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ABSTRACT

Background
In this cohort study, we examined antibody levels and avidity after a two-dose 
schedule (0, 6 months) of the bivalent HPV-vaccine in girls routinely vaccinated in 
the Dutch HPV-vaccination program, up to 2 years following vaccination. 

Methods 
A blood sample at 7, 12 and 24 months after the first dose and questionnaire data 
were collected (n=56). HPV type-specific antibody concentrations (lU/ml) against 
seven types (HPV16/18/31/33/45/52/58) were assessed using a validated virus-like 
particles (VLP) multiplex immunoassay. Avidity was tested using a modification 
of this assay. 

Results 
Seropositivity for vaccine types HPV 16 and 18 was 100% up to month 24, but 
declined for HPV-types 31/33/45/52/58, although not statistically significant for 
HPV45. All Geometric Mean Concentrations (GMCs) declined by months 12 and 
24, but remained high for HPV16/18. Between month 7 and 12, GMCS declined 
more for other types. High avidity antibodies were induced up to 24 months for 
vaccine types, but less for other types. 

Conclusion
For vaccine types HPV16/18 high antibody levels and avidity was observed after 
24 months of follow-up. Antibody levels as well as avidity were considerably lower 
for HPV-types 31/33/45/52/58. Further follow-up of this cohort will provide 
insight into antibody and avidity kinetics over time.
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BACKGROUND

Vaccination against human papillomavirus (HPV) has been available since 
2006 for the prevention of HPV-related cancers. At that time, prophylactic HPV 
vaccination was introduced into the national immunization program of several 
countries around the world.[1] Currently, three vaccines which protect against 
HPV-related cancers are available.[2, 3] Initially the vaccines were licensed in a 
three-dose schedule. Later on, the European Medicines Agency (EMA) licensed 
a two-dose schedule for recipients through fourteen years of age for all three 
vaccines.[4-6] Following this licensure of the two-dose schedule, several countries 
have changed their schedule.[7]

Original licensure of the HPV-vaccines for adolescents, and later on of the two-
dose schedule, was based on immune-bridging.[8, 9] Antibody concentrations in 
adolescents (9-13- or 9-14-years-old) who received a three- or two-dose schedule 
were compared with antibody concentrations in young women (15-25- or 16-26-year-
old) who received a three-dose schedule, for which vaccine efficacy has been shown.
[10-12] The International Agency for Research on Cancer (IARC) Working Group 
stated that immune-bridging is sufficient for extending licensure to other population 
groups and recommended that immunological non-inferiority is an appropriate end-
point in these kinds of evaluations.[13] Furthermore avidity of antibodies and the 
induction and maintenance of immunological memory may contribute to the ability 
to protect against HPV-associated cancers.[14, 15] Also post-licensure evaluation of 
long-term effectiveness and duration of protection would be especially important, 
given a lacking correlate of protection for HPV vaccination.[13] 

In the Netherlands, the bivalent HPV16/18-vaccine was introduced in the national 
immunization program in 2009. Girls in the Netherlands are vaccinated in the 
year they turn thirteen.[16] In 2014, the program switched from a three- to two-
dose schedule.[17] At that time, a cross-sectional study was carried out in which 
antibody responses after two-and three-dose schedules among young adolescents 
were compared up to 4½ years post-vaccination.[18] This study showed that 
geometric mean concentrations (GMCs) for HPV16/18 were not non-inferior for 
two- versus three-doses, except for HPV18, but for antibody avidity non-inferiority 
was shown, independent of antibody concentrations. In addition, a longitudinal 
study was initiated to examine the kinetics in antibody level and avidity after a 
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two-dose schedule (0, 6 months) of the HPV-vaccine in routinely vaccinated girls 
at 12 years of age. In this paper we describe the results of this study up to two years 
after the first dose.

METHODS

Study population and procedures
For this cohort study, the Dutch national vaccination registry Praeventis®[19] 
was used to select a sample of girls who were routinely vaccinated with a two-
dose schedule of the bivalent HPV-vaccine in 2014 (girls born in 2001). For 
sample size calculations we assumed that at 24 months of follow-up the observed 
geometric mean concentration (GMC) should still be above the plateau observed 
in clinical trials after a three-dose schedule. We estimated that at 24 months at 
least 14 participants were needed. Adjusting for an estimated participation rate 
of 10%, loss-to-follow-up of 10% per round and uncertainty about the complete 
vaccination status at the time of inclusion, we invited 198 girls. Only girls from 
a middle-sized municipality in the center of the Netherlands (Amersfoort) were 
invited for logistical reasons, however within this municipality invitations were 
send randomly. Girls received an invitation letter with an informed consent form 
by mail. In order to participate, both the girl and her parent(s) or guardian(s) were 
required to provide written consent. Participants were asked to fill out an online 
questionnaire, with questions regarding socio-demographics and sexual behavior, 
and to give a blood sample by venipuncture at 7, 12 and 24 months after the first 
dose of HPV-vaccine. Blood was drawn by use of a serum tube (VACUETTE®, 
Greiner Bio-one, North Carolina, USA). In case the venipuncture failed or the girl 
did not show up for venipuncture, they were be offered the possibility to draw a 
self-sample of finger prick blood at home (using the Whatman 903 Protein Saver 
Card, GE Healthcare, Cardiff, United Kingdom). In a previous study (data not 
published) we validated the interchangeable use of venipuncture or finger prick 
blood. After each sampling moment, participants received an incentive of €25 gift 
card following blood drawing and completion of the questionnaire. 

Serological measurements
HPV type-specific antibody concentrations against HPV types 16, 18, 31, 33, 
45, 52, 58 were assessed using a validated virus-like particles (VLP) multiplex 
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immunoassay, which is previously described by Scherpenisse et al.[20] Hereby, 
HPV specific IgG antibodies were analysed using a Bioplex system 200 with 
Bioplex software (Bio-Rad Laboratories, Hercules, CA). The median fluorescent 
intensity (MFI) for each analyte was converted to Luminex Units/ml (LU/ml) by 
using a twofold serial diluted reference standard (IVIG, lot LE12H227AF, Baxter) 
and interpolating the MFI data through a 5-parameter curve-fitting algorithm. 
Cutoffs for seropositivity had been determined at 9, 13, 27, 11, 19, 14 and 31 
LU/ml for HPV 16, 18, 31, 33, 45, 52 and 58, respectively.[20] The procedure for 
serological analysis of the protein saver cards, in case of self-sampling of finger 
prick blood, is also previously described.[18, 20] In summary, the dry blood spot 
(DBS) samples were stored at -20°C until analysis. Samples were diluted 200 and 
5000 fold in assay buffer and determined simultaneously within one assay run 
using the HPV multiplex assay. 

Avidity of IgG specific antibodies was tested using a modification of the VLP 
multiplex immunoassay.[18, 20] In summary, sera were diluted to an HPV antibody 
concentration of 0.05-0.75 LU/ml. After incubation with VLP conjugated beads 
for one hour at room temperature and three washes with PBS, 50 μl of a 2.5 M 
ammonium thiocyanate solution (NH4SCN; Sigma-Aldricht, St.Louis, Missouri, 
USA) in PBS was added and incubated at room temperature for 10 minutes. 
Following three washes, residual bound antibodies were measured. The avidity 
index (AI) was defined as the percentage of remaining IgG levels in presence of 
ammonium thiocyanate in comparison with the IgG levels after addition of PBS.

Statistical analysis
Socio-demographic characteristics of the study population were described at 
7, 12 and 24 months after the first dose. Seroprevalences and geometric mean 
concentrations (GMCs) with corresponding 95% confidence intervals (CI) for 
HPV types 16, 18, 31, 33, 45, 52, 58 were determined at months 7, 12 and 24. Also, 
HPV type-specific antibody avidity indexes (AI) were calculated. The vaccination 
status obtained from the vaccination registry was used for the main analyses. 
In addition, sensitivity analysis was performed on participants with consistent 
vaccination status in both the vaccination registry and the questionnaire (self-
reported). All data were analysed using SAS software package 9.3 (SAS Institute 
INC., Cary, NC, USA).

48964 Robine Rasker-Donken.indd   170 28-01-18   12:59



7

Persistence of two-dose immune response

171

Ethical approval
The study protocol was approved by the medical ethics committee of VU University 
Medical Center (NL48754.029.14, protocol number 2014.230), Amsterdam, the 
Netherlands and was conducted in adherence to the Declaration of Helsinki. The 
study is registered in the Dutch Trial Registry (NTR 4719).

RESULTS

Socio-demographic characteristics
A total of 56 girls (28.3%) participated in the study. Of them, 49 (87.5%) completed 
all three samples. The median time between both doses of HPV-vaccine was 5.8 
(range 5.7-11.7) months. Sociodemographic characteristics of the participants per 
sampling moment are presented in Table 1. At all time points none of the girls 
reported to ever have had sex. One girl used immunosuppressive medication at 
the time of the first blood sampling.

Seroprevalence
Seropositivity for the vaccine types 16 and 18 was 100% up to month 24. For HPV 
types 31, 33, 45, 52 and 58 seropositivity ranged between 89.1% and 96.4% in 
month 7, between 70.4% and 90.7% in month 12, and between 30.8% and 80.8% 
in month 24.(Figure 1) Statistically significant declines in seroprevalence were 
observed between month 7 and 12 for HPV52 and between month 12 and 24 for 
HPV types 31, 33 and 58. For HPV45, a small decline was seen in seroprevalence 
over time, however, this was not statistically significant.

Level of antibodies
Geometric Mean Concentrations (GMCs) were high for vaccine types 16 and 18 
(Figure 2) and at least 20 to 30 fold lower for the non-vaccine HPV types 31, 33, 
45, 52 and 58. For all types, the GMCs were lower in months 12 and 24 compared 
to month 7. This decline seems more pronounced for HPV types 31, 33, 45, 52 and 
58 (GMC ratio month 24 vs. months 7 ranged between 0.14 (95%CI 0.09-0.21) 
and 0.28 (95%CI 0.19-0.42) than for vaccine types (GMC ratio for HPV16 0.34 
(95%CI 0.24-0.49) and for HPV18 0.36 (95%CI 0.25-0.51)).
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Table 1. Socio-demographic characteristics of the participants per sampling moment.

Month 7 Month 12 Month 24
N % Median (range) n % Median (range) n % Median (range)

Participation (n=56)
   Complete 55 98.2 54 96.4 51 91.1
   Blood only 0 0.0 0 0.0 1 1.8
    Questionnaire 

only
0 0.0 1 1.8 3 5.4

Age 13 (12-13) 13 (13-14) 14 (14-15)
Time between doses 5.8 (5.7-11.7)
Time since first dose 6.5 (6.3-6.5) 11.4 (11.2-11.4) 23.2 (23.0-23.2)
Current educational level~
   High 29 52.7 29 52.7 29 53.7
   Middle 18 32.7 20 36.4 21 38.9
   Low 8 14.6 6 10.9 4 7.4
Country of birth
   Netherlands 55 100.0 55 100.0 54 100.0
    Europe 

(not NL)
0 0.0 0 0.0 0 0.0

   Other 0 0.0 0 0.0 0 0.0
Country of birth mother
   Netherlands 51 92.7 51 92.7 51 94.4
    Europe 

(not NL)
0 0.0 0 0.0 0 0.0

   Other 4 7.3 4 7.3 3 5.6
Country of birth father
   Netherlands 49 89.1 49 89.1 49 90.7
    Europe 

(not NL)
1 1.8 1 1.8 1 1.9

   Other 5 9.1 5 9.1 4 7.4
Oral anticonceptive use
   Current user 3 5.5 4 7.3 7 13.0
   Past user 1 1.8 1 1.8 2 3.7
   No 51 92.7 50 90.9 45 83.3
Ever had sex
   Yes 0 0.0 0 0.0 0 0.0
   No 55 100.0 55 100.0 54 100.0
Underlying illness*
   Yes 0 0.0 1 1.8 2 3.7
   No 51 92.7 52 94.6 49 90.7
   Unknown 4 7.3 5 3.6 3 5.6
Immunosuppressive medication
   Yes 1 1.8 0 0.0 0 0.0
   No 53 96.4 54 98.2 51 94.4
   Unknown 1 1.8 1 1.8 3 5.6
Had menarche
   Yes 39 70.9 46 83.6 51 94.4
   No 16 20.1 9 16.4 3 5.6
Age at first menarche 12 (10-13) 12 (10-14) 12 (10-14)

* In questionnaire asked for the following illnesses: immune disorder, kidney disease, lung disease, cardiac 
disorder, thyroid disorder, liver disease, gastrointestinal disorder, metabolism disorder, malignant disease or 
cancer, neurological disorder and other disease (free text).
~ Low = primary or lower general vocational secondary education; Middle = intermediate vocational secondary 
education; High=higher vocational/general secondary education, (pre)university education
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Figure 1. Seroprevalence of HPV types 16/18/31/33/45/52/58 following a two-dose schedule (0, 6 months) 
at months 7, 12 and 24 after the first dose.
*Statistically significant different compared with the previous sampling.
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Figure 2. Geometric Mean Concentrations (GMC; lu/ml) of HPV types 16/18/31/33/45/52/58 following a 
two-dose schedule (0, 6 months) at months 7, 12 and 24 after the first dose. 
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Figure 3. Antibody avidity of HPV types 16/18/31/33/45/52/58 following a two-dose schedule (0, 6 months) 
at months 7, 12 and 24 after the first dose.
The lines indicate the mean antibody avidity index with 95% confidence interval.
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Antibody avidity
Antibodies with highest avidity were induced up to 24 months for both vaccine 
types 16 and 18.(Figure 3) For both types the AI increased significantly over time, 
i.e. 75.0%, 78.4% and 81.6% for HPV16 and 75.0%, 76.8% and 81.4% for HPV18 at 
months 7, 12 and 24, respectively. Avidity of antibodies against HPV-types 31, 33, 
45, 52 and 58 was considerably lower, i.e. 16-29% at month 7, 20-32% at month 12 
and 19-32% at month 24, however avidity for these non-vaccine types was stable 
over time.

Sensitivity analyses
We observed disagreement between the vaccination status obtained from the 
vaccination registry and the self-reported vaccination status (number of doses) in 
the questionnaire in three participants (5.4%). Although not significantly different, 
the point estimates for the GMCs were slightly higher when only participants with 
a concordant vaccination status were included. However, the same pattern over 
time was comparable. Comparable results were found regarding the avidity.

DISCUSSION

This population-based cohort study was designed to assess the kinetics in antibody 
levels and antibody avidity against HPV-types 16, 18, 31, 33, 45, 52 and 58 in 
routinely vaccinated girls at 12 years of age with a two-dose schedule (0, 6 months) 
of the bivalent HPV16/18 vaccine. Girls included in this study were one of the first 
cohorts globally to be eligible for two-dose vaccination.[21] Here, results up to 24 
months after vaccination showed that antibody levels and avidity remained high 
for vaccine types 16 and 18. For HPV-types 31, 33, 45, 52 and 58, antibody levels 
as well as avidity were lower. Antibody levels for all types were highest at 7 months 
after the first dose, and declined thereafter (months 12 and 24). Antibody avidity 
over time increased for the vaccine-types and remained stable for the non-vaccine 
types.

Our findings with regard to lower antibody concentrations up to 24 months 
compared to those at 7 months are in line with previous trials on the immunogenicity 
of the two-dose schedule (0, 6 months) of the bivalent vaccine in 9-14-year-old 
girls. Both these trials have at present a longer follow-up than our observational 
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study, up to 36 and 60 months respectively. These studies showed that antibody 
responses peaked at month 7 and thereafter gradually declined between months 
18 and 24 to reach a plateau, sustaining for at least up to 60 months. [22-24] A 
review by Donken et al. concluded that GMCs for different age groups and different 
dosing schedules showed a fast decline after the first year and further declined 
although at a very small rate for at least up to four years after the first dose.[25]

The pattern and GMCs after two-doses in 9-14-year olds were comparable with 
those observed in women 15-25 years of age who received a three-dose schedule.
[23] Lazcano-Ponce et al. found non-inferior levels of vaccine types HPV16/18 
for girls 9-10 years of age compared to a three-dose group being 18-24 years 
up to 21 months post-vaccination. However, comparing two- versus three-dose 
schedules in girls 9-10 years of age showed non-inferior antibody concentrations, 
although concentrations were higher after three-doses.[26] In trials of the bivalent, 
quadrivalent vaccine and nonavalent vaccine, the same kinetics in antibody levels 
were found, and non-inferiority of a two-dose schedule in girls compared to the 
three-dose schedule in young women was demonstrated up to a maximum of 6 
years after the last dose.[27-30] In addition, a review of D’Addario et al., which 
included the bivalent and quadrivalent vaccine, concluded that studies have 
had mixed results, but none has found consistently poorer responses following 
a two-dose schedule than following a three-dose schedule.[31] The comparable 
patterns of two- versus three-doses as shown in previous studies[23-25, 28] and 
the high GMCs for vaccine types HPV16 and 18 found in our study are reassuring 
with regard to long-term sustainability of antibodies generated after a two-dose 
schedule. 

To our knowledge, this is the first longitudinal evaluation of immunogenicity 
against non-vaccine types HPV31/33/45/52/58 after vaccination with a two-
dose schedule. As expected, antibody concentrations for non-vaccine types 
HPV31/33/45/52/58 in our study were much lower than those found for the 
vaccine types. A comparable pattern of lower antibody responses for non-vaccine 
compared to vaccine types was also observed in a Dutch cohort study among 
three-dose routinely vaccinated girls.[32] Although the three-dose girls were 
slightly older when vaccinated (catch-up campaign), in our study we observed 
comparable or higher antibody concentrations after two-doses than what was 
observed in that study of three-dose recipients. Given the lack of a correlate of 
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protection, it is unknown how antibody concentrations translate into effectiveness.
[33] However, in the three-dose cohort at three years post-vaccination, significant 
cross-protection was shown against incident and persistent HPV infections with 
HPV31/45.[34] Also, post-hoc analyses of clinical trials demonstrated that among 
women who received the second dose of their two-dose schedule at 6 months, 
comparable cross-protection with regard to incident infections with a three-dose 
schedule was observed against HPV-31/33/45 up to seven years post-vaccination.
[35-37] Comparable antibody concentrations for non-vaccine types between three- 
and two-doses in combination with the shown efficacy against HPV infections by 
cross-protective types is reassuring, as these concentrations seem protective. 

Scherpenisse et al. suggested that in addition to antibody concentrations, 
antibody avidity be used as possible immune correlate to distinguish vaccine 
derived from naturally derived immunity. This study has shown that the avidity 
of vaccine-derived  HPV-specific antibodies was 3 times higher than that of 
antibodies induced by HPV infection. [20] Avidity indicates the strength of the 
binding between antibodies and antigen. A low concentration of antibodies with 
high avidity may be sufficient to provide protection. In this study, we found that 
high-avidity antibodies of HPV16 and HPV18 were induced after a two-dose 
schedule. These also increased slightly over time. Although for non-vaccine 
types HPV31/33/45/52/58 antibody avidity was lower, over time these were 
avidity indexes remained stable. For HPV31/33/45 infections in previous studies, 
consistent cross-protective efficacy has been shown after three-doses of HPV 
vaccine [38]. In comparison to HPV52 and HPV58, for these cross-protective 
types we observed slightly higher antibody avidity; however the exact implication 
of this finding is unknown. 

The lack of correlate of protection [4, 5] emphasizes the need for monitoring 
the (long-term) effectiveness of a two-dose schedule against virological and 
disease endpoints. A review of Basu et al. concluded that studies embedded in 
the population-based screening programs of different countries indicated reduced 
efficacy of two doses against virological and disease endpoints.[7] However, in these 
studies the interval between the first and second dose in the two-dose schedules 
was not taken into account. In contrast, similar effectiveness against genital 
warts after two doses compared to three doses of the quadrivalent vaccine has 
been shown with at least four months between the two-doses.[39-41] It should be 
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taken into consideration that these observational studies so far, have been carried 
out among women who were eligible for a three-dose vaccination schedule, but 
received two-doses. Monitoring of routinely two-dose HPV vaccinated cohorts 
with regard to effectiveness is currently ongoing or in design in several countries. 
Results from these studies will give insight into the impact of two-dose schedules.  

We observed disagreement between the vaccination status obtained from the 
vaccination registry and the self-reported vaccination status (number of doses) 
in the questionnaire by three participants. Previous studies have shown that 
registry-based vaccination status is the most reliable.[42, 43] Therefore, we based 
the vaccination status of the participant on the vaccination registry in the main 
analysis. However, to explore the influence of possible errors in vaccination status 
sensitivity analyses were performed, in which only participants with consistent 
vaccination status in both the vaccination registry and the questionnaire (self-
reported) were included. This sensitivity analysis showed slightly higher GMCs, 
but with the same pattern over time. Comparable results were found regarding 
the avidity.

In this cohort of girls who were members of the first cohort routinely vaccinated 
with a two-dose schedule of the bivalent HPV vaccine in the Netherlands, results 
of 24 months of follow-up are available at this time. Up to this sampling moment, 
none of the participants have dropped out and 49 out of the 56 girls (88%) 
participated completely in all three samples. This strengthens the further follow-
up of this first cohort eligible for two-dose HPV vaccination in the Netherlands, 
which is planned up to at least 60 months.

CONCLUSION AND RECOMMENDATIONS

High antibody levels, with high avidity, against vaccine-types HPV16/18 were 
observed up to 24 months of follow-up in girls routinely vaccinated with a 
two-dose schedule. The high antibody avidity increased over the two years. In 
combination with other immunogenicity and effectiveness studies, our results are 
reassuring with regard to long-term immunogenicity of the two-dose schedule 
against vaccine types.  Antibody levels as well as avidity were considerable lower 
for HPV-types 31, 33, 45, 52 and 58, although the avidity remained stable over time. 
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However, implications of these findings in absence of a correlate of protection are 
unknown, in post-hoc analyses effectiveness against infections by HPV31/33/45 
are comparable to a three-dose schedule. Further follow-up of this cohort will 
provide insight into antibody and avidity kinetics over a longer time-period to 
ensure long-term protection.

48964 Robine Rasker-Donken.indd   179 28-01-18   12:59



Chapter 7

180

REFERENCES

1. World Health Organization (WHO). Human 
papillomavirus vaccines: WHO position paper, 
May 2017. Available at: http://apps.who.int/iris/
bitstream/10665/255353/1/WER9219.pdf?ua 
=1.

2. Lehtinen M, Dillner J. Clinical trials of human 
papillomavirus vaccines and beyond. Nat Rev 
Clin Oncol 2013; 10:400-10.

3. Joura EA, Giuliano AR, Iversen OE, et al. A 
9-valent HPV vaccine against infection and 
intraepithelial neoplasia in women. N Engl J 
Med 2015; 372:711-23.

4. European Medicines Agency (EMA). 
Assessment report Cervarix. Available at: 
http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Assessment_
Report_-_Variation/human/000721/WC500 
160885.pdf.

5. European Medicines Agency (EMA). 
Assessment report Gardasil. Available at: 
http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Assessment_
Report_-_Variation/human/000703/WC500 
170695.pdf.

6. Murray S. CHMP recommends Sanofi’s two-
dose schedule HPV vaccine. Available at: 
http://www.pharmafile.com/news/503190/
chmp-recommends-sanofi-s-two-dose-
schedule-hpv-vaccine. Accessed 2016-03-09.

7. Basu P, Bhatla N, Ngoma T, Sankaranarayanan 
R. Less than 3 doses of the HPV vaccine - 
Review of efficacy against virological and 
disease end points. Human vaccines & 
immunotherapeutics 2016; 12:1394-402.

8. Pedersen C, Petaja T, Strauss G, et al. 
Immunization of early adolescent females 
with human papillomavirus type 16 and 18 
L1 virus-like particle vaccine containing AS04 
adjuvant. J Adolesc Health 2007; 40:564-71.

9. Reisinger KS, Block SL, Lazcano-Ponce E, et 
al. Safety and persistent immunogenicity of 
a quadrivalent human papillomavirus types 
6, 11, 16, 18 L1 virus-like particle vaccine in 
preadolescents and adolescents: a randomized 
controlled trial. The Pediatric infectious 
disease journal 2007; 26:201-9.

10. European Medicines Agency. Extension of 
indication variation assessment report Cer-
varix. 2016.

11. European Medicines Agency. Gardasil: EPAR 
- Product Information. 2016.

12. European Medicines Agency. Gardasil9: EPAR 
- Product Information. 

13. HPV working Group. Primary End-Points for 
Prophylactic HPV Vaccine Trials. IARC, 2014.

14. Stanley MA, Sudenga SL, Giuliano AR. 
Alternative dosage schedules with HPV virus-
like particle vaccines. Expert Rev Vaccines 
2014; 13:1027-38.

15. Goldblatt D, Vaz AR, Miller E. Antibody avidity 
as a surrogate marker of successful priming 
by Haemophilus influenzae type b conjugate 
vaccines following infant immunization. The 
Journal of infectious diseases 1998; 177:1112-
5.

16. de Melker HE, Conyn-van Spaendonck 
MAE, Boot HJ, Coutinho RA.Introductie van 
vaccinatie tegen baarmoederhalskanker. Ned 
Tijds Gen 2009; 153.

17. National Institute for Public Health and the 
Environment (RIVM). [Wijziging HPV- 
vaccinatieschema: 1 prik minder]. Infectie- 
ziekten bulletin 2014; 25:53.

18. Donken R, Schurink-Van’t Klooster TM, 
Schepp RM, et al. Immune Responses 
After 2 Versus 3 Doses of HPV Vaccination 
up to 4(1/2) Years After Vaccination: An 
Observational Study Among Dutch Routinely 
Vaccinated Girls. The Journal of infectious 
diseases 2017; 215:359-67.

19. van Lier A, Oomen P, de Hoogh P, et al. 
Praeventis, the immunisation register of the 
Netherlands: a tool to evaluate the National 
Immunisation Programme. Euro surveillance 
: 2012; 17.

20. Scherpenisse M, Schepp RM, Mollers M, 
Meijer CJ, Berbers GA, van der Klis FR. 
Characteristics of HPV-specific antibody 
responses induced by infection and 
vaccination: cross-reactivity, neutralizing 
activity, avidity and IgG subclasses. PLoS One 
2013; 8:e74797.

21. Donken R, Knol MJ, Bogaards JA, van der Klis 
FR, Meijer CJ, de Melker HE. Inconclusive 
evidence for non-inferior immunogenicity 
of two- compared with three-dose HPV 
immunization schedules in preadolescent 
girls: A systematic review and meta-analysis. 
J Infect 2015; 71:61-73.

22. Puthanakit T, Huang LM, Chiu CH, et al. 
Randomized Open Trial Comparing 2-Dose 
Regimens of the Human Papillomavirus 16/18 
AS04-Adjuvanted Vaccine in Girls Aged 9-14 
Years Versus a 3-Dose Regimen in Women 
Aged 15-25 Years. The Journal of infectious 
diseases 2016.

48964 Robine Rasker-Donken.indd   180 28-01-18   12:59



7

Persistence of two-dose immune response

181

23. Romanowski B, Schwarz TF, Ferguson L, et al. 
Sustained immunogenicity of the HPV-16/18 
AS04-adjuvanted vaccine administered as a 
two-dose schedule in adolescent girls: Five-
year clinical data and modeling predictions 
from a randomized study. Hum Vaccin 
Immunother 2016; 12:20-9.

24. Huang LM, Puthanakit T, Cheng-Hsun C, et al. 
Sustained Immunogenicity of 2-dose Human 
Papillomavirus 16/18 AS04-adjuvanted 
Vaccine Schedules in Girls Aged 9-14 Years: 
A Randomized Trial. The Journal of infectious 
diseases 2017; 215:1711-9.

25. Donken R, Knol MJ, Bogaards JA, van der Klis 
FR, Meijer CJ, de Melker HE. Inconclusive 
evidence for non-inferior immunogenicity 
of two- compared with three-dose HPV 
immunization schedules in preadolescent 
girls: A systematic review and meta-analysis. 
The Journal of infection 2015.

26. Lazcano-Ponce E, Stanley M, Munoz N, et 
al. Overcoming barriers to HPV vaccination: 
non-inferiority of antibody response to human 
papillomavirus 16/18 vaccine in adolescents 
vaccinated with a two-dose vs. a three-dose 
schedule at 21 months. Vaccine 2014; 32:725-
32.

27. Hernandez-Avila M, Torres-Ibarra L, Stanley 
M, et al. Evaluation of the immunogenicity of 
the quadrivalent HPV vaccine using 2 versus 
3 doses at month 21: An epidemiological 
surveillance mechanism for alternate 
vaccination schemes. Human vaccines & 
immunotherapeutics 2016; 12:30-8.

28. Sankaranarayanan R, Prabhu PR, Pawlita M, 
et al. Immunogenicity and HPV infection 
after one, two, and three doses of quadrivalent 
HPV vaccine in girls in India: a multicentre 
prospective cohort study. The Lancet 
Oncology 2015.

29. Toh ZQ, Russell FM, Reyburn R, et al. 
Sustained Antibody Responses 6 Years 
Following 1, 2, or 3 Doses of Quadrivalent 
Human Papillomavirus (HPV) Vaccine in 
Adolescent Fijian Girls, and Subsequent 
Responses to a Single Dose of Bivalent HPV 
Vaccine: A Prospective Cohort Study. Clinical 
infectious diseases 2017; 64:852-9.

30. Dobson SR, McNeil S, Dionne M, et al. 
Immunogenicity of 2 doses of HPV vaccine 
in younger adolescents vs 3 doses in young 
women: a randomized clinical trial. JAMA 
2013; 309:1793-802.

31. D’Addario M, Redmond S, Scott P, et al. Two-
dose schedules for human papillomavirus 
vaccine: Systematic review and meta-analysis. 
Vaccine 2017; 35:2892-901.

32. Scherpenisse M, Mollers M, Schepp RM, et al. 
Detection of systemic and mucosal HPV-specific 
IgG and IgA antibodies in adolescent girls one 
and two years after HPV vaccination. Human 
vaccines & immunotherapeutics 2013; 9:314-21.

33. Turner TB, Huh WK. HPV vaccines: 
Translating immunogenicity into efficacy. 
Hum Vaccin Immunother 2016; 12:1403-5.

34. Mollers M, King AJ, Knol MJ, et al. Effectiveness 
of human papillomavirus vaccine against 
incident and persistent infections among 
young girls: Results from a longitudinal Dutch 
cohort study. Vaccine 2015; 33:2678-83.

35. Kreimer AR, Struyf F, Del Rosario-Raymundo 
MR, et al. Efficacy of fewer than three doses 
of an HPV-16/18 AS04-adjuvanted vaccine: 
combined analysis of data from the Costa Rica 
Vaccine and PATRICIA Trials. Lancet Oncol 
2015; 16:775-86.

36. Kavanagh K, Pollock KG, Cuschieri K, et 
al. Changes in the prevalence of human 
papillomavirus following a national bivalent 
human papillomavirus vaccination programme 
in Scotland: a 7-year cross-sectional study. 
Lancet Infect Dis 2017.

37. Kavanagh K, Pollock KG, Potts A, et al. 
Introduction and sustained high coverage of 
the HPV bivalent vaccine leads to a reduction 
in prevalence of HPV 16/18 and closely related 
HPV types. Br J Cancer 2014; 110:2804-11.

38. European Medicines Agency. EPAR Product 
Information Cervarix.

39. Perkins RB, Lin M, Wallington SF, Hanchate A. 
Impact of Number of Human Papillomavirus 
Vaccine Doses on Genital Warts Diagnoses 
Among a National Cohort of U.S. Adolescents. 
Sexually transmitted diseases 2017; 44:365-70.

40. Lamb F, Herweijer E, Ploner A, et al. Timing 
of two versus three doses of quadrivalent HPV 
vaccine and associated effectiveness against 
condyloma in Sweden: a nationwide cohort 
study. BMJ open 2017; 7:e015021.

41. Blomberg M, Dehlendorff C, Sand C, Kjaer 
SK. Dose-Related Differences in Effectiveness 
of Human Papillomavirus Vaccination Against 
Genital Warts: A Nationwide Study of 550,000 
Young Girls. Clin Infect Dis 2015; 61:676-82.

42. Attanasio L, McAlpine D. Accuracy of parental 
reports of children’s HPV vaccine status: 
implications for estimates of disparities, 2009-
2010. Public Health Rep 2014; 129:237-44.

43. Stupiansky NW, Zimet GD, Cummings T, 
Fortenberry JD, Shew M. Accuracy of self-
reported human papillomavirus vaccine 
receipt among adolescent girls and their 
mothers. The Journal of adolescent health 
: official publication of the Society for 
Adolescent Medicine 2012; 50:103-5.

48964 Robine Rasker-Donken.indd   181 28-01-18   12:59




