24%) of women
were vaccinated after sexual debut, our results suggest a higher VE in
women vaccinated before sexual debut, in agreement with studies in
the Netherlands and Italy [23,24].

Interestingly, the prevalence of HPV18 was not significantly dif-
ferent across the groups; while the low case numbers may explain the
lack of significance, it could also be that the prevalence of HPV18 in all
groups was higher prior to vaccination program and may have dropped
due to herd protection. We have not observed such an effect for HPV16
given its higher prevalence and persistence. According to modelling
studies, herd protection effect might be stronger for HPV6, 11, 18
compared to HPV16 [38]. Studies from other countries with good
vaccine coverage have demonstrated declines in vaccine-type HPV
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prevalence even in unvaccinated women and men due to herd protec-
tion [12,39-43]. A study from Norway reported a 54% reduction of
vaccine genotypes in unvaccinated women due to herd protection [43].
Low prevalence of HPV18 in our study could be also explained by the
lower sensitivity of the assay for this particular genotype. However,
during the LabNet 2013/2014 study, all 14 laboratories using the
Anyplex correctly identified HPV genotypes 6, 11, 16 and 18 at con-
centrations of 5, 50 and 500 IU per 5 pl [37], and thus assay sensitivity
does not appear to be problematic for genotype 18 in particular.

One of the limitations of our study was the rather small sample size.
The study size was determined by budgetary and logistic constraints.
Nevertheless, power calculations a posteriori, showed that our sur-
veillance was sufficiently large to address protection of HPV vaccina-
tion against HPV16/18 infection and against cross-reacting types
HPV31/33/45 (Supplementary Table 7). Another limitation, which
could have an impact on representativeness, was the context of re-
cruitment mainly taking place in family planning centres where young
women seek sexual health services. Thus, by definition, sexual activity
levels in our study group are likely to be higher than in the general
population. Apart from different sexual behaviour, women attending
family planning might also have another socio-economic status, com-
pared to the general population, but we did not collect this information.
While we attempted to implicate private gynaecologists with study
recruitment, obtaining informed consent with questionnaires is very
challenging in this setting.

One of the strengths of our study was that self-reported vaccination
status could be verified using records from the social security database.
This allowed us to stratify vaccinated women in different categories ac-
cording to the strength of vaccination evidence. We created an extra
vaccination category which included women vaccinated with only one
dose or with self-reported vaccination status to keep information for these
participants. Even though the group classified as "others" is also a limita-
tion and represents 19% of the study population, this categorisation pro-
vided us with a more reliable ascertainment of actual vaccination status.

4.1. Conclusions

Our findings suggest high VE against vaccine genotypes 16/18 and
cross protection against genotypes 31/33/45 for 2-dose vaccine re-
cipients irrespective of vaccine type. VE was higher for women vacci-
nated before sexual debut, showing the importance of vaccination be-
fore exposure to HPV infection.

Authors contribution

JM designed and conducted the study. AL and JM analysed the data
and wrote the paper. JT performed HPV genotyping. MF’s lab per-
formed cytological testing. PP lead recruitment at the Planning
Familial, MA and SW advised and reviewed the manuscript. All authors
listed approve the submission and confirm that neither this manuscript
nor any part of it has been published or is under consideration for
publication elsewhere.

Funding

This work was supported by Fonds National de la Recherche
Luxembourg [FNR grant number 14/BM/7932582]. MA was supported
by the COHEAHR Network [grant number 603019], funded by the 7th
Framework Programme of DG Research and Innovation, European
Commission (Brussels, Belgium).

Ethical approval
The study was approved by the Comité National d’Ethique de

Recherche (CNER # 201501/02) and authorized by the Commission
Nationale pour la Protection des Données (CNPD 288/2016).

Cancer Epidemiology 63 (2019) 101593

Declaration of Competing Interest
All authors report no potential conflicts of interest.
Acknowledgements

We thank the Inspection Générale de la Sécurité Sociale for pro-
viding vaccination data, doctors at the Planning Familial (Sandrine
Casarotto, Ulla Heckert-Hauck, Christine Kalonji, Jacqueline Klein-
Zimmermann, Brigitte Marchand, Anne-Laure Ricard-Michaux) as well
the private gynaecologists (Annick Aerts, Jean-Marc Billion, Pascale
George, Margareta Kirsch, Isabelle Meyer) for study recruitment and
sample collection. We thank Seegene for providing laboratory equip-
ment for the duration of the study.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.canep.2019.101593.

References

[1] M.H. Einstein, J.T. Schiller, R.P. Viscidi, H.D. Strickler, P. Coursaget, T. Tan,

N. Halsey, D. Jenkins, Clinician’s guide to human papillomavirus immunology:
knowns and unknowns, Lancet Infect. Dis. 9 (6) (2009) 347-356.

[2] V. Bouvard, R. Baan, K. Straif, Y. Grosse, B. Secretan, F.E. Ghissassi, L. Benbrahim-
Tallaa, N. Guha, C. Freeman, L. Galichet, V. Cogliano, A review of human carci-
nogens—part B: biological agents, Lancet Oncol. 10 (4) (2009) 321-322.

[3] C. de Martel, M. Plummer, J. Vignat, S. Franceschi, Worldwide burden of cancer
attributable to HPV by site, country and HPV type, Int. J. Cancer 141 (4) (2017)
664-670.

[4] S.M. Garland, M. Steben, H.L. Sings, M. James, S. Lu, R. Railkar, E. Barr,

R.M. Haupt, E.A. Joura, Natural history of genital warts: analysis of the placebo arm
of 2 randomized phase III trials of a quadrivalent human papillomavirus (types 6,
11, 16, and 18) vaccine, J. Infect. Dis. 199 (6) (2009) 805-814.

[5] J.M.L. Brotherton, P.N. Bloem, Population-based HPV vaccination programmes are
safe and effective: 2017 update and the impetus for achieving better global cov-
erage, Best Pract. Res. Clin. Obstet. Gynaecol. (2017).

[6] WHO/Immunization. Vaccines and Biologicals database. Available at http://www.
who.int/entity/immunization/monitoring_surveillance/VaccinelntroStatus.pptx.
Accessed 20 March 2019.

[7]1 M. Arbyn, D.V. Broeck, I. Benoy, J. Bogers, C. Depuydt, M. Praet, P.D. Sutter,

A. Hoorens, E. Hauben, W. Poppe, M. Van Ranst, P. Delvenne, S. Gofflot, M. Petein,
F. Engelen, A. Vanneste, L.O. Beeck, P.V. Damme, M. Temmerman, S. Weyers,
Surveillance of effects of HPV vaccination in Belgium, Cancer Epidemiol. 41 (2016)
152-158.

[8] K. Kavanagh, K.G. Pollock, K. Cuschieri, T. Palmer, R.L. Cameron, C. Watt,

R. Bhatia, C. Moore, H. Cubie, M. Cruickshank, C. Robertson, Changes in the pre-

valence of human papillomavirus following a national bivalent human papilloma-

virus vaccination programme in Scotland: a 7-year cross-sectional study, Lancet

Infect. Dis. (2017).

A. Hildesheim, S. Wacholder, G. Catteau, F. Struyf, G. Dubin, R. Herrero,

C.V.T. Group, Efficacy of the HPV-16/18 vaccine: final according to protocol results

from the blinded phase of the randomized Costa Rica HPV-16/18 vaccine trial,

Vaccine 32 (39) (2014) 5087-5097.

[10] M. Lehtinen, A. Soderlund-Strand, S. Vanska, T. Luostarinen, T. Eriksson,

K. Natunen, D. Apter, I. Baussano, K. Harjula, M. Hokkanen, M. Kuortti,

J. Palmroth, T. Petaja, E. Pukkala, S. Rekonen, M. Siitari-Mattila, H.M. Surcel,
L. Tuomivaara, J. Paavonen, J. Dillner, G. Dubin, G. Garnett, Impact of gender-
neutral or girls-only vaccination against human papillomavirus-Results of a com-
munity-randomized clinical trial (I), Int. J. Cancer 142 (5) (2018) 949-958.

[11] J. Dillner, M. Nygard, C. Munk, M. Hortlund, B.T. Hansen, C. Lagheden, K.L. Liaw,
S.K. Kjaer, Decline of HPV infections in Scandinavian cervical screening populations
after introduction of HPV vaccination programs, Vaccine 36 (26) (2018)
3820-3829.

[12] M. Drolet, E. Benard, N. Perez, M. Brisson, Population-level impact and herd effects
following the introduction of human papillomavirus vaccination programmes: up-
dated systematic review and meta-analysis, Lancet (2019).

[13] E. Navarro-Illana, M. Lopez-Lacort, P. Navarro-Illana, J.J. Vilata, J. Diez-Domingo,
Effectiveness of HPV vaccines against genital warts in women from Valencia, Spain,
Vaccine 35 (25) (2017) 3342-3346.

[14] M. Blomberg, C. Dehlendorff, C. Munk, S.K. Kjaer, Strongly decreased risk of genital
warts after vaccination against human papillomavirus: nationwide follow-up of
vaccinated and unvaccinated girls in Denmark, Clin. Infect. Dis. 57 (7) (2013)
929-934.

[15] R.L. Cameron, K. Kavanagh, D. Cameron Watt, C. Robertson, K. Cuschieri,

S. Ahmed, K.G. Pollock, The impact of bivalent HPV vaccine on cervical in-
traepithelial neoplasia by deprivation in Scotland: reducing the gap, J. Epidemiol.
Community Health 71 (10) (2017) 954-960.

[9


https://doi.org/10.1016/j.canep.2019.101593
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0025
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0025
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0025
http://www.who.int/entity/immunization/monitoring_surveillance/VaccineIntroStatus.pptx
http://www.who.int/entity/immunization/monitoring_surveillance/VaccineIntroStatus.pptx
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0060
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0060
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0060
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0075

A. Latsugbaia, et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

M. Checchi, D. Mesher, H. Mohammed, K. Soldan, Declines in anogenital warts
diagnoses since the change in 2012 to use the quadrivalent HPV vaccine in England:
data to end 2017, Sex. Transm. Infect. (2019).

A. Latsuzbaia, M. Arbyn, S. Weyers, J. Mossong, Human papillomavirus vaccination
coverage in Luxembourg - implications of lowering and restricting target age
groups, Vaccine 36 (18) (2018) 2411-2416.

M. Arbyn, A. Anttila, J. Jordan, G. Ronco, U. Schenck, N. Segnan, H. Wiener,

A. Herbert, L. von Karsa, European guidelines for quality assurance in cervical
cancer screening. Second edition—summary document, Ann. Oncol. 21 (3) (2010)
448-458.

A. Latsuzbaia, G. Hebette, M. Fischer, M. Arbyn, S. Weyers, P. Vielh, F. Schmitt,
J. Mossong, Introduction of liquid-based cytology and human papillomavirus
testing in cervical cancer screening in Luxembourg, Diagn. Cytopathol. 45 (5)
(2017) 384-390.

B. Brestovac, M.E. Wong, P.S. Costantino, D. Groth, A rapid DNA extraction method
suitable for human papillomavirus detection, J. Med. Virol. 86 (4) (2014) 653-657.
A. Latsuzbaia, J. Tapp, T. Nguyen, M. Fischer, M. Arbyn, S. Weyers, J. Mossong,
Analytical performance evaluation of Anyplex II HPV28 and Euroarray HPV for
genotyping of cervical samples, Diagn. Microbiol. Infect. Dis. 85 (3) (2016)
318-322.

L. Ding, L.E. Widdice, J.A. Kahn, Differences between vaccinated and unvaccinated
women explain increase in non-vaccine-type human papillomavirus in un-
vaccinated women after vaccine introduction, Vaccine 35 (52) (2017) 7217-7221.
P.J. Woestenberg, A.J. King, B.H.B. van Benthem, R. Donken, S. Leussink,

F.R.M. van der Klis, H.E. de Melker, M.A.B. van der Sande, C. Hoebe, J.A. Bogaards,
L. Medical Microbiological, S. the public health, Bivalent vaccine effectiveness
against type-specific HPV positivity: evidence for cross-protection against onco-
genic types among dutch STI clinic visitors, J. Infect. Dis. 217 (2) (2018) 213-222.
F. Carozzi, D. Puliti, C. Ocello, P.S. Anastasio, E.A. Moliterni, E. Perinetti,

L. Serradell, E. Burroni, M. Confortini, P. Mantellini, M. Zappa, G. Dominiak-Felden,
Monitoring vaccine and non-vaccine HPV type prevalence in the post-vaccination
era in women living in the Basilicata region, Italy, BMC Infect. Dis. 18 (1)

(2018) 38.

The Statistics portal of the Grand-Duchy of Luxembourg. Available at http://www.
statistiques.public.lu/stat/TableViewer/tableView.aspx?Reportld = 12859&IF_
Language = fra&MainTheme = 2&FldrName = 1. Accessed 14 December 2018.

M. Arbyn, L. Xu, C. Simoens, P.P. Martin-Hirsch, Prophylactic vaccination against
human papillomaviruses to prevent cervical cancer and its precursors, Cochrane
Database Syst. Rev. 5 (2018) CD009069.

H. Artemchuk, T. Eriksson, M. Poljak, H.-M. Surcel, J. Dillner, M. Lehtinen,

H. Faust, Long-term antibody response to human papillomavirus vaccines: up to 12
years of follow-up in the Finnish maternity cohort, J. Infect. Dis. (2018) jiy545-
jiy545.

E. Draper, S.L. Bissett, R. Howell-Jones, P. Waight, K. Soldan, M. Jit, N. Andrews,
E. Miller, S. Beddows, A randomized, observer-blinded immunogenicity trial of
Cervarix((R)) and Gardasil((R)) Human Papillomavirus vaccines in 12-15 year old
girls, PLoS One 8 (5) (2013) e61825.

M.H. Einstein, P. Takacs, A. Chatterjee, R.S. Sperling, N. Chakhtoura, M.M. Blatter,
J. Lalezari, M.P. David, L. Lin, F. Struyf, G. Dubin, H.P.V.S. Group, Comparison of
long-term immunogenicity and safety of human papillomavirus (HPV)-16/18 AS04-
adjuvanted vaccine and HPV-6/11/16/18 vaccine in healthy women aged 18-45
years: end-of-study analysis of a Phase III randomized trial, Hum. Vaccin.
Immunother. 10 (12) (2014) 3435-3445.

J.E. Tota, A.V. Ramanakumar, M. Jiang, J. Dillner, S.D. Walter, J.S. Kaufman,

F. Coutlee, L.L. Villa, E.L. Franco, Epidemiologic approaches to evaluating the po-
tential for human papillomavirus type replacement postvaccination, Am. J.
Epidemiol. 178 (4) (2013) 625-634.

M. Saccucci, E.L. Franco, L. Ding, D.I. Bernstein, D. Brown, J.A. Kahn, Non-vaccine-
type human papillomavirus prevalence after vaccine introduction: no evidence for
type replacement but evidence for cross-protection, Sex. Transm. Dis. 45 (4) (2018)
260-265.

P. Gray, J. Palmroth, T. Luostarinen, D. Apter, G. Dubin, G. Garnett, T. Eriksson,
K. Natunen, M. Merikukka, V. Pimenoff, A. Soderlund-Strand, S. Vanska,

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Cancer Epidemiology 63 (2019) 101593

J. Paavonen, E. Pukkala, J. Dillner, M. Lehtinen, Evaluation of HPV type-replace-
ment in unvaccinated and vaccinated adolescent females-post-hoc analysis of a
community-randomized clinical trial (II), Int. J. Cancer 142 (12) (2018)
2491-2500.

J.E. Tota, F. Struyf, M. Merikukka, P. Gonzalez, A.R. Kreimer, D. Bi, X. Castellsague,
N.S. de Carvalho, S.M. Garland, D.M. Harper, N. Karkada, K. Peters, W.A. Pope,
C. Porras, W. Quint, A.C. Rodriguez, M. Schiffman, J. Schussler, S.R. Skinner,

J.C. Teixeira, C.M. Wheeler, R. Herrero, A. Hildesheim, M. Lehtinen, T. Costa Rica
Vaccine, P.s.g. the, Evaluation of type replacement following HPV16,/18 vaccina-
tion: pooled analysis of two randomized trials, J. Natl. Cancer Inst. 109 (7) (2017).
D. Mesher, K. Panwar, S.L. Thomas, C. Edmundson, Y.H. Choi, S. Beddows,

K. Soldan, The impact of the national HPV vaccination program in England using
the bivalent HPV vaccine: surveillance of type-specific HPV in young females, 2010-
2016, J. Infect. Dis. 218 (6) (2018) 911-921.

D. Mesher, K. Soldan, M. Lehtinen, S. Beddows, M. Brisson, J.M. Brotherton,

E.P. Chow, T. Cummings, M. Drolet, C.K. Fairley, S.M. Garland, J.A. Kahn,

K. Kavanagh, L. Markowitz, K.G. Pollock, A. Soderlund-Strand, P. Sonnenberg,
S.N. Tabrizi, C. Tanton, E. Unger, S.L. Thomas, Population-level effects of human
papillomavirus vaccination programs on infections with nonvaccine genotypes,
Emerg. Infect. Dis. 22 (10) (2016) 1732-1740.

J.E. Tota, A.V. Ramanakumar, L.L. Villa, H. Richardson, A.N. Burchell, A. Koushik,
M.H. Mayrand, F. Coutlee, E.L. Franco, Evaluation of human papillomavirus type
replacement postvaccination must account for diagnostic artifacts: masking of
HPV52 by HPV16 in anogenital specimens, Cancer Epidemiol. Biomarkers Prev. 24
(1) (2015) 286-290.

C. Eklund, O. Forslund, K.L. Wallin, J. Dillner, Continuing global improvement in
human papillomavirus DNA genotyping services: the 2013 and 2014 HPV LabNet
international proficiency studies, J. Clin. Virol. 101 (2018) 74-85.

M. Brisson, E. Benard, M. Drolet, J.A. Bogaards, I. Baussano, S. Vanska, M. Jit,
M.C. Boily, M.A. Smith, J. Berkhof, K. Canfell, H.W. Chesson, E.A. Burger,

Y.H. Choi, B.F. De Blasio, S.J. De Vlas, G. Guzzetta, J.A.C. Hontelez, J. Horn,
M.R. Jepsen, J.J. Kim, F. Lazzarato, S.M. Matthijsse, R. Mikolajczyk, A. Pavelyev,
M. Pillsbury, L.A. Shafer, S.P. Tully, H.C. Turner, C. Usher, C. Walsh, Population-
level impact, herd immunity, and elimination after human papillomavirus vacci-
nation: a systematic review and meta-analysis of predictions from transmission-
dynamic models, Lancet Public Health 1 (1) (2016) e8-el7.

E.P.F. Chow, D.A. Machalek, S.N. Tabrizi, J.A. Danielewski, G. Fehler,

C.S. Bradshaw, S.M. Garland, M.Y. Chen, C.K. Fairley, Quadrivalent vaccine-tar-
geted human papillomavirus genotypes in heterosexual men after the Australian
female human papillomavirus vaccination programme: a retrospective observa-
tional study, Lancet Infect. Dis. 17 (1) (2017) 68-77.

M. Lehtinen, T. Luostarinen, S. Vanska, A. Soderlund-Strand, T. Eriksson,

K. Natunen, D. Apter, 1. Baussano, K. Harjula, M. Hokkanen, M. Kuortti,

J. Palmroth, T. Petaja, E. Pukkala, S. Rekonen, M. Siitari-Mattila, H.M. Surcel,

L. Tuomivaara, J. Paavonen, P. Nieminen, J. Dillner, G. Dubin, G. Garnett, Gender-
neutral vaccination provides improved control of human papillomavirus types 18/
31/33/35 through herd immunity: results of a community randomised trial (III),
Int. J. Cancer (2018).

S.N. Tabrizi, J.M. Brotherton, J.M. Kaldor, S.R. Skinner, B. Liu, D. Bateson,

K. McNamee, M. Garefalakis, S. Phillips, E. Cummins, M. Malloy, S.M. Garland,
Assessment of herd immunity and cross-protection after a human papillomavirus
vaccination programme in Australia: a repeat cross-sectional study, Lancet Infect.
Dis. 14 (10) (2014) 958-966.

D.A. Machalek, S.M. Garland, J.M.L. Brotherton, D. Bateson, K. McNamee,

M. Stewart, S. Rachel Skinner, B. Liu, A.M. Cornall, J.M. Kaldor, S.N. Tabrizi, Very
low prevalence of vaccine human papillomavirus types among 18- to 35-Year old
Australian women 9 years following implementation of vaccination, J. Infect. Dis.
217 (10) (2018) 1590-1600.

B. Feiring, 1. Laake, LK. Christiansen, M. Hansen, J. Stdlcrantz, O.H. Ambur,

P. Magnus, C.M. Jonassen, L. Trogstad, Substantial decline in prevalence of vaccine-
type and nonvaccine-type human papillomavirus (HPV) in vaccinated and un-
vaccinated girls 5 years after implementing HPV vaccine in Norway, J. Infect. Dis.
218 (12) (2018) 1900-1910.


http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0100
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0100
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0120
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?ReportId=12859%26IF_Language=fra%26MainTheme=2%26FldrName=1
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?ReportId=12859%26IF_Language=fra%26MainTheme=2%26FldrName=1
http://www.statistiques.public.lu/stat/TableViewer/tableView.aspx?ReportId=12859%26IF_Language=fra%26MainTheme=2%26FldrName=1
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0210
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0210
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0210
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0210
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0210
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0215
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0215
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0215
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0215
http://refhub.elsevier.com/S1877-7821(19)30104-3/sbref0215

	Effectiveness of bivalent and quadrivalent human papillomavirus vaccination in Luxembourg
	Introduction
	Methods
	Study design and epidemiological data collection
	Cytology
	HPV genotyping
	Statistical analysis

	Results
	Characteristics of study participants
	Vaccination status
	HPV prevalence
	Cytological results
	Effectiveness of HPV vaccination and sexual debut
	BV and QV vaccine effectiveness

	Discussion
	Conclusions

	Authors contribution
	Funding
	Ethical approval
	mk:H1_19
	Acknowledgements
	Supplementary data
	References




