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Abstract
Background: In 2014, Denmark experienced a rapid decline in vaccination uptake for the human papillomavirus
(HPV) vaccine after a successful introduction of the vaccine in 2009. Before the decline, the uptake of the first HPV
vaccine was around 90% for girls born in the period 1998 to 2000, while it dropped to 54% for girls born in 2003.
The decline followed negative public attention from 2013 coinciding with increasing suspected adverse-event
reporting to the Danish Medicines Agency. The aim of this study is to describe the HPV-vaccination uptake,
to quantify relevant HPV-related media coverage, and analyse the relation between media coverage and HPV-vaccination
acceptance in Denmark in year 2009–2016.
Methods: Three types of data were used for the analysis: Immunisation data from 243,415 girls, media coverage (8524
news items) and Google search activity. We used changes in the correlation between media coverage and vaccination
uptake to identify a changing point in their relationship. The relationship before and after the changing point was
analysed determined on the interactions between vaccination uptake, media and search activity, with search
activity as a proxy for public attention.
Results: We identified July 2013 as a changing point in the relationship between media coverage and vaccination
uptake. We found no significant relationship between media coverage and vaccination uptake in the first part of the
time series (June 2009 to June 2013), whereas from July 2013 and onwards there was a negative Pearson’s correlation
of − 0.52. The changing point coincides with both an increase in Google searches for “HPV side effects” and
media coverage with negative content.
Conclusions: Following a successful launch of the HPV-vaccination programme, concerns about vaccine safety
shifted the public opinion and the coverage by the media. The noticeable shift in correlation between vaccination
uptake and media coverage before and after July 2013 could indicate that increased media coverage influenced the
decline in vaccination uptake. Media monitoring may represent an important tool in future monitoring and assessment
of confidence in vaccination programmes.
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Background
With nearly 400 women diagnosed with cervical cancer
and 100 annual deaths in Denmark (data including
2014), the incidence rate remains high among Western
European countries [1]. Accordingly, Denmark was one
of the first countries to implement publicly funded vaccination against human papillomavirus (HPV). This was
the latest addition to the Danish childhood vaccination
programme protecting against nine infectious diseases.
The programme is voluntary, offered free of charge and
widely accepted. The HPV-programme was launched in
2008 primarily targeting 12-year-old girls with a quadrivalent HPV-vaccine. Effectiveness, impact, and safety of
the quadrivalent HPV-vaccine is well established [2].
In the first years after the launch, the HPV-vaccine
was received positively resulting in a high uptake (> 90%
with at least one HPV vaccination among girls born
1998 to 2000). From 2013, the programme was challenged by an increasing number of reported suspected
adverse events [3] and subsequently the media attention
increased and shifted in content. The Danish media
started to recount case-stories of suspected adverse
events from Danish girls and women. This accelerated
after a television documentary, March 2015, describing a
group of girls with a wide range of disabling symptoms
presumed to follow HPV-vaccination. The documentary
was widely shared and reported on social and written
media. Subsequently an additional number of similar
case-stories and anecdotes were disseminated in various
media sources, including social media. Until now, no
epidemiological study have been able to substantiate an
increased risk of the alleged adverse events with a history of HPV-vaccination. Nevertheless, this shift in
media attention was followed by a marked decline in
HPV-vaccination uptake and an increased rate of reported suspected adverse events [4].
The aim of the present study was to describe the decline
in the uptake of HPV-vaccination and to explore the relationship between media coverage, Google searches, and
vaccination activity under the hypothesis that media
coverage affects search activity and vaccination uptake.
It is known from previous studies that media coverage
affects the uptake of vaccinations [5, 6]. Traditionally, it
has been very difficult to attain data, which captures the
temporal association between external exposure such as
media coverage and vaccination uptake [5, 6]. The
Danish Vaccination Register [7] contains registration on
both personal identifiers, type, and time of vaccination
allowing for investigations of timely associations with external factors. We took advantage of this data source to
calculate the vaccination coverage per birth cohort and
the rate of administered vaccines per month as a measure of vaccination activity. A similar approach has been
used in a recent study [8], where the focus was the
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MMR vaccination uptake and media coverage. We go
further in this study by also including data on online
search patterns.
Frequencies of web searches has successfully been
used for predicting vaccination uptake in Denmark [9],
as has the media attention with respect to the measles,
mumps and rubella vaccine in the US [6]. For our quantitative analysis, we applied a similar idea. We used
queries to extract news items from a news media database and search activity from Google. The news items
were correlated with a time series of vaccination uptake
to quantify a potential relationship. While the search activity was used as a way to quantify public attention on
the HPV-vaccine and HPV-vaccine side effects.

Methods
Vaccination data

Childhood vaccinations are administered by general
practitioners who report the vaccinations to the Danish
Vaccination Register (DDV) [7]. We extracted data from
243,415 girls (retrieved October 2016) and used the data
to calculate vaccination uptake by birth cohort as well as
monthly vaccination activity (see below).
To quantify temporal effects of media on vaccination
uptake we used the notion “vaccination activity”. We defined vaccination activity as the monthly number of girls
who received the first dose of HPV-vaccine divided by
the number of girls at the target age, i.e. girls turning 12
years that month. Dividing by the monthly birth cohort
size controls for yearly variations in expected vaccination
activity. In periods with high vaccination activity due to,
e.g., catch-up activities, the vaccination activity can be
higher than 100.
Media coverage and public awareness

Retrospective analysis of media coverage is relatively
simple due to the availability of comprehensive archives
of published media, as will be discussed below. Data on
public attention, on the other hand, is not readily available. In this study, we resorted to online search activity
as a proxy for public attention. In a society with widespread access to the internet, search activity can be
regarded as a measure of population behaviour, which is
likely to be correlated with public attention.
The Google Health Trends service was used to download monthly search activity data. The service gives access to aggregated search data for a sample of 10–15%
of the total number of searches. We restricted our sample to searches from Denmark. We extracted search activity for two searches: “hpv-vaccine” (HPV-vaccine) and
“hpv bivirkninger” (HPV side effects/adverse events).
The queries were chosen to distinguish between searches
related to potential adverse events and searches reflecting a general interest in the vaccine. The Google Health
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Trends service allowed us to make a relative comparison
between the search volume of different searches, though
the absolute number of searches is unknown.
Media coverage was quantified as the number of published news items in a given month. News items matching
a HPV-relevant query, see below (English translations in
parentheses) was extracted from the media database,
Infomedia [10]. The database covers nationwide newspapers, local newspapers, magazines, news agencies,
web media, radio shows and TV shows [10].
“HPV AND livmoderhalskræft (cervical cancer)“OR “HPV
AND cervix cancer” OR “HPV AND cancer” OR “HPV AND
kræft (cancer)” OR “HPV AND POTS” OR “HPV AND CRPS”
OR “HPV AND kønsvorter (genital warts)” OR “HPV AND
kondylomer (condyloma)” OR “HPV AND condyloma” OR
“HPV AND sygdom (disease)” OR “HPV AND kønssygdom
(sexually-transmitted disease)”.
The query was designed to return as many HPV-related news items as possible. We excluded product
names of HPV-vaccines (Gardasil and Cervarix) since
we were uninterested in product specific effects. POTS
(Postural Orthostatic Hypotensive Syndrome) and CRPS
(Chronic Regional Pain Syndrome) are abbreviations
commonly used in Danish media to describe suspected
adverse events.
From Infomedia.dk we retrieved a total of 8524 unique
news items, ranging from a minimum of 1 news item
per month to a maximum of 507 news items in 1 month.
An increase in news items matching the query was expected, as additional data sources, e.g. magazines or
newspapers, are included in the database over time. To
account for these changes, we normalized by the total
number of news items containing the Danish word for
“and”, on the assumption that all news items contain this
word, this is referred to as the media coverage.
To confirm the initial hypothesis, i.e., that media
coverage of the HPV-vaccine turned increasingly critical,
a sample of news items were annotated into three categories: Focusing on benefits, neutral, or focusing on adverse events. For each year, the 20 news items that best
matched the HPV query (according to Infomedias retrieval
function) were selected. Three annotators independently
performed the hypothesis-generating annotation of the
sample of articles. Disagreement between annotators were
solved using majority voting.
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If media coverage and vaccination uptake were influenced by each other, we would expect a none-zero correlation. If the character of the relationship changed, we
would expect the correlation to also change. We hypothesis that if the change happens quickly, we would be able
to identify a changing point in time where the correlation changed for the period prior to the changing point
compared with the period after. To assess this, we first
calculated for each time point the correlation before and
after, and subsequently we calculated the difference.
Secondly, we calculated the derivative of this signal,
i.e. the change between time points, and identified
the time point with the largest change as the temporal changing point.

Results
HPV-vaccination uptake in Denmark

Figure 1 shows that the vaccination uptake for the first
dose of HPV-vaccine increased from 80 to 92% for the
birth cohorts of 1993 to 2000. For girls born after 2000,
the initiation of HPV-vaccination decreased for successive birth cohorts, reaching the lowest uptake of 42% for
the birth cohort of 2004 (data per June 2017).
Correlation between written media coverage and
vaccination activity in Danish females

Figure 2 shows HPV-vaccination activity, HPV-related
media coverage and search activity from January 2009 to
January 2016. As illustrated in the figure there was a
high vaccination activity in the first part of 2009 after
the programme was launched. After the launch, activity
remained quite stable until mid-2013 where the vaccination coverage dropped to below 90%. From the middle
of 2012 to middle of 2013, there was a marked increase

Statistical analysis

To identify a potential change in the relationship between media coverage and vaccination uptake, we analysed changes in Pearson’s correlation. A temporal
changing point is not a well-defined concept, and our
choice of approach was based on the following reasoning. Pearson’s correlation quantifies to what extent the
change in one signal coincides with changes in another.

Fig. 1 HPV-vaccination in birth cohorts 1993–2003, Denmark.
HPV-vaccination initiation and completion for girls in the childhood
vaccination programme, Denmark birth cohorts 1993–2003. Three-dose
vaccination schedule from 2009 until August 2014. Two-dose schedule
from August 2014 until 14 October 2016. Data extracted June 2017
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Fig. 2 HPV-vaccination activity, media coverage, Google Health Trends search activity, public initiatives and significant media events, 2009–2016
in Denmark. Monthly HPV-vaccination initiation (HPV1) and media coverage in Denmark 2009–2015. Vaccination activity defined as proportion of
vaccinated girls in relation to girls eligible for vaccination. Media coverage in Denmark 2009–2015 define number of HPV-related news items
proportional to the total number of news items. Search activity indicates a relative probability for observation the defined search terms service
allowing for a relative comparison between the search volume of different searches, though the absolute number of searches is unknown. The
timeline in the bottom of the plot shows public initiatives and significant media events regarding the HPV-vaccine in Denmark. The vertical dotted
line shows the changing point in the correlation between vaccine activity and media coverage

in both search activity and media coverage, which coincided with a drop in vaccination initiation. The public
initiatives and significant media events regarding the
HPV-vaccine are presented in chronological order in the
bottom plot. The dotted vertical line marks the temporal
changing point.
We identified July 2013 as the temporal changing
point in correlation between media coverage and vaccination activity. Until June 2013 the correlation was
non-significant (r = 0.18, p-value = 0.23), while it was significant and negative (r = − 0.52, p-value< 0.001) for the
remaining period. The changing point occurred after the
peak in media attention, i.e. July 2013, but before the
peak in search activity for HPV side effects. While the
correlation after the changing point is significant, a value
of − 0.52 is not a strong correlation. Even if we assume a
relationship between the two signals, a substantial proportion of the change in either signal must be attributed
to other factors.
The time-line in Fig. 2 shows the public initiatives and
selected significant media events regarding the HPV-vaccine in Denmark 2009–2013. A steep rise in media
coverage and search activity was seen after the death of
a young actor from cervical cancer in December 2012.

In 2013, two series of critical articles in nationwide
newspapers questioned the reliability of professional
recommendations and later suspected adverse events.
Several patient organisations were formed, such as
“HPV-Update” under the Danish Association of the
Physical Disabled, comprising parents believing that
their daughters suffered from adverse events after
HPV-vaccination [11] . A TV documentary from March
2015, “De vaccinerede piger“ (The Vaccinated Girls)
displayed a group of girls reporting a diverse array of
symptoms perceived as adverse events following HPVvaccination [12]. This documentary was widely discussed
in the media and on social media platforms, coinciding
with increased search activity. In the same period, the
chairperson of the Health Committee in the Danish
Parliament voiced great concern for the safety of the
HPV-vaccine [13]. The issues of vaccination safety kept
resurfacing in the media, an important driver was the
freely available newspaper MetroXpress that had a daily
feature page along with a webpage on the “HPV case”
(Danish: HPV-sagen) [14]. The Danish safety signal was
raised to the European Medicines Agency (EMA) Pharmacovigilance Risk Assessment Committee (PRAC) in
September 2013. In July 2015, the European Commission
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requested PRAC to assess whether there was evidence of
a causal association between HPV-vaccination and POTS
and/or complex regional pain syndrome (CRPS). The suspicion of such an association had also been raised from
Japan [15]. PRAC concluded that no current evidence
supported that HPV-vaccination causes CRPS or POTS
[16]. In December 2015, the WHO Global Advisory Committee on Vaccine Safety reported that it had not found
any safety issues that would alter its recommendation
[17]. The same year, the Danish National Board of Health
reaffirmed the favourable risk/benefit balance of
HPV-vaccination in a public statement [3].
Figure 3 shows the distribution of the sentiment-annotated articles. The number of articles focusing on benefits peaked in 2012 with 19/20 articles, after which it
slowly dropped to 6/20 in 2015 with 11/20 articles focusing on a potential link to adverse reactions.

Discussion
Introduction of the HPV-vaccine in Denmark

After a successful launch of the HPV-vaccination
programme, the vaccination uptake remained high for 6
years, after which we saw a decline. In this paper we describe the events leading up to the decline and focus on
the potential correlation with media coverage and
on-line search activity as a proxy of public attention.
Our analysis of the correlation shows a change in the relation between the media coverage and vaccination uptake in July 2013.
The findings could indicate that as media attention increased, the public confidence in the safety of the vaccine decreased, and accordingly, vaccination uptake was
reduced. The situation was self-perpetuating with a continuous stream of news-stories describing the decline in
HPV-vaccination uptake and suggesting fear of adverse
events as leading explanation. Media coverage related to
the HPV-vaccination increased from 2012 and peaked in

Fig. 3 Sentiment annotation of 140 articles. The yearly distribution
of annotated articles. The overall raw agreement was 85.4% between
the three independent annotators
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June 2013. Initially, the media attention was focusing on
the benefits of vaccination, i.e. cancer prevention,
which was also reflected in the annotated articles (see
Fig. 3) and coincided with an increase in search activity
on HPV-vaccine (see Fig. 2). The decline in vaccination
activity stabilised in 2014 but was accelerated after the
airing of the documentary “The vaccinated girls” in
March 2015. In the same period, the search activity on
adverse events increased markedly, indicating a profound impact on the public risk perception of the
HPV-vaccine. There was also a noticeable increase in
the number of reported adverse events related to
HPV-vaccination in Denmark from 2012 with 95 reports
compared to 2015 with 821 reports [4].
The effect of media coverage on vaccination uptake
has been studied in other contexts. Influenza vaccination
rates has been shown to increase after significant media
attention to a severe influenza season in the US [18].
Further, articles suggesting a link between the MMR vaccine and autism has been linked to a drop in MMR vaccination in the US [6] and the UK [19]. A recent Danish
study on the correlation between media coverage and
the MMR vaccine showed that controversies in the
media coincided with a correlation between vaccination
uptake and media coverage, indicating a potential relationship [8]. Our hypothesis about the connection between increased adverse event reporting and media
coverage is corroborated by other studies. Eberth et al.
reported that media coverage and in particular internet
search activity may stimulate increased adverse event
reporting [20]. Faase et al. found results suggesting
adverse events reporting was not related to the HPVvaccination but to the news coverage and internet search
stimulating concerns [21]. Dunn et al. used Twitter to
derive media exposures and showed that HPV vaccination coverage was lower in areas with higher proportion
of exposure for safety concerns, misinformation and
conspiracies [22].
The effect of case stories reported in the news has not
only been seen in Denmark. In Ireland concerns are
raised as fewer girls receive HPV-vaccine [23, 24]. The
Japanese government suspended their active recommendation of the HPV-vaccine in 2013 in response to unfounded fears about the safety profile. The decision is
still unreversed despite a supportive declaration from
the country’s Vaccine Adverse Reactions Review Committee [25]. Apart from the withdrawal of the HPV-vaccine in Japan, it is our impression that no other country
had yet to experience an HPV crisis as strong as in
Denmark. However, the proportion of girls who completed the vaccination schedule in Ireland dropped to an
estimated uptake of 50% for the first dose in 2016–17
[26]. The fact that other countries had yet to experience
an HPV crisis as strong as in Denmark makes
an
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influence from non-Danish media sources on the vaccination choices less likely. Karafillakis et al. have investigated vaccine-safety scepticism and found, with the
notable exceptions of France and Italy, that Western and
Northern European countries express less concern about
vaccine safety than Eastern and Southern European
countries [27].
Our data provide indirect insight into the decision
process to vaccinate ones child. This decision is influenced by multiple factors, one of those being publications in the media [28]. Media is part of shaping parents
impressions of the safety of a vaccine, which is the largest concern parents have today regarding vaccines [29].
A greater belief in the protection offered by childhood
vaccines has been found to correlate with acceptance of
HPV-vaccines [30]. Parent socio-economical [31] and
social-environmental factors including cultural beliefs as
well as social group norms may also play a role [28].
This influence of social group norms could explain the
rapid decline in vaccination seen in our study. Both individual factors, as well as social group norms, can be influenced by massive media coverage and impact parental
vaccination choices through different pathways. In other
countries, such as the UK and US, parental concerns
over HPV-vaccination promoting promiscuity [32]. This
has not been a topic in the Danish debate [33].
In addition to the previously mentioned factors, physicians play a pivotal role in the parental vaccination decision pathway. Daley et al. has reported that physicians
attitudes and intentions of recommending HPV-vaccination promote successful immunization delivery [34].
Gilkey et al. found that providers presented HPV as an
“optional” vaccine that can be delayed [35]. HPV-vaccination being the latest addition to the Danish vaccination
programme places it in a vulnerable position since physicians perceive the most recently introduced vaccines in
the programme to be less important compared with the
former [36].
Monitoring media activity and describing the effect of
media coverage on vaccination may help to develop new
approaches to reach and maintain the optimal vaccination uptake. This is also very important to keep in mind
when planning the introduction of potential new vaccines into a childhood vaccination schedule. Listening to
the public should be a fundamental element of any
introduction of a new vaccine. Larsson et al. have constructed a communication model that envisions communication as integrating safety assessment and trustbuilding strategies [37]. Bahri et al. showed how realtime global media monitoring could be used for enhancing communication proactivity and preparedness to
support vaccine use [38]. In Denmark, the National
Health Authority together with the Danish Cancer Society
and other stakeholders launched an informational

Page 6 of 8

campaign, 2017, using as the key platform a Facebook
page where professionals engage with the public in a
timely manner [39]. The Facebook page also directs traffic
to an information homepage www.stophpv.dk [40] with
additional material. A similar multi-stakeholder approach
has been successful in raising the uptake of
HPV-vaccination in Ireland [26].
Strength and limitations

Using the DDV, we are able to closely monitor the development in HPV-vaccination uptake on population level
using person identifiable data on a real time scale [7].
The validity of the DDV has previously been studied indicating a 3 percentage points underestimation [41]. The
reporting to the DDV has since been made mandatory
and automatized which should improve the completeness of the register [42]. Our study was ecological in its
design, limiting the possibility of causal inference.
While the media archive used for the media coverage
analysis covers all the major Danish news sources, it is
still dynamically changing which might introduce a bias.
The most vocal media in the HPV debate have been
present in the archive throughout the study period and
bias through changes in the database content should
therefore be limited. It is evident from the case of the
documentary “The vaccinated girls” that a lot of spin-off
stories were published in the written media. A large percentage of Danish parents may have sought their information online or in social networks since 92% of Danes
have access to the internet at home [43]. Not having
data on social media is a limitation in this study and is
an area for further research. However, Mollema et al.
identified a strong correlation between the number of
messages on social media and online news articles, indicating that public opinion is reflected on these platforms
and that the written media determine themes discussed
on social media [44].
We analysed the content of a sample of the media
stories and found the results to confirm our prior perception of increasingly negative media sentiment (see
Fig.3). Previous studies have shown that just the mention
of a controversy in the media may impact public awareness regardless of specific content [45]. This paper is
intended as a description of the events leading up to the
decline in the HPV-vaccination uptake.

Conclusion
The HPV-vaccination uptake was very high in Denmark
for the first years after the introduction in the childhood
vaccination schedule. Following public concern and
media attention, the uptake dropped to a dissatisfactory
level of 54% for the girls born in 2003. The drop in vaccination uptake of HPV-vaccine correlated with written
media attention from July 2013.
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This study offer important information for the public
health community as it continues to work for higher acceptance of present and emerging vaccines. Our findings
suggest that media could have a potential impact on vaccination uptake. If providers and parents become more
cautious during periods of controversy, it will be very
important that the health authorities are aware of this.
For many parents, vaccination decision-making is complex and providing recommendations from authorities is
not enough to safeguard a vaccination programme. Close
monitoring of media and public sentiment might allow
for early detection of emerging problems enabling timely
action, and this information can be used in shaping
communication activities. Media coverage has to be taking into account when planning public health interventions including introduction of a new vaccine. A strategy
for handling a sudden change in public opinion reflected
in media could prove vital for reaching and maintaining
the optimal vaccination uptake. WHO has developed an
e-learning module for crisis communication including a
case study on how a potential HPV-vaccine crisis was
averted in the UK [46]. Allegations regarding
vaccine-related adverse events needs to be dealt with
rapidly and effectively to not undermine confidence in
the vaccine. Managing inaccurate perceptions of vaccination risks is as important as handling scientifically confirmed risks [37]. From a public trust standpoint, it is
advisable to proactively take control of the story by communicating rapidly, accurately and provide transparency
[46].
Abbreviations
CRPS: Chronic Regional Pain Syndrome; DDV: the Danish Vaccination
Register; EMA: European Medicines Agency; HPV: Human Papilloma Virus;
MMR: Measles, Mumps and Rubella; POTS: Postural Orthostatic Hypotensive
Syndrome; PRAC: Pharmacovigilance Risk Assessment Committee; WHO: World
Health Organization
Acknowledgements
Not applicable.
Funding
The funding bodies have had no influence in the design of the study and
collection, analysis, and interpretation of data or in writing of the manuscript.
Camilla Hiul Suppli was founded through unrestricted grants by the following
private foundations: Axel Muusfeldts fond, Christian Larsen og Dommer Ellen
Larsens legat, Else og Mogens Wedell-Wedellsborgs fond, Familien HedeNielsens fond, AP Møller Fonden - Fonden til Lægevidenskabens fremme,
Helsefonden, Illum Fondet, Ole Kirks fond and Rosalie Petersens fond.
Niels Dalum Hansen was funded by IBM Denmark and grant number 4135–00047B
from the Innovation Fund Denmark.
Availability of data and materials
The datasets generated and analysed during the current study are not publicly
available due to Danish law as they contain information that could compromise
research participant privacy but are available in aggregated form from the
corresponding author on reasonable request.
Authors’ contributions
The idea and design of the study was executed by CHS, NDH and KM. The
analysis was performed by NDH. The first draft of the manuscript was produced
by CHS. CHS, NDH, KM, MR, PVB, and TGK all contributed to the interpretation

Page 7 of 8

of the results and the wording of the manuscript. All authors of the manuscript
have read and agreed to the content and are accountable for all aspects of the
accuracy and integrity of the manuscript in accordance with ICMJE criteria.
Authors’ information
CHS, KRM, TGV and PVB is employed at the Statens serum Institut responsible
for the Danish national surveillance of infectious disease epidemiology and
vaccination coverage of the Danish childhood vaccination programme.
Ethics approval and consent to participate
The study is purely register-based and was notified to the Danish Data Protection Agency. Ethics approval and participant consent was not necessary
according to Danish legislation.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Infectious Disease Epidemiology and Prevention, Statens
Serum Institut, Artillerivej 5, DK-2300 Copenhagen S, Denmark. 2Department
of Epidemiology Research, Statens Serum Institut, Artillerivej 5, 2300
Copenhagen, Denmark. 3Division of Infectious Disease Preparedness, Statens
Serum Institut, 2300 Copenhagen, Artillerivej 5, Denmark. 4National Institute
of Public Health, University of Southern Denmark, Øster Farimagsgade 5A,
1353 Copenhagen, Denmark.
Received: 13 February 2018 Accepted: 27 November 2018

References
1. Engholm G, Ferlay J, Christensen N, Kejs AMT, Hertzum-Larsen R,
Johannesen TB, Khan S, Leinonen MK, Ólafsdóttir E, Petersen T, Schmidt
LKH, Trykker H SH. NORDCAN: Cancer Incidence, Mortality, Prevalence
and Survival in the Nordic Countries, Version 7.3 (08.07.2016). Association of
the Nordic Cancer Registries. Danish Cancer Society Available from http://
www.ancr.nu, accessed on 09/08/2016. 2016;2008–9. http://www-dep.iarc.fr/
NORDCAN/DK/frame.asp. Accessed 9 Aug 2016.
2. Garland SM, Kjaer SK, Munoz N, Block SL, Brown DR, Dinubile MJ, et al.
Impact and effectiveness of the quadrivalent human papillomavirus vaccine:
a systematic review of 10 years of real-world experience. Clin Infect Dis.
2016;63:519–27.
3. The Danish Health and Medicines Authority. Report from the Danish Health
and Medicines Authority for consideration by EMA and rapporteurs in
relation to the assessment of the safety profile of HPV-Vaccine 2015.
4. The Danish Medicines Agency. Registration and monitoring of side effects.
https://laegemiddelstyrelsen.dk/en/sideeffects/side-effects-from-medicines/
registration-and-monitoring/. Accessed 28 Aug 2017.
5. Smith A, Yarwood J, Salisbury DM. Tracking mothers’ attitudes to MMR
immunisation 1996-2006. Vaccine. 2007;25:3996–4002.
6. Smith MJ, Ellenberg SS, Bell LM, Rubin DM. Media coverage of the measlesmumps-rubella vaccine and autism controversy and its relationship to MMR
immunization rates in the United States. Pediatrics. 2008;121:e836–43.
7. Grove Krause T, Jakobsen S, Haarh M, Mølbak K. The Danish vaccination
register. Euro Surveill. 2012;17:1–6.
8. Hansen ND, Mølbak K, Cox IJ, Lioma C. Relationship Between Media
Coverage and MMR Vaccination Uptake in Denmark: Retrospective Study
JMIR Public Health and Surveillance. https://doi.org/10.2196/publichealth.
9544. https://preprints.jmir.org/preprint/9544.
9. Hansen ND, Lioma C, Mølbak K, Dalum Hansen N, Lioma C, Mølbak K.
Ensemble Learned Vaccination Uptake Prediction Using Web Search
Queries. Proc 25th ACM Int Conf Inf Knowl Manag. 2016;24–28:1953–6.
10. www.infomedia.dk. http://infomedia.dk/. http://infomedia.dk/. Accessed 11
Jul 2017.
11. http://hpvupdate.com/. http://hpvupdate.com/. Accessed 21 Sep 2017.

Suppli et al. BMC Public Health

(2018) 18:1360

12. TV2 Denmark. The Vaccinated Girls. 2015.
13. Corfixen K. Liselott Blixt affejer HPV-rapport: »Lavet af betalt lobby«. Politiken 2015.
https://politiken.dk/forbrugogliv/sundhedogmotion/art5600533/Liselott-Blixtaffejer-HPV-rapport-%C2%BBLavet-af-betalt-lobby%C2%AB.
14. Metroxpress. HPV-sagen. mx.dk. https://www.bt.dk/danmark/danske-pigerer-ikke-alene-om-hpv-plager-udlandet-oplever-ogsaa-alvorlige-bivirkni.
Accessed 17 Dec 2016.
15. Kinoshita T, Abe RT, Hineno A, Tsunekawa K, Nakane S, Ikeda SI. Peripheral
sympathetic nerve dysfunction in adolescent Japanese girls following
immunization with the human papillomavirus vaccine. Intern Med. 2014;53:
2185–200.
16. European Medicines Agency (Pharmacovigilance Risk Assessment Committee).
HPV Vaccines - Assessment Report. 2015;44.
17. Global Advisory Committee on Vaccine Safety. Global Advisory Committee
on Vaccine Safety, 2-3 December 2015. Weekly epidemiological record.
2016;:21–32. http://www.who.int/vaccine_safety/committee/reports/
wer9103.pdf?ua=1. Accessed 10 Aug 2016.
18. Ma KK. Influenza vaccinations of young children increased with media
coverage in 2003. Pediatrics. 2006;117:e157–63.
19. Mason BW, Donnelly PD. Impact of a local newspaper campaign on the
uptake of the measles mumps and rubella vaccine. J Epidemiol Community
Health. 2000;54:473–4.
20. Eberth JM, Kline KN, Moskowitz DA, Montealegre JR, Scheurer ME. The role
of media and the internet on vaccine adverse event reporting: a case study
of human papillomavirus vaccination. J Adolesc Health. 2014;54:289–95.
21. Faasse K, Porsius JT, Faasse J, Martin LR. Bad news: the influence of news
coverage and Google searches on Gardasil adverse event reporting. Vaccine.
2017;35:6872–8.
22. Dunn AG, Surian D, Leask J, Dey A, Mandl KD, Coiera E. Mapping information
exposure on social media to explain differences in HPV vaccine coverage in
the United States. Vaccine. 2017;35:3033–40.
23. HPSC. HPV vaccine uptake in Ireland: 2015/2016 Background 2016. https://
www.hpsc.ie/a-z/vaccinepreventable/vaccination/
immunisationuptakestatistics/hpvimmunisationuptakestatistics/File,16039,en.
pdf. Accessed 10 Dec 2018.
24. Cullen P. Concerns raised as 5,000 fewer girls receive HPV vaccine. the Irish
times. 2016; http://www.irishtimes.com/news/health/concerns-raised-as-5-000fewer-girls-receive-hpv-vaccine-1.2782713. Accessed 4 Dec 2018.
25. Hanley SJB, Yoshioka E, Ito Y, Kishi R. HPV vaccination crisis in Japan. Lancet
(London, England). 2015;385:2571.
26. Corcoran B, Clarke A, Barrett T. Rapid response to HPV vaccination crisis in
Ireland. Lancet. 2018;391:2103.
27. Karafillakis E, Larson HJ. The benefit of the doubt or doubts over benefits? A
systematic literature review of perceived risks of vaccines in European
populations. Vaccine. 2017;35(37):4840–50. https://doi.org/10.1016/j.
vaccine.2017.07.061. Epub 2017 Jul 29.
28. Sturm L, Mays R, Zimet GD. Parental beliefs and decision making about
child and adolescent immunization: from polio to sexually transmitted
infections. J Dev Behav Pediatr. 2005;26:441–52.
29. Gamble HL, Klosky JL, Parra GR, Randolph ME. Factors influencing familial
decision-making regarding human papillomavirus vaccination. J Pediatr
Psychol. 2010;35:704–15.
30. de Visser R, McDonnell E. Corelates of parents´ reports of acceptability of
human papilloma virus vaccination for their school-aged children. Sex
Health. 2008;5:331–8.
31. Brabin L, Roberts SA, Farzaneh F, Kitchener HC. Future acceptance of
adolescent human papillomavirus vaccination: a survey of parental
attitudes. Vaccine. 2006;24:3087–94.
32. Zimet GD, Rosberger Z, Fisher WA, Perez S, Stupiansky NW. Beliefs, behaviors
and HPV vaccine: correcting the myths and the misinformation. Prev Med
(Baltim). 2013;34:5808–14.
33. Sander BB, Rebolj M, Valentiner-Branth P, Lynge E. Introduction of human
papillomavirus vaccination in Nordic countries. Vaccine. 2012;30:1425–33.
34. Daley MF, Liddon N, Crane LA, Beaty BL, Barrow J, Babbel C, et al. A
National Survey of pediatrician knowledge and attitudes regarding human
papillomavirus vaccination. Pediatrics. 2006;118:2280–9.
35. Gilkey MB, McRee AL. Provider communication about HPV vaccination: a
systematic review. Hum Vaccin Immunother. 2016;12(6):1454–68. https://doi.
org/10.1080/21645515.2015.1129090. Epub 2016 Feb 2.
36. Flanagan-klygis EA, Sharp L, Frader JE. Dismissing the family who refuses
vaccines. JAMA Pediatr. 2005;159:929–34.

Page 8 of 8

37. Larson H, Brocard Paterson P, Erondu N. The globalization of risk and risk
perception. Drug Saf. 2012;35:1053–9.
38. Bahri P, Fogd J, Morales D, Kurz X. Application of real-time global media
monitoring and “derived questions” for enhancing communication by
regulatory bodies: the case of human papillomavirus vaccines. BMC Med.
2017;15:1–13.
39. The Danish Health Authority. https://www.facebook.com/stoplivmoderhalskraeft/
?fref=ts. https://www.facebook.com/stoplivmoderhalskraeft/?fref=ts. Accessed 7
Jul 2017.
40. The Danish Health Authority. http://www.stophpv.dk/. http://www.stophpv.
dk/. Accessed 7 Jul 2017.
41. Wójcik OP, Simonsen J, Mølbak K, Valentiner-Branth P. Validation of the 5-year
tetanus, diphtheria, pertussis and polio booster vaccination in the Danish
childhood vaccination database. Vaccine. 2013;31:955–9.
42. Krause TG, Ærbo L, Balle H. Mandatory registration of vaccinations in the
Danish vaccination register. Epi-News. 2015;45. https://www.ssi.dk/aktuelt/
nyhedsbreve/epi-nyt/2015/uge-45---2015
43. Statistics Denmark. It-anvendelse i befolkningen. 2015. http://www.dst.dk/
Site/Dst/Udgivelser/GetPubFile.aspx?id=20737&sid=itbef2015.
44. Mollema L, Harmsen IA, Broekhuizen E, Clijnk R, De Melker H, Paulussen T, et
al. Disease detection or public opinion reflection? Content analysis of
tweets, other social media, and online newspapers during the measles
outbreak in the Netherlands in 2013. J Med Internet Res. 2015;17:e128.
45. Wilson K, Code C, Dornan C, Ahmad N, Hébert P, Graham I. The reporting of
theoretical health risks by the media: Canadian newspaper reporting of
potential blood transmission of Creutzfeldt-Jakob disease. BMC Public
Health. 2004;4:1.
46. World Health Organisation. HPV Vaccine Communication Who/Ivb/1312.
2016;56.

