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Abstract

Health care disruptions associated with the COVID-19 pandemic have caused persistent decreases in human papillomavirus (HPV)
vaccination uptake in Germany. The objective of this study was to estimate the cumulative deficit in first doses of the HPV vaccine
administered to girls in Germany since the beginning of the pandemic and the projected time to recover from this deficit at different
catch-up vaccination uptake levels, focusing on girls 9-14 years of age. This study used a published HPV vaccination modeling
tool. Retrospective vaccination data from 2019 were used to calculate the baseline vaccination rate, while data from 1 January 2020
to 31 December 2023 were used to estimate the size and duration of the HPV vaccination deficit accrued since the beginning of the
COVID-19 pandemic. We modeled scenarios in which the rate of monthly vaccinations increased from the 2023 average to 5%, 10%,
or 15% above the baseline 2019 level. The average monthly number of first doses of HPV vaccine administered to girls 9—14 years of
age was 7.4% below the 2019 baseline level in 2020, 21.2% below baseline in 2021, 21.0% below baseline in 2022, and 19.5% below
baseline in 2023. At a catch-up vaccination uptake of 5-15% above the 2019 baseline, there would be an estimated accumulated
deficit of 267,052-285,798 first doses by 31 December 2024 that would clear between October 2029—April 2040. A catch-up vac-
cination uptake of 12.3% (11.9—-12.7%) every month above baseline would be needed to clear the accumulated deficit by the end of
2030. Conclusions: Significant HPV vaccination deficits have accrued in Germany since the beginning of the COVID-19 pandemic.
Sustained efforts to vaccinate the affected cohorts are now needed to mitigate the long-term impacts of the vaccination deficit.

What is known:
o Health care disruptions associated with the COVID-19 pandemic have caused persistent decreases in human papillomavirus (HPV) vaccina-
tion uptake in Germany.

What is new:

e Our model projected that the HPV vaccination deficit would be cleared between October 2029 (15% above the 2019 baseline level) and April
2040 (5% above the 2019 baseline level).

o A catch-up rate of 12.3% (11.9-12.7%) above the 2019 baseline level would be needed to clear the HPV vaccination deficit by 31 December
2030.

o Sustained efforts to vaccinate the affected cohorts are now needed to mitigate the long-term impacts of the accrued vaccination deficit on
mortality, morbidity, and health care costs from HPV-associated diseases.
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Introduction

Human papillomavirus (HPV) can cause anogenital warts
and certain cancers, including almost 100% of cervical
cancers and substantial proportions of anal, oropharyngeal,
penile, vaginal, and vulvar cancers [1, 2]. Effective and safe
vaccines are available that protect against acute HPV infec-
tions and their long-term sequelae, including cancers [3-6].
In Germany, a bivalent vaccine that protects against onco-
genic HPV genotypes 16 and 18 is currently approved and
available for use, as is a nonavalent vaccine that protects
against oncogenic or wart-associated genotypes 6, 11, 16,
18, 31, 33, 45, 52, and 58.

Routine HPV vaccination of girls in Germany has been
recommended by the Standing Committee on Vaccination
(STIKO) and fully reimbursed since 2007. Initially, vacci-
nation with a 3-dose schedule was recommended and reim-
bursed for girls 12—17 years of age [7], but in 2014, STIKO’s
recommendations were updated to a 2-dose schedule for
girls 9-14 years of age and a 3-dose catch-up vaccination
schedule for girls 15—-17 years of age [8]. In mid-2018, these
primary and catch-up vaccination schedule recommenda-
tions were expanded to include boys with reimbursement
for boys beginning in 2019 [9]. The number of first doses
of HPV vaccine administered to German boys reached the
same level as for girls within 3—4 months of the 2018 rec-
ommendation expansion [10]. By the end of 2019, the first
HPV vaccine doses were administered to 6.5% of eligible
boys who were 9 years of age and 20.9% of boys who were
14 years of age [10].

The introduction of HPV vaccination in Germany has
been associated with a decreased incidence of HPV infec-
tions, anogenital warts, cervical lesions, and other anogeni-
tal diseases [11-14]. Modeling studies have consistently
found that HPV vaccination is also a cost-effective strategy
in Germany [15-18]. Despite these benefits, data from the
Robert-Koch-Institute show that in 2020, just 51% of girls
and 17% of boys 15 years of age had completed a full course
of HPV vaccination [19]. Further, a national study found that
the number of first doses of HPV vaccine administered in
Germany decreased sharply at the onset of the COVID-19
pandemic in March 2020, falling to 42% below the March
2019 level for boys and 49% below the March 2019 level for
girls [10]. Vaccination uptake gradually increased during
the second half of 2020 but then fell again after the second
lockdown and reached the minimum in August 2021, when
the vaccination rate for boys was 72% lower than baseline
[10]. These findings mirror global trends in the uptake of
HPYV and other routine vaccinations for all age groups during
the COVID-19 pandemic; the resulting vaccination deficits
have persisted, and there is evidence that greater deficits
exist for HPV than for other routine vaccinations [6, 20—40].
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Globally, around 1.6 million girls are thought to have
missed an HPV vaccination in 2020 alone [40]. These defi-
cits in the uptake of HPV vaccination that accrued during the
COVID-19 pandemic are predicted to have severe long-term
impacts on morbidity, mortality, and health care costs [37,
39, 41, 42]. To study this vaccination deficit, we developed
a modeling tool that uses real-world country-specific HPV
vaccination data to estimate the number of HPV vaccine
doses missed during the COVID-19 pandemic, and the level
of catch-up vaccination uptake needed to clear these deficits
[36, 38]. The objective of the current study was to model the
HPYV vaccination deficit in Germany during the COVID-
19 pandemic, as well as the projected time to recover from
this deficit at different catch-up vaccination uptake levels.
Because fully funded HPV vaccination of German boys
began at the start of 2019 and vaccination uptake was not
stable during the model’s baseline period [10], we limited
our analysis to the female population.

Methods
Study design

In this modeling study, the cumulative deficit of first doses
of HPV vaccine administered to girls 9-14 and 15-17 years
of age in Germany was estimated during different phases of
the COVID-19 pandemic. We obtained empirical vaccina-
tion data for girls 9—17 years of age, but focused our deficit
clearance modeling analyses on girls 9—14 years of age, as
this age group will have more opportunities to catch up on
missed doses before full reimbursement ends, one day prior
to their 18th birthday. We analyzed data on first doses of
HPYV vaccine as a proxy for number of unique individuals
affected. The study incorporated a retrospective analysis of
anonymized electronic health record (EHR) data to estimate
the impact of the COVID-19 pandemic on HPV vaccination
among this group. The study database contains no identify-
ing information and is compliant with all German data pro-
tection regulations. As such, no specific consent framework
or independent ethics board review was required.

Input data

Anonymized EHR data were obtained from two databases:
the IQVIA™ Vaccine Analyzer and IQVIA™ PharmaScope
Vaccine DocSplit. The IQVIA™ Vaccine Analyzer data-
base contains information about patient demographic char-
acteristics, diagnoses, and prescriptions (including exact
date of administered vaccinations) drawn from a panel of
460 office-based physicians from 353 practices. The panel
includes 0.5% of all German general practitioners, 0.6% of
gynecologists, and 2.1% of pediatricians. Data are collected



European Journal of Pediatrics (2024) 184:71

Page3of10 71

directly from patient management software in the participat-
ing practices and extrapolated to a national level utilizing the
IQVIA™ PharmaScope Vaccine DocSplit which provides
information on the number of nationally prescribed doses
within the statutory and private health insurance sector in
Germany. IQVIA™ Vaccine Analyzer has been shown to
have patient demographics and vaccine administration data
that are representative for the national population, and to be
suitable for use in studies of vaccination in Germany [43].
Detailed information on the methods of the two databases
were published previously [10, 43].

Vaccination data from the previously mentioned data-
bases were extracted for girls who were resident in Germany
and 9-14 or 15-17 years of age at the time of vaccination.
The year of birth, but not the exact date of birth, was known
for each individual, and so age in years at the time of vac-
cination was inferred as the difference between the birth
year and the date of vaccination. Data were extracted for
all girls who were part of an included age group for the
entirety of the respective year or who entered an included
age group during the respective year. For example, the 2019
data for the 15-17 years of age group were derived from
all girls with a 15th, 16th, or 17th birthday during 2019.
All administrations of first doses of bivalent and nonavalent
HPYV vaccines were recorded. A first dose was defined as
administration of an HPV vaccine to an individual (identi-
fied by a unique anonymous code) with no other dose of
HPYV vaccine recorded in the study database during the prior
18 months.

Model structure and catch-up vaccination scenarios

The study used the COVID-19 Recovery Tool, a Microsoft
Excel model that can use diverse types of country-specific
input data to estimate the number of missed vaccine doses
from the beginning of the COVID-19 pandemic to the

Observed period

Pre-COVID-19 period
1Jan 2019-31 Dec 2019

COVID-19 impact period
1Jan 2020-31 Dec 2023

current day and the expected time to clear the accumulated
deficit at different levels of vaccination uptake [36, 38].
The model’s temporal structure for this study comprised
a baseline pre-COVID-19 period (1 January to 31 Decem-
ber 2019), a COVID-19 impact period (1 January 2020 to
31 December 2023), a transition period (1 January to 31
December 2024), and a catch-up period (1 January 2025
onward; Fig. 1). The year 2019 was chosen as baseline pre-
COVID-19 period, and the post-pandemic monthly uptake
rates were compared against the baseline uptake.

Empirical HPV vaccination data from EHRs were
extracted for each month of the baseline and COVID-19
impact period. All recorded data on first doses of HPV vac-
cination for girls aged 9-17 years old were extracted from
the available physician panel including general practitioners,
gynecologists, and pediatricians for the period of 1 January
2019 to 31 December 2023. Patients of unknown sex as well
as those outside of the desired age range were excluded from
the analysis.

The HPV vaccination deficit during each month of the
COVID-19 impact period was calculated by subtracting the
number of first doses administered each month from the
number of first doses administered during the correspond-
ing month of the baseline period (Online Resource 1). Dur-
ing the transition period, the model gradually increased the
number of first vaccine doses administered each month in
a linear manner, from the level at the end of the COVID-
19 impact period to a base-case catch-up level that was set
to 10% higher than the baseline period vaccination uptake.
This 10% catch-up vaccination rate was then applied to the
imputed number of monthly vaccine doses administered
during each month of the catch-up period. Finally, accumu-
lated vaccination deficits and deficit recovery times were
estimated. In addition to the base-case analysis (10% catch-
up vaccination rate) described above, we also modeled opti-
mistic and pessimistic scenarios with transition period and

Modeled period

Transition
period Catch-up period

1Jan 2024-31 1Jan 2025

Dec 2024

Modeled vaccination rate, compared

___________________ » +15% (optimistic scenario)

+10% (base case)

to pre-COVID-19 period

Fig. 1 Temporal structure of the COVID-19 Recovery Tool model
of human papillomavirus vaccination among adolescent girls in Ger-
many. During the modeled period, the number of first vaccine doses
administered each month was increased in a linear manner from the
observed level at the end of the COVID-19 impact period (-X% com-

——————————————————— » +5% (pessimistic scenario)

pared to baseline) to a level set to 5-15% higher than the observed
vaccination rate during the baseline pre-COVID-19 period. This
catch-up vaccination rate was then maintained during the catch-up
period
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A) Base-case: catch-up vaccination rate 10% higher than 2019 baseline
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«Fig. 2 Deficit in the number of first doses of human papillomavirus
vaccine administered to adolescent girls 9—-14 years of age in Ger-
many. Administered doses are shown in orange and the cumulative
deficit in administered doses in gray. Dashed line denotes the begin-
ning of the COVID-19 pandemic in March 2020

catch-up vaccination rates of 15% and 5% above baseline,
respectively.

Results
Estimated vaccination deficits

Empirical model input data extracted from EHRs showed
that in 2020 the average monthly number of first doses
administered to girls 9—14 years of age decreased by 7.4%
compared to the 2019 baseline level, then fell to 21.2%
below baseline in 2021, 21.0% below baseline in 2022, and
19.5% below baseline in 2023 (Online Resource 1). The
largest decreases were observed in July 2021 (55.7% below
baseline for girls 9-14 years of age). There was a small
improvement in 2023, with an average monthly administra-
tion rate of — 19.5% compared to the corresponding months
in 2019. The average monthly number of first dose adminis-
trations at the start of the transition period was set to 19.5%
below baseline.

The first HPV vaccine doses administered in Ger-
many and the accumulated vaccination deficit during
the COVID-19 pandemic are shown in Fig. 2. At the
end of the COVID-19 impact period/beginning of the
transition period, there was an accumulated deficit of
258,761 first doses among girls 9-14 years of age. In
the base-case scenario, when the monthly number of
vaccinations during the 12-month transition period was
gradually increased from 19.5% below baseline to 10%
above baseline, the number of accumulated missed first
doses at the end of the transition period / beginning of the
catch-up period was estimated to have grown to 276,427
(73.8% of the annual first doses administered during the
baseline period; Table 1). An optimistic scenario (catch-
up rate 15% higher than baseline) and pessimistic sce-
nario (catch-up rate 5% higher than baseline) were also
modeled, resulting in an optimistic projected deficit of
267,052 doses (71.3%) and a pessimistic projected deficit
of 285,798 doses (76.3%). For girls 15-17 years of age,
the accumulated deficit of first doses at the end of the
COVID-19 impact period / beginning of the transition
period was 168,109. At the beginning of the catch-up
period the deficit was estimated at 188,192 in the base-
case, 185,304 in the optimistic scenario, and 191,077 in
the pessimistic scenario.

Vaccination deficit clearance scenarios

In the base-case analysis, the catch-up vaccination rate of
10% above baseline was estimated to result in the clearance
of the accumulated deficit of first doses of HPV vaccine
by 20 May 2032 among girls 9-14 years of age (Table 2).
The higher catch-up rate used in the optimistic scenario was
estimated to clear the deficit> 2.5 years sooner (clearance
date of 3 October 2029), while the lower rate used in the pes-
simistic scenario delayed deficit clearance by nearly 8 years
compared to the base-case (clearance date of 7 April 2040).

The projected dates of deficit clearance at catch-up vac-
cination levels of 10-50% are graphed in Fig. 3. Depend-
ing on the three scenarios, catch-up vaccination uptake of
12.3% (11.9-12.7%) above baseline would be needed to
clear the deficit of first doses by 31 December 2030. These
uptake levels would equate to an additional 3842 first doses
administered each month between 1 January 2025 and 31
December 2030.

Discussion

The COVID-19 pandemic has disrupted vaccination and
other preventive health services. In the present study, we
used data on the number of first doses of HPV vaccine
administered to girls 9-14 years of age in Germany to esti-
mate the number of missed doses since the onset of the pan-
demic. We also estimated the time that will be needed to
clear this deficit under three catch-up vaccination scenarios
with uptake 5%, 10%, and 15% above the 2019 baseline.
Our model identified a substantial deficit in the number of
first doses of HPV vaccine administered to girls 9-14 years,
taking at least 4.75 years to clear in even the most opti-
mistic scenario. Clearing the deficit by the end of 2030
would require a catch-up rate of 11.9-12.7% above the 2019
baseline. This rate is higher than the catch-up rates previ-
ously estimated for Greece and Switzerland (8.2% and 8.4%
above baseline, respectively, to clear each country’s deficit
by December 2024) [36]. While the prior analysis used the
same model, it included a shorter observed period (up to 31
December 2021) and earlier transition and catch-up periods
[36]. The later catch-up period (starting in January 2024)
in the current analysis contributes to the higher catch-up
rate that would be needed to clear the German vaccination
deficit by the end of 2030. The 2021 average monthly first
vaccine dose deficit of —21.2% observed in the current study
was also greater than that observed in Greece (— 12.3%) or
Switzerland (—7.9%), which may also have contributed to
the differences in the required catch-up vaccination rates
estimated for these countries. Of note, Switzerland has a
school-based HPV vaccination program, while Greece and
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Table 1 Estimated number of missed first doses of human papilloma-
virus vaccine at the beginning of the catch-up period

Scenario Catch-up Girls 9-14 years Girls 15-17 years
rate of age of age
Missed %®  Missed %°
doses doses
Base-case  10% 276,427 73.8 188,192 148.9
Optimistic  15% 267,052 71.3 185,304 146.6
Pessimistic 5% 285,798 76.3 191,077 151.1

*The number of first doses of HPV vaccine administered during the
transition period (1 January to 31 December 2024) was increased
linearly from the estimated level at the end of the COVID-19 impact
period (girls 9-14 years of age, 19.5% lower than the 2019 baseline
period vaccination level; girls 15-17 years of age, 37.7% lower than
baseline) to a catch-up vaccination uptake of 5%, 10%, or 15% higher
than baseline

®The number of missed first doses was divided by the annual number
of first doses administered during the baseline period

Table 2 Estimated first dose human papillomavirus vaccination defi-
cit clearance dates for girls 9-14 years of age

Scenario Catch-up rate*  Estimated time Date of deficit
to clear deficit clearance
(months)

Base-case 10% 88.6 20 May 2032

Optimistic ~ 15% 57.1 3 October 2029

Pessimistic 5% 183.2 7 April 2040

*The number of first doses of HPV vaccine administered during the
transition period (1 January to 31 December 2024) was increased
linearly from the estimated level at the end of the COVID-19 impact
period (19.5% lower than the 2019 baseline period vaccination level)
to a catch-up vaccination uptake of 5%, 10%, or 15% higher than
baseline

Germany do not, which may partially explain the smaller
vaccine dose deficit estimated in the Swiss analysis.

We estimated that 258,761 first doses had been missed
by 1 January 2024 among girls 9-14 years of age and that
the deficit grew to between 267,052 (15% catch-up vac-
cination scenario) and 285,798 (5% scenario) doses by 1
January 2025. The accumulated vaccination deficit for
girls 15-17 years of age was estimated to be somewhat
smaller overall than that accrued for girls 9-14 years of age
(185,304-191,077 versus 267,052-285,798 by 1 January
2025). It is important to note that even though the abso-
lute number of dose deficit may be lower in the 15-17 year
cohort, proportionally the deficit is much larger (~ 149%
vs.~73%) compared to 9-14 year cohort. Part of the rea-
son for these results is that the size of the eligible cohort
in girls 15-17 years of age is about one-third of the size
of the 9—14-year-old cohort. This was also reflected in the
baseline (2019) uptake differences in the two age groups,
where overall the dose uptake during pre-COVID timeframe

@ Springer

is smaller in the catch-up cohort than the primary cohort.
Rapidly clearing the deficit among this older age group is
particularly urgent as in Germany the recommendation for
HPYV vaccination with mandatory reimbursement ends 1 day
before their 18th birthday, so when girls age out (> 18 years)
they will either (1) not receive their complete HPV series
or (2) potentially have to pay out-of-pocket for their HPV
vaccination as health insurance companies are no longer
obliged to pay for the vaccination for patients aged 18 years
and older.

Urgent measures will be needed to clear the COVID-
19-related HPV vaccination deficit in Germany. This will
be a significant challenge, since Germany’s pre-COVID-19
female HPV vaccine coverage rate was well below the World
Health Organization’s and the European Commission’s tar-
get of 90% [19, 44, 45]. Our findings suggest that the pan-
demic has further slowed progress toward achieving this
target.

HPV vaccine uptake is influenced by several factors,
including knowledge and awareness, trust in healthcare
providers, and cultural, social, and policy-related factors. A
2022 survey of 1,095 German adults found low awareness
of HPV and the vaccine, with nearly two-thirds (63.8%) of
respondents having never have heard of HPV and only 44.9%
of respondents aware that a preventive vaccine against HPV
existed [46].

One of the logistical barriers to improving HPV vaccina-
tion uptake in Germany is that vaccinations are administered
by physicians at their offices, with no formal invitation or
reminder system in place and no school-based programs in
the country. A previous study found a positive association
between HPV vaccination and voluntary attendance at the
J1 health check [47]. More proactive promotion of the J1
visit, such as through an organized universal reminder sys-
tem, has thus been suggested as a means to improve HPV
vaccination uptake [47-49]. Further, the implementation of
school-based HPV vaccination in Germany has also been
suggested, as have improved education on the importance
of HPV vaccination for disease prevention, organized vac-
cination invitation and reminder systems, increased political
support and cooperation [48, 49]. Stronger recommendations
from health care providers have also been shown to improve
HPV vaccine uptake in other countries [50].

Efforts to improve HPV vaccination will need to account
for vaccine hesitancy and other patient concerns, including
the impacts of the politicization of COVID-19 vaccination
campaigns on overall attitudes to vaccination. Germany
generally has relatively high levels of vaccine acceptance
and is at roughly the Western European median level on
many measures of extreme anti-vaccination attitudes [51,
52]. However, in a pooled analysis of survey respondents
from Germany and eight other Western European countries,
vaccine safety concerns and lack of information on HPV
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vaccinations were frequently cited as reasons for not being
vaccinated against HPV [53]. Responses to these common
concerns will need to be incorporated into educational initia-
tives designed to address the deficit in HPV vaccination that
has accumulated during the COVID-19 pandemic.

The study has limitations. Our analyses combined empiri-
cal vaccination data with an established modeling tool to
estimate the HPV vaccination deficits in Germany under
three different scenarios, covering a range of possible catch-
up vaccination rates. The accuracy of the model is limited by
quality of the input data used, which were extracted from a
panel of office-based physicians. However, a previous analy-
sis found that the study databases are representative of the
demographics of Germany and are suitable for vaccination-
related analyses [43]. Exact dates of birth were not available,
so inclusion in the age groups of interest was inferred based
on year of birth; some vaccines administered to individuals
outside the stated age range of each group may therefore
have been included in our analyses, while some vaccines
administered to individuals within the age range of interest
may have been missed. However, we would expect the pro-
portions of these categories of vaccinations to remain stable
during the study period. In addition, traceability was only
possible for individuals receiving their entire HPV vaccina-
tion series at the same participating practice; inaccuracies
in dose classification (i.e., first versus subsequent dose) may
occur if individuals transition from one practice to another.
It is possible that such misclassifications may occur more

frequently for older adolescents transitioning from a pedia-
trician to a general practitioner. Overall, however, we would
expect dose misclassification to be a rare event with a stable
frequency over time. Our analyses also made a number of
assumptions about changes in vaccination rates during the
modeled periods; inaccuracies in these assumptions would
be expected to affect the accuracy of the estimated vac-
cine dose deficits and catch-up times. Finally, our model
assumes that providers will be able to administer vaccines at
the required catch-up rate of 5-15% above the pre-pandemic
2019 baseline vaccination rate. Sustaining these catch-up
rates of 5-15% over a number of years may not be realistic,
thus, the actual time to clear the deficit may be longer than
modeled here.

Conclusions

In conclusion, our analysis confirms that the COVID-19
pandemic caused a substantial deficit in HPV vaccination
in Germany. Our model’s projections highlight the urgency
of implementing vaccination promotion interventions to
address this deficit and prevent a future surge in the inci-
dence of HPV-related cancers and other diseases.
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