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A group of scientific and public health experts and key stakeholders convened to discuss the state 

of knowledge on the relationship between adjuvanted monovalent inactivated 2009 influenza A 

H1N1 vaccines used during the 2009 influenza pandemic and narcolepsy. There was consensus 

that an increased risk of narcolepsy was consistently observed after Pandemrix (AS03-adjuvanted) 

vaccine, but similar associations following Arepanrix (AS03-adjuvanted) or Focetria (MF59-

adjuvanted) vaccines were not observed. Whether the differences are due to vaccine composition 

or other factors such as the timing of large-scale vaccination programs relative to H1N1pdm09 

wild-type virus circulation in different geographic regions is not clear. The limitations of 

retrospective observational methodologies could also be contributing to some of the differences 

across studies. More basic and epidemiologic research is needed to further elucidate the 

association between adjuvanted influenza vaccine and narcolepsy and its mechanism and to inform 

planning and preparation for vaccination programs in advance of the next influenza pandemic.
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1. Objective of meeting

The overall objective of this 2nd International Alliance of Biological Science (IABS) 

meeting was to review the status of the current knowledge regarding the relationship 

between narcolepsy and the administration of the adjuvanted pandemic influenza vaccines, 

especially Pandemrix, with the goal of being prepared for the next influenza pandemic. The 

meeting was organized by IABS in collaboration with the Belgian Federal Agency for 

Medicines and Health Products (FAMHP) and took place in Brussels, Belgium on March 

26–27, 2018. Participants included experts in epidemiology, surveillance, vaccine safety, 

immunology, neurology, and regulatory affairs, as well as representatives from the European 

Centre for Disease Prevention and Control (ECDC), the European Medicines Agency 

(EMA), NIBSC (UK), WHO, CDC, US Food and Drug Administration (FDA), Biomedical 

Advanced Research and Development Authority (BARDA) of the US Department of Health 

and Human Services, GlaxoSmithKline (GSK), IABS, and patient organizations for 

Narcolepsy in Sweden and Ireland.

An initial IABS meeting had been held in Geneva in October 2015 and the results of that 

deliberation have been published [1].

The following questions were addressed during the meeting:

1. What are the latest data on the risk of narcolepsy following exposure to the 2009 

pandemic vaccines?

2. Which scientific data are available and which data are lacking to explain the 

phenomenon seen in 2009–2010?

3. What evidence is there for an association of narcolepsy with wild type influenza 

infection?
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4. What additional work is needed to prepare for the potential use of adjuvanted 

vaccines during a possible future pandemic?

The expected outcomes were: An improved understanding of the relationship between 

narcolepsy and adjuvanted influenza vaccines and preparation for the potential use of 

adjuvanted vaccines if needed during another pandemic.

2. Background

Beginning in Mexico in April 2009, the 2009 H1N1 A/California pandemic influenza strain 

rapidly spread globally [2,3]. As part of a WHO coordinated pandemic response, 

manufacturers developed several monovalent adjuvanted influenza vaccines [4]. Pandemrix, 

a vaccine adjuvanted with Antigen System 03 (AS03), was utilized primarily in Europe and 

approximately 31 million patient doses were administered to populations in Finland, France, 

Germany, Ireland, Norway, Sweden and United Kingdom (ref) [5]. Arepanrix, a similar 

AS03 adjuvanted vaccine, although authorised in the European Union, was primarily utilized 

primarily in Canada, while also Focetria, an MF59 adjuvanted vaccine was utilized in 

Europe, with approximately 6.5 million doses mainly administered to populations in Italy, 

Netherlands and Spain, and globally.

The first official report of a possible increased risk of narcolepsy following receipt of 

Pandemrix vaccine was announced in August 2010 by the Swedish Medical Products 

Agency [6,7]. Soon thereafter, a similar increase was reported by the authorities in Finland 

[8,9]. Both countries offered Pandemrix to more than 50% of their population with 

vaccination coverage in the school-based programs above 60%.

After the initial safety signals, several epidemiological studies were conducted to evaluate 

this association in Europe to ensure that all three adjuvanted vaccines were studied [10–18]. 

To better understand the available epidemiological data and associated laboratory studies a 

meeting was held in Brussels in March 2018 attended by key stakeholders. The objective of 

the meeting was to identify and formulate outstanding research questions that should be 

addressed in further studies in order to prepare for the potential use of adjuvanted pandemic 

vaccines in a future pandemic.

3. The influenza pandemic

Influenza pandemics occur when a new influenza strain evolves and circulates in humans not 

previously exposed to this strain, spreading on a worldwide scale. This frequently leads to 

widespread disease, causing excessive morbidity and mortality. At the onset of a pandemic it 

is not possible to predict the ultimate severity of the outbreak. Faced with a pandemic, the 

public health community, working with vaccine manufacturers, seeks to rapidly produce and 

administer, to as much of the population as possible, vaccines directed against the pandemic 

strain. At the onset of the 2009 H1N1 pandemic several vaccines were rapidly pursued. 

Ultimately, there were eight pandemic vaccines licensed in Europe [19], including three with 

adjuvants to enhance the immune responses and to provide antigen sparing allowing for a 

larger population being vaccinated when vaccine antigen is limited [20]. Unfortunately, due 

to the limitations of influenza vaccine manufacturing techniques, there was a five-month lag 
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period between the identification of the pandemic strain and the availability of the pandemic 

vaccines.2 Thus, wild type H1N1pdm09 circulation preceded vaccine administration in 

many countries, which means that a part of the population had already been infected by wild 

type H1N1pdm09 strain before receiving the pandemic vaccine [21].

As mentioned earlier several adjuvanted vaccines were developed in response to the 

pandemic. Pandemrix, produced by GlaxoSmithKline (GSK) in Dresden, Germany, 

contained the adjuvant AS03, which is a mix of squalene and α-tocopherol [22]. This same 

AS03 adjuvant had been previously included in avian influenza H5 and H7 vaccines where 

its safety and immunogenicity had been tested in adults but with relatively small sample 

sizes [22–24]. When AS03 was included in those avian strain vaccines, it markedly 

enhanced the immune responses and provided dose-sparing (i.e. less antigen needed to 

produce an adequate immune response). Pandemrix was widely distributed in Europe with 

an estimated 30.8 million patient doses administered in line with national procurement 

procedures [5]. In several European countries, including Sweden and Finland, Pandemrix 

was the only pandemic vaccine available for the vaccine campaigns. A similar AS03 

adjuvanted pandemic vaccine, called Arepanrix (ID Biomedical Corp., a subsidiary of GSK 

Biologicals) produced at a manufacturing site in Quebec using a slightly different 

manufacturing process, was licensed for use in Canada [25]. The third adjuvanted vaccine, 

Focetria (Novartis Vaccines and Diagnostics), contained a different squalene based adjuvant, 

MF59, and was used in some countries in Europe in line with national procurement 

procedures, but far fewer doses were distributed, i.e. 6.5 million [26].

The effectiveness of the adjuvanted vaccine in preventing laboratory confirmed influenza 

was reported to be high. In a systematic review and meta-analysis of the effectiveness of the 

2009 pandemic influenza H1N1 vaccines, Lansbury et al. reported pooled adjusted vaccine 

effectiveness against laboratory confirmed H1N1pdm09 infections with adjuvanted and 

unadjuvanted vaccines of 80% (95% confidence interval [CI] 59–90%) and 66% (95% CI 

47–78%), respectively [27]. Overall vaccine effectiveness for the prevention of influenza-

associated hospitalization was 61% (CI 14–82%). Long-term effectiveness of the adjuvanted 

vaccines was found to be approximately 91%, at two years after vaccination [28]. Thus, 

pandemic vaccines were effective in preventing the 2009 pandemic influenza and a long-

term effect was observed up to two years post-vaccination [27].

4. Narcolepsy

Narcolepsy is a rare sleep disorder that is characterized by excessive daytime sleepiness that 

persists life-long. There is also an associated disorder called cataplexy which is the abrupt 

loss of muscle tone in association with emotional situations. The diagnosis of narcolepsy-

cataplexy is confirmed by polysomnography and multiple sleep latency testing (MLST). It 

can also be confirmed with a cerebral spinal fluid determination of a hypocretin 

concentration of < 110 pg/ml. The incidence of the disorder is reported to be 1/100,000 in 

Europeans, however, the diagnosis is often delayed, making precise incidence calculations 

problematic. The peak age at onset is approximately 15 years and the syndrome is highly 

2https://www.cdc.gov/h1n1flu/cdcresponse.htm.
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correlated with presence of the HLA DQB1*0602 haplotype, with over 90% of the subjects 

with narcolepsy-cataplexy having that haplotype [29–31]. Genome wide association studies 

indicate that the cause of the disorder is likely autoimmune in nature [32].

5. Association between narcolepsy and pandemic influenza vaccines or 

influenza infection

With the announcement from the Swedish Medical Products Agency, the Finnish National 

Institute for Health and Welfare assessed their country’s situation and launched a 

retrospective cohort study. That study estimated the relative risk for narcolepsy after 

Pandemrix in children 4–19 years of age at 12.7 (95% CI 6.1–30.8) [13]. In addition, many 

other European countries conducted studies to assess the association between pandemic 

vaccines and narcolepsy, both in children and adults. The results of studies conducted in 

Europe (Finland, Germany, Ireland, England, France, the Netherlands, Norway and Sweden 

[10,12–16,18]) were recently reviewed by Sarkanen et al. who performed meta-analyses of 

their results [33]. During the first year after vaccination, the relative risk of narcolepsy was 

increased 5–14-fold in children and adolescents and 3–8-fold in adults, depending on the 

index date used. Similar elevated risk estimates were found for analyses using onset of 

symptoms as the key index date, with an overall risk of 14.32 (95% CI 8.92–22.99). The 

review concluded that a significantly elevated risk was only associated with Pandemrix [33]. 

The attributable risk for narcolepsy was estimated at 1 additional case per 18,400 doses 

administered in children and adolescents [33]. The risk of narcolepsy was also higher in 

cases with shorter delays between vaccination and onset date. No other pandemic vaccines 

except Pandemrix demonstrated clear associations with narcolepsy [33].

As there was considerable circulation of the pandemic virus in many countries before the 

vaccine was introduced, it was difficult to sort out whether immunized subjects had 

previously been infected with the wild type H1N1pdm09 strain, either asymptomatically or 

symptomatically. This was particularly important to assess in those vaccinated individuals 

who ultimately developed narcolepsy. A study from the Finland National Institute of Health 

and Welfare assessed whether patients who fell ill with narcolepsy after vaccination with 

Pandemrix had specific antibody responses to the non-structural protein 1 (NS1) from the 

H1N1pdm09 virus, which was not a component of Pandemrix vaccine [34]. Using 

quantitative Western blot analysis, only two of the 45 (4.4%) narcoleptic patients vaccinated 

with Pandemrix showed specific antibody responses against the NS1 protein from the 

H1N1pdm09 virus, suggesting that few had previously been infected with the wild type 

H1N1pdm09 virus [34]. In contrast, acute and convalescent sera (14–21 days later) from 

patients who had laboratory confirmed H1N1pdm09 infection, showed high levels of 

H1N1pdm virus NS1-specific antibodies [34]. The study concluded that “it is unlikely that 

H1N1pdm09 virus infection contributed to a sudden increase in the incidence of childhood 

narcolepsy observed in Finland in 2010 after AS03-adjuvanted Pandemrix vaccination”. 

However, the serologic studies were performed on the subjects with narcolepsy two years 

after the pandemic, while the samples on the controls were obtained contemporaneously.
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The hypothesis of the potential impact of a “dual hit” was also raised by meeting 

participants, suggesting that both vaccine administration and wild type 

H1N1pdm09infection in combination could increase the risk of narcolepsy [35]. The 

Norway study also indicated that the combined exposure to influenza and vaccination 

increased the risk ratio for narcolepsy, compared to the exposure of influenza infection alone 

or vaccination alone, suggesting a synergy [16]. However, the role of influenza should be 

viewed with caution due to underreporting of influenza disease. This hypothesis could also 

explain the presence of an association in Finland, Sweden and Norway, where the 

H1N1pdm09 circulation coincided with the vaccination programmes [35].

The SOMNIA study conducted a multi-country study in 13 different study sites located in 

nine countries [36]. This was a retrospective cohort analysis using electronic health 

databases to assess narcolepsy incidence rates before and during H1N1pdm09 virus 

circulation, and after vaccination campaigns in Canada, Denmark, Spain, Sweden, Taiwan, 

the Netherlands, and the United Kingdom. That analysis concluded that there was no overall 

change in incidence rates of narcolepsy after vaccination using any of the adjuvanted 

pandemic vaccines in any of the study sites, except Sweden and Taiwan [36]. In Sweden, 

narcolepsy incidence rate increased significantly after the start of the H1N1pdm09 

vaccination with Pandemrix, particularly in children (incidence rate ratio 9.0; 95% CI 6.9–

11.8) [36]. In Taiwan there was an increased rate of narcolepsy during the circulation of the 

wild type H1N1pdm09 virus in both children and adults prior to the vaccination campaign, 

with incidence rate ratio at 3.4 (95%CI 2.1–5.5) and 2.9 (95%CI 1.6–5.0) in the age groups 

in 5–18 and 19–59 years, respectively, but no increased risk following vaccination with 

Focetria [37]. In Canada there was no overall increased risk of narcolepsy, despite 

widespread use of the AS03-adjuvanted Arepanrix. A case control analysis was also 

conducted in Argentina, Canada, Spain, Switzerland, Taiwan, and the Netherlands, and 

identified 360 cases (150 cases in children and 210 cases in adults) and the analysis did not 

reveal an increased risk of narcolepsy in either children or adults following Arepanrix or 

Focetria [36].

The Taiwan Centers for Disease Control also conducted a case control analysis to investigate 

the relationship between narcolepsy and wild type H1N1pdm09 exposure, using patients 

recruited from sleep centers [37]. They identified 137 narcolepsy cases who met the MSLT 

criteria for narcolepsy (including 64 cases that were HLA DQB1*0602 positive). They 

matched each case to 10 population-based controls and noted a significant risk of narcolepsy 

associated with influenza-like illness in children (p = 0.014). Similar studies conducted in 

China have reported narcolepsy peaking several months after wild type influenza circulation 

with a more pronounced peak in 2010, although laboratory confirmation of influenza 

infection was not performed [38,39].

Two other studies conducted in countries where only non-adjuvanted or MF59-adjuvanted A 

(H1N1) pdm09 vaccines were used, did not detect an association with narcolepsy and 

vaccine administration. One was conducted in the Vaccine Safety Datalink in the United 

States [40] and the other, an ecologic study, conducted in South Korea [11]. However, this 

lack of association may be true or due to the longer lag time in these countries between the 

onset of symptoms and the conduct of the diagnostic MSLT test, often being months to 
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years. In contrast in China and Taiwan, the lag time between symptom onset and diagnosis is 

very short, a few weeks to months. Longer lag times make it more difficult to observe a 

temporal association between vaccine administration and narcolepsy. Partinen et al. have 

also suggested that a shorter lag time is also associated with more severe manifestations such 

as cataplexy which approximately 90% of Pandemrix vaccinated children in Finland were 

reported to exhibit [8]. The onset of narcolepsy appears more explosive in school-age 

children, while cases in adults are diagnosed later or can be more easily missed. These two 

factors might contribute to some of the differences in the observed association across age 

groups and for different time windows between vaccination and disease onset.

6. What is the potential pathogenesis?

An understanding of the pathogenesis of narcolepsy associated with Pandemrix has been 

sought and many important questions have been raised. What actually causes the damage to 

hypocretin-secreting neurons? Is this damage vaccine enhanced, wild type virus related, or is 

it a combination of both vaccine and wild type influenza infection? Is this an autoimmune 

process? What is the level of evidence? What is the significance of the association with a 

specific HLA type? Several speakers discussed this issue and provided insights.

There are no data that pathogenic auto-antibodies in pregnant women with narcolepsy have 

been transmitted to their infants, since all their infants have been born without narcolepsy 

[41]. Some have demonstrated the presence of tissue-specific autoantibodies or activated T-

cells in patients with narcolepsy, but there has been no demonstrated pathogenicity. There is 

a strong relationship between narcolepsy and HLA-DQB1 alleles, but there is evidence that 

the same HLA alleles are also associated with enhanced immune response responsiveness to 

influenza vaccines [42].

The role of wild type virus infection in narcolepsy has also been assessed as a high 

proportion of the vaccinated population was infected by the H1N1pdm09 virus before being 

vaccinated. One study, using results of published and unpublished H1N1pdm09 

seroepidemiological studies, suggested that 47% of children aged 5–19 years of age were 

infected during the pandemic [43]. In Europe, the peak of the pandemic immediately 

preceded or coincided with the mass vaccination program and in Norway, over half of the 

school children were infected before vaccination [44].

It is known that influenza viruses can infect the olfactory receptor neurons and move from 

the olfactory bulb with anterograde axonal transport into the brain. In immunodeficient 

mice, experimental intranasal administration of H1N1pdm09 was shown to infect the lateral 

hypothalamus and the hypocretin-producing neurons [45].

An alternative hypothesis is that after an immune response to a natural H1N1pdm09? 

Infection, CD8 T-cells are generated that can spread to the brain and attack the hypocretin 

neurons that are expressing H1N1pdm09 hemagglutinin [46]. Using a mouse model one 

group demonstrated that CD8 T-cells could destroy neurons in the hypothalamus with this 

loss causing manifestations similar to human narcolepsy [46]. Another group proposed that 

narcolepsy resulted from specific-antigen-associated molecular mimicry coupled with non-
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specific immunostimulation [47]. They reported that antibodies to influenza nucleoprotein 

cross-reacted to human hypocretin receptor 2 and shared motifs between influenza virus 

nucleoprotein and human hypocretin receptor 2. They also demonstrated that sera from 

narcoleptic patients who received Pandemrix had anti-hypocretin receptor 2 antibodies that 

cross-reacted to influenza nucleoprotein.

Another study presented data that autoreactive memory CD4 and CD8 positive T-cells 

specific for self-antigens expressed by hypocretin producing neurons were identified in 

narcolepsy patients and rarely in healthy controls [48]. The autoreactive memory CD4 

response was polyclonal and recognized exogenous peptides but failed to recognize whole 

proteins. Rare autoreactive CD8 T-cell clones were also present in the cerebrospinal fluid of 

the narcoleptic patients. However, they did not identify hypocretin specific T-cells in 

narcolepsy patients.

7. Parental and patient perspective

The patient perspective was presented by representatives of two national narcolepsy 

organizations, one from Ireland and one from Sweden. Patient organizations also have been 

formed in other countries. Narcolepsy has had a major impact on the lives of the affected 

individuals. They require more time to complete their schooling and experience difficulties 

in obtaining and keeping employment, with many only able to work part-time.

A European patient organization, the Pandemrix narcolepsy alliance was formed in 2013 

with patients and their affected families from Finland, Ireland, Norway, Sweden and the UK. 

They have met with the European Commissioners on Health and Consumption in 2014 and 

2016 to discuss opportunities for research support for better treatments and vaccine injury 

compensation systems [49]. Finally, it was noted that vaccine injury compensation systems 

vary significantly among the countries that offered Pandemrix in large vaccination 

campaigns with Finland, France, Norway, Sweden and United Kingdom having a 

compensation system in place while Ireland did not. In Ireland patients or their families had 

to file their claims for compensation in civil court. Several other countries had insufficient 

vaccine injury compensation systems for such a severe injury.

8. Research challenges and proposals for further research

Following a series of presentations on the state of the art of the association between 

development of narcolepsy and Pandemrix vaccination, the meeting participants were 

divided into five working groups to address research challenges and proposals for further 

studies. The groups included; epidemiologic studies, the association of narcolepsy with 

natural wild type influenza infection, the potential mechanisms of pathogenesis, the 

differences between Arepanrix and Pandemrix, and the public health responses needed 

before another pandemic. Each of these will be discussed below.

8.1. Epidemiological studies

Although many large epidemiological studies assessed the risk of narcolepsy associated with 

Pandemrix, there are remaining questions. One question relates to the time windows 
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between pandemic vaccine administration and narcolepsy onset that should be used in 

epidemiological studies. The relative risk for narcolepsy is higher for shorter windows. The 

participants also questioned whether earlier recognition of narcolepsy would result in a spike 

in the incidence, which would be followed by a compensatory drop and a subsequent return 

to baseline incidence. Studies from Finland and England are completed but additional 

studies in Sweden, Norway, Ireland, Germany and Canada could be useful to assess the 

impact of different time windows.

The “dual hit” hypothesis, which suggests that both exposure to natural H1N1pdm09 

infection and to adjuvanted vaccine receipt would have a synergetic effect, should be further 

evaluated using existing sera collected from different populations. Pooling of data and 

conducting additional meta-analyses was debated. It would increase statistical power to 

detect associations, could include non-European countries and allow longer follow-up, but 

would reduce the number of covariates (due to missing data) and would hide the large 

heterogeneities across countries and populations.

Prospective studies collecting sera at different time points during and after the pandemic, 

from various age groups with low vaccine coverage and including subjects with confirmed 

natural influenza infection should be evaluated to determine the kinetics of the decay of NS1 

antibodies. Investment in creating large linked databases would allow for rapid data sharing, 

and real-time monitoring of safety signals. These databases could also provide rapid and 

accurate information on population exposure to a pandemic vaccine by age, risk group and 

product type. Multinational data sharing systems could be used for signal generation and 

algorithms could be developed to identify prespecified conditions of known interest (e.g., 

neurologic conditions such as Guillain-Barré syndrome and narcolepsy). However, since the 

vaccines used in the next pandemic could give rise to other completely unexpected severe 

adverse events (SAEs), artificial intelligence techniques and machine learning could be 

deployed to search databases and identify unique symptom clusters that could herald a new 

adverse event. Such systems could also generate expected rates for various conditions and 

ideally generate real-time vaccine effectiveness estimates to facilitate benefit/risk 

assessments of the vaccines.

Even if such infrastructure was established pre-pandemic with agreed upon protocols for 

multi-country data sharing and ground rules for conducting hypothesis testing studies, high 

quality country-specific studies would still be needed to investigate signals. These studies 

should incorporate local clinicians and epidemiologists who are best placed to understand 

the diagnostic pathways and potential biases and confounders that may be operative in their 

own local and country-level settings. Similarly, while machine learning, and symptom 

algorithms could be useful for signal generation, they would not obviate the need to ensure 

that clinicians are alert to the potential for novel unexpected adverse events and to report 

these promptly to regulatory or licensing authorities. Reporting clinicians should also be 

encouraged to take and store serum samples and potentially cells from cases of suspected 

SAEs to facilitate hypothesis testing if specific problems emerge. While both ECDC and 

EMA performed their own supra-national roles in the last pandemic, there is still room to 

improve collaboration in data sharing between the two entities. Also as a condition of 

licensure, EMA requires manufacturers to conduct their own post marketing safety and 
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effectiveness studies. However, these studies can often only be done by public health 

institutes who have a similar responsibility for the acquisition of safety data. Vaccine 

manufacturers should also work to identify and report adverse events after immunization. 

Improved ways of collaborating between public funded and for-profit organizations should 

be in place before the next pandemic and could use the experience and protocols developed 

by the EU-funded ADVANCE (Accelerated development of vaccine benefit-risk 

collaboration in Europe) project as a model.

8.2. Association between narcolepsy and wild type influenza virus infection

Confirmation of an association of narcolepsy with wild type virus would further our 

understanding of the role of influenza antigens in the causation of narcolepsy and potentially 

impact studies of the mechanism of action of vaccine adjuvants. Several specific questions 

are summarized in Table 1.

8.3. Mechanisms of pathogenesis

Three key aspects were considered in discussing pathogenesis; the vaccine components, the 

wild type virus, and the time window between infection and vaccination. Participants 

proposed future studies including; DQ0602 restricted CD4+ and CD8+ T-cell influenza 

epitopes in in-vitro/ex-vivo analysis, binding of human T-cells to soluble HLA, comparative 

binding of epitopes to DQ002+, DQ0603+ (protective) and non-DQ 602 alleles, and 

screening responses to key influenza antigens (hemagglutinin, neuraminidase, 

nucleoprotein). In addition, responses to multiple seasonal and pandemic influenza viruses 

(H1N1pdm09, H3, H5, H7) and the antibody landscape to various influenza strains (H1 vs 

H3) in individuals with DQ 602+, DQ603 + and non-DQ 602 should be assessed. T-cell and 

antibody responses to H1N1 in patients with narcolepsy compared to controls should also be 

evaluated. Studies could be conducted on the influenza virus by elaborating a regional map 

of the influenza viruses that circulated in China in the geographic area where narcolepsy was 

detected and the tropism of that virus for the olfactory bulb and central nervous system in 

animal models. The time window between infection and vaccination in narcolepsy cases 

needs to be carefully assessed with the potential for ferret or other animal models to be 

pursued. Finally dissecting the differences in the immune-response to influenza infection 

and vaccination with both unadjuvanted and adjuvanted vaccines should be further pursued. 

See summaries in Tables 2 and 4.

8.4. Differences between Pandemrix and Arepanrix

The general consensus of the meeting was that there was an increased risk of narcolepsy 

consistently observed after Pandemrix. However, the risk of narcolepsy after Arepanrix was 

considered from low to none. Only one small study from Quebec suggested an increased risk 

of narcolepsy after Arepanrix [50]. The differences either in the vaccine, in the populations 

in which vaccines were utilized or in the circulation of the wild type virus with respect to the 

timing of vaccination campaigns were considered as likely factors that might explain the 

differences between the two vaccines. These issues are summarized in Table 2.
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8.5. Data needed for informed decision making in the public health response to a 
potential pandemic threat

A successful public health response to an influenza pandemic requires coordinated efforts at 

the international, national, regional, state, and local levels. Furthermore, it requires input and 

coordination among the scientific and medical communities, public health and regulatory 

authorities, elected and appointed government officials, emergency responders, community 

organizations, and the public. A number of public health actions and responses were 

proposed for future pandemics. These are summarized in Table 3.

9. Conclusions and recommendations

The association between the receipt of Pandemrix and the development of narcolepsy has 

been consistent in the countries in which it has been studied. The observed risks differed 

somewhat across settings and the potential reasons for these differences include; individual 

country vaccination policies and vaccination coverage levels, total number of vaccines 

administered to the population, genetics, environmental factors, awareness and detection 

biases, case definitions and case finding. There are no clear associations observed between 

development of narcolepsy and the other pandemic adjuvanted vaccines.

Further epidemiological and fundamental basic research needs to continue and be supported. 

The laboratory studies that should be addressed are summarized in Table 4.

The public health response during a pandemic is critical. Communication needs to be 

enhanced and the medical and public health community need to rely on the lessons learned 

from this pandemic to prepare for the next. Preparedness should go beyond the concerns 

about narcolepsy. In particular:

Epidemiological research requires that international collaboration mechanisms, 

infrastructure, capacity for data sharing and large linked database systems with comparable 

data should be built;

The question of pooling past and future data needs further discussion for agreement; Sharing 

human samples should be explored but must be respectful of confidentiality and informed 

consent issues.

Finally, research on therapeutic options for patients with narcolepsy should be supported and 

clinicians skilled at dealing with narcolepsy should be available to affected patients.
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Abbreviations

ADVANCE Accelerated development of vaccine benefit-risk collaboration in 

Europe

AS03 Antigen System 03

BARDA Biomedical Advanced Research and Development Authority

CDC CDC: Centers for Disease Control and Prevention

ECDC European Centre for Disease Prevention and Control

EMA the European Medicines Agency

FDA US Food and Drug Administration

GSK GlaxoSmithKline

H1N1pdm09 influenza A H1N1 strain from the 2009 pandemic

HLA human leukocyte antigen

IABS International Alliance for Biological Standardization

MSLT multiple sleep latency testing

NS1 non-structural protein 1

PBMC peripheral blood mononuclear cells

SAE severe adverse events

SOMNIA Systematic Observational Method for Narcolepsy and Influenza 

Immunization Assessment

WHO World Health Organization

References

[1]. Johansen K, Brasseur D, MacDonald N, Nohynek H, Vandeputte J, Wood D, et al. Where are we 
in our understanding of the association between narcolepsy and one of the 2009 adjuvanted 
influenza A (H1N1) vaccines? Biologicals 2016;44:276–80. [PubMed: 27329008] 

[2]. Centers for Disease Control Prevention. Update: novel influenza A (H1N1) virus infections -
worldwide, May 6, 2009. MMWR Morbid Mortal Week Rep 2009;58:453–8.

[3]. World Health Organization. Pandemic (H1N1) 2009—update 89 In: WHO, editor. Weekly 
update2010.

[4]. Chlibek R, Anca I, Andre F, Bakir M, Ivaskeviciene I, Mangarov A, et al. Central European 
Vaccination Advisory Group (CEVAG) guidance statement on recommendations for 2009 
pandemic influenza A(H1N1) vaccination. Vaccine 2010;28:3758–66. [PubMed: 20380902] 

[5]. Twenty-second pandemic pharmacovigilance update. European Medecines Agency; 2010.

[6]. Swedish Medical Products Agency (MPA). M.P.Aeditor. The MPA investigates reports of 
narcolepsy in patients vaccinated with Pandemrix. 2010 Uppsala, Sweden, Accessed date: 18 
August 2010.

Edwards et al. Page 12

Biologicals. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[7]. Feltelius N, Persson I, Ahlqvist-Rastad J, Andersson M, Arnheim-Dahlstrom L, Bergman P, et al. 
A coordinated cross-disciplinary research initiative to address an increased incidence of 
narcolepsy following the 2009–2010 Pandemrix vaccination programme in Sweden. J Intern Med 
2015;278:335–53. [PubMed: 26123389] 

[8]. Partinen M, Saarenpää-Heikkilä O, Ilveskoski I, Hublin C, Linna M, Olsén P, et al. Increased 
incidence and clinical picture of childhood narcolepsy following the 2009 H1N1 pandemic 
vaccination campaign in Finland. PLoS One 2012;7:e33723. e.

[9]. Finnish National Institute for Health and Welfare website (THL). FNIfHaWeditor. National 
institute for health and Welfare recommends discontinuation of Pandemrix vaccinations. 2010. 
website.

[10]. Bardage C, Persson I, Ortqvist A, Bergman U, Ludvigsson JF, Granath F. Neurological and 
autoimmune disorders after vaccination against pandemic influenza A (H1N1) with a monovalent 
adjuvanted vaccine: population based cohort study in Stockholm, Sweden. BMJ 2011;343:d5956. 
[PubMed: 21994316] 

[11]. Choe YJ, Bae GR, Lee DH. No association between influenza A(H1N1)pdm09 vaccination and 
narcolepsy in South Korea: an ecological study. Vaccine 2012;30:7439–42. [PubMed: 23088885] 

[12]. Miller E, Andrews N, Stellitano L, Stowe J, Winstone AM, Shneerson J, et al. Risk of narcolepsy 
in children and young people receiving AS03 adjuvanted pandemic A/H1N1 2009 influenza 
vaccine: retrospective analysis. BMJ 2013;346:f794. [PubMed: 23444425] 

[13]. Nohynek H, Jokinen J, Partinen M, Vaarala O, Kirjavainen T, Sundman J, et al. AS03 adjuvanted 
AH1N1 vaccine associated with an abrupt increase in the incidence of childhood narcolepsy in 
Finland. PLoS One 2012;7:e33536.

[14]. Oberle D, Pavel J, Mayer G, Geisler P, Keller-Stanislawski B, German Narcolepsy Study G. 
Retrospective multicenter matched case-control study on the risk factors for narcolepsy with 
special focus on vaccinations (including pandemic influenza vaccination) and infections in 
Germany. Sleep Med 2017;34:71–83. [PubMed: 28522102] 

[15]. O’Flanagan D, Barret AS, Foley M, Cotter S, Bonner C, Crowe C, et al. Investigation of an 
association between onset of narcolepsy and vaccination with pandemic influenza vaccine, 
Ireland April 2009-December 2010. Euro Surveill 2014;19:15–25. [PubMed: 24821121] 

[16]. Trogstad L, Bakken IJ, Gunnes N, Ghaderi S, Stoltenberg C, Magnus P, et al. Narcolepsy and 
hypersomnia in Norwegian children and young adults following the influenza A(H1N1) 2009 
pandemic. Vaccine 2017;35:1879–85. [PubMed: 28302408] 

[17]. Tsai TF, Crucitti A, Nacci P, Nicolay U, Della Cioppa G, Ferguson J, et al. Explorations of 
clinical trials and pharmacovigilance databases of MF59(R)-ad-juvanted influenza vaccines for 
associated cases of narcolepsy. Scand J Infect Dis 2011;43:702–6. [PubMed: 21534891] 

[18]. Wijnans L, Lecomte C, de Vries C, Weibel D, Sammon C, Hviid A, et al. The incidence of 
narcolepsy in Europe: before, during, and after the influenza A(H1N1) pdm09 pandemic and 
vaccination campaigns. Vaccine 2013;31:1246–54. [PubMed: 23246544] 

[19]. Mereckiene J, Cotter S, Weber JT, Nicoll A, apos, Ancona F, et al. Influenza A(H1N1)pdm09 
vaccination policies and coverage in Europe. Euro Surveill 2012;17:20064. [PubMed: 22297139] 

[20]. Launay O, Duval X, Fitoussi S, Jilg W, Kerdpanich A, Montellano M, et al. Extended antigen 
sparing potential of AS03-adjuvanted pandemic H1N1 vaccines in children, and immunological 
equivalence of two formulations of AS03-adjuvanted H1N1 vaccines: results from two 
randomised trials. BMC Infect Dis 2013;13:435. [PubMed: 24041010] 

[21]. CDC. Prevention CfDCa, editor. The 2009 H1N1 pandemic: summary highlights, April 2009-
april 2010. 2010.

[22]. Johansen K, Nicoll A, Ciancio BC, Kramarz P. Pandemic influenza A(H1N1) 2009 vaccines in 
the European Union. Euro Surveill 2009;14:19361. [PubMed: 19883538] 

[23]. Carter NJ, Plosker GL. Prepandemic influenza vaccine H5N1 (split virion, in-activated, 
adjuvanted) [Prepandrix]: a review of its use as an active immunization against influenza A 
subtype H5N1 virus. BioDrugs: Clin. Immunotherapeut., Biopharmaceut. Gene Therapy 
2008;22:279–92.

[24]. Jackson LA, Campbell JD, Frey SE, Edwards KM, Keitel WA, Kotloff KL, et al. Effect of 
varying doses of a monovalent H7N9 influenza vaccine with and without AS03 and MF59 

Edwards et al. Page 13

Biologicals. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adjuvants on immune response: a randomized clinical trial. Jama 2015;314:237–46. [PubMed: 
26197184] 

[25]. Jacob L, Leib R, Ollila HM, Bonvalet M, Adams CM, Mignot E. Comparison of Pandemrix and 
Arepanrix, two pH1N1 AS03-adjuvanted vaccines differentially associated with narcolepsy 
development. Brain Behav Immun 2015;47:44–57. [PubMed: 25452148] 

[26]. Esposito S, Pugni L, Daleno C, Ronchi A, Valzano A, Serra D, et al. Influenza A/ H1N1 MF59-
adjuvanted vaccine in preterm and term children aged 6 to 23 months. Pediatrics 
2011;127:e1161–8. [PubMed: 21464195] 

[27]. Lansbury LE, Smith S, Beyer W, Karamehic E, Pasic-Juhas E, Sikira H, et al. Effectiveness of 
2009 pandemic influenza A(H1N1) vaccines: a systematic review and meta-analysis. Vaccine 
2017;35:1996–2006. [PubMed: 28302409] 

[28]. Örtqvist Å, Bennet R, Hamrin J, Rinder MR, Lindblad H, Öhd JN, et al. Long term effectiveness 
of adjuvanted influenza A(H1N1)pdm09 vaccine in children. Vaccine 2015;33:2558–61. 
[PubMed: 25869891] 

[29]. Ollila HM, Ravel JM, Han F, Faraco J, Lin L, Zheng X, et al. HLA-DPB1 and HLA class I confer 
risk of and protection from narcolepsy. Am J Hum Genet 2015;96:136–46. [PubMed: 25574827] 

[30]. Tafti M, Hor H, Dauvilliers Y, Lammers GJ, Overeem S, Mayer G, et al. DQB1 locus alone 
explains most of the risk and protection in narcolepsy with cataplexy in Europe. Sleep 
2014;37:19–25. [PubMed: 24381371] 

[31]. Han F, Lin L, Schormair B, Pizza F, Plazzi G, Ollila HM, et al. HLA DQB1*06:02 negative 
narcolepsy with hypocretin/orexin deficiency. Sleep 2014;37:1601–8. [PubMed: 25197808] 

[32]. Han F, Faraco J, Dong XS, Ollila HM, Lin L, Li J, et al. Genome wide analysis of narcolepsy in 
China implicates novel immune loci and reveals changes in association prior to versus after the 
2009 H1N1 influenza pandemic. PLoS Genet 2013;9:e1003880.

[33]. Sarkanen TO, Alakuijala APE, Dauvilliers YA, Partinen MM. Incidence of narcolepsy after 
H1N1 influenza and vaccinations: systematic review and meta-analysis. Sleep Med Rev 
2018;38:177–86. [PubMed: 28847694] 

[34]. Melen K, Partinen M, Tynell J, Sillanpaa M, Himanen SL, Saarenpaa-Heikkila O, et al. No 
serological evidence of influenza A H1N1pdm09 virus infection as a contributing factor in 
childhood narcolepsy after Pandemrix vaccination campaign in Finland. PLoS One 
2013;8:e68402.

[35]. Sturkenboom MCJM. The narcolepsy-pandemic influenza story: can the truth ever be unraveled? 
Vaccine 2015;33:B6–13. [PubMed: 26022571] 

[36]. Weibel D, Sturkenboom M, Black S, de Ridder M, Dodd C, Bonhoeffer J, et al. Narcolepsy and 
adjuvanted pandemic influenza A (H1N1) 2009 vaccines – multi-country assessment. Vaccine 
2018;36:6202–11. [PubMed: 30122647] 

[37]. Huang W-T, Huang Y-S, Hsu C-Y, Chen H-C, Lee H-C, Lin H-C, et al. Narcolepsy and 2009 
H1N1 pandemic vaccination in Taiwan. Sleep Med 2018 11 10.1016/j.sleep.2018.10.036. pii: 
S1389–9457(18)30567–7, [Epub ahead ofprint].

[38]. Wu H, Zhuang J, Stone WS, Zhang L, Zhao Z, Wang Z, et al. Symptoms and occurrences of 
narcolepsy: a retrospective study of 162 patients during a 10-year period in eastern China. Sleep 
Med 2014;15:607–13. [PubMed: 24767723] 

[39]. Han F, Lin L, Warby SC, Faraco J, Li J, Dong SX, et al. Narcolepsy onset is seasonal and 
increased following the 2009 H1N1 pandemic in China. Ann Neurol 2011;70:410–7. [PubMed: 
21866560] 

[40]. Duffy J, Weintraub E, Vellozzi C, DeStefano F. Vaccine Safety D. Narcolepsy and influenza 
A(H1N1) pandemic 2009 vaccination in the United States. Neurology 2014;83:1823–30. 
[PubMed: 25320099] 

[41]. Calvo-Ferrandiz E, Peraita-Adrados R. Narcolepsy with cataplexy and pregnancy: a case-control 
study. J Sleep Res 2018;27:268–72. [PubMed: 28568319] 

[42]. Gelder CM, Lambkin R, Hart KW, Fleming D, Williams OM, Bunce M, et al. Associations 
between human leukocyte antigens and nonresponsiveness to influenza vaccine. J Infect Dis 
2002;185:114–7. [PubMed: 11756990] 

Edwards et al. Page 14

Biologicals. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[43]. Van Kerkhove MD, Hirve S, Koukounari A, Mounts AW, HNpsw group. Estimating age-specific 
cumulative incidence for the 2009 influenza pandemic: a meta-analysis of A(H1N1)pdm09 
serological studies from 19 countries. Influenza Other Respirat Viruses 2013;7:872–86. 
[PubMed: 23331969] 

[44]. Van Effelterre T, Dos Santos G, Shinde V. Twin peaks: A/H1N1 pandemic influenza virus 
infection and vaccination in Norway. PLoS One 2016;11:e0151575. 2009–2010.

[45]. Tesoriero C, Codita A, Zhang MD, Cherninsky A, Karlsson H, Grassi-Zucconi G, et al. H1N1 
influenza virus induces narcolepsy-like sleep disruption and targets sleep-wake regulatory 
neurons in mice. Proc Natl Acad Sci U S A 2016;113:E368–77. [PubMed: 26668381] 

[46]. Bernard-Valnet R, Yshii L, Queriault C, Nguyen XH, Arthaud S, Rodrigues M, et al. CD8 T cell-
mediated killing of orexinergic neurons induces a narcolepsy-like phenotype in mice. Proc Natl 
Acad Sci U S A 2016;113:10956–61. [PubMed: 27621438] 

[47]. Ahmed SS, Volkmuth W, Duca J, Corti L, Pallaoro M, Pezzicoli A, et al. Antibodies to influenza 
nucleoprotein cross-react with human hypocretin receptor 2. Sci Transl Med 2015;7:294ra105.

[48]. van der Most R, Van Mechelen M, Destexhe E, Wettendorff M, Hanon E. Narcolepsy and 
A(H1N1)pdm09 vaccination: shaping the research on the observed signal. Hum Vaccines 
Immunother 2014;10:572–6.

[49]. Hennessy M Families affected by swine flu jab to demand action from EU health commissioner. 
2014.

[50]. Montplaisir J, Petit D, Quinn MJ, Ouakki M, Deceuninck G, Desautels A, et al. Risk of 
narcolepsy associated with inactivated adjuvanted (AS03) A/H1N1 (2009) pandemic influenza 
vaccine in Quebec. PLoS One 2014;9:e108489.

Edwards et al. Page 15

Biologicals. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Edwards et al. Page 16

Table 1

Identified questions that could be addressed in retrospective and prospective epidemiological studies in 

populations with natural influenza infection and/or exposure to adjuvanted pandemic vaccines.

• Is there seasonality in narcolepsy related to influenza and does this exist every year or are there some years that are more prominent than 
others? Are all population equally affected?

• What was the risk window following Pandemrix vaccination for developing narcolepsy and cataplexy, respectively? Any difference observed 
by age groups?

• Could a “dual-hit” with vaccination before or after a natural influenza A H1N1pdm09 infection in European and non-European settings 
explain development of narcolepsy/cataplexy following use of Pandemrix and other adjuvanted pandemic vaccines?

• Could analyses be stratified by different outcomes, exposures and case characteristics, e.g. confirmed diagnosis of narcolepsy, natural H1N1 
infections, different time lags between vaccination and narcolepsy, and age?

• Could a compensatory drop in narcolepsy incidence be observed following the increase in incidence be observed?

• Could associations of vaccine administration or wild type influenza infection be assessed in additional populations/countries/years via case-
control or cohort studies? Were there narcolepsy clusters following the previous pandemics including 1918–1920 with H1N1, in 1957–1958 
with H2N2, and in 1968–1969 with H3N2?

• Could large health care database research be utilized to evaluate retrospective or real-time pandemic vaccine safety and effectiveness by 
vaccine brand during the 2009 pandemic and future pandemics?

• How could studies on vaccine safety and effectiveness involving all stakeholders be facilitated and adequately funded in the next pandemic?
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Table 2

Identified questions that could be addressed in epidemiological studies on the differences between Pandemrix 

and Arepanrix and the association with narcolepsy.

• Is there a difference in the background incidence of narcolepsy between the populations that received Pandemrix and Arepanrix that could 
explain the observed difference in vaccine associated narcolepsy?

• Is there a difference in the expression of the HLA-DQB1*06:02 allele and other HLA types in the populations that received Pandemrix and 
Arepanrix?

• Was there a difference in the time window between vaccination and infection in populations receiving Pandemrix and Arepanrix?

• Could the risk be assessed at the individual level by comparing the risk of narcolepsy according to timing of vaccination relative to infection 
(before, same time, or after) and for each individual calculate recent exposure and interaction of the vaccine effect could be assessed?
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Table 3

Preparedness data needed for informed decision making in the public health response to a potential pandemic 

threat.

• Public health communication plans should be developed in anticipation of future influenza pandemics. Content should include disease 
epidemiology, regulatory processes for licensure, the rationale for age-and risk-based vaccine recommendations, and how vaccine safety and 
effectiveness will be monitored. Information should also be effectively transferred from national and regional levels to local and community 
levels and ultimately to the provider and patient levels.

• Large linked database systems should be built to conduct near real-time active vaccine safety and effectiveness monitoring during a global 
influenza pandemic vaccination campaign.

• Vaccine registries should be established, either within monitoring systems or at the national, regional, or state/provincial levels. There would 
optimally be bidirectional communication capability between registries and the large linked database systems to enhance capture of vaccine 
exposure for safety and effectiveness monitoring.

• Methods, outcomes, and risk and control intervals for adverse events should be standardized and surveillance systems should incorporate 
procedures for rapid chart access and data sharing to evaluate potential safety signals.

• Clinical trials and licensure of adjuvanted pre-pandemic (i.e., pandemic candidate) vaccines should be encouraged in advance of a pandemic. 
These should give consideration to the inclusion of children, the elderly, those with chronic illnesses, pregnant women, and include sufficient 
racial and ethnic minorities to be representative of the general population. It was however recognized that the ethics including vulnerable groups 
in such trials in the absence of a pandemic would require careful consideration.

• Modeling should be used to evaluate the benefit-risk balance when limited data are available.

• The roles, responsibilities, and authority of international, European, national, state/provincial, and local public officials should be clarified in 
advance of a pandemic influenza response and continuously reinforced and communicated to stakeholders and the public during the actual 
pandemic.

• National and when relevant international committees to investigate and promptly review vaccine adverse events of importance should be 
constituted during a pandemi influenza campaign.

• Compensation policies should be developed at the national level in advance of a future pandemic for individuals or parents who believe they or 
their children have suffered an injury from receipt of a recommended pandemic influenza vaccine. The process for developing policies should 
be transparent and preferably would include consideration of wide stakeholder input (public, healthcare providers, public health officials, etc.).
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Table 4

Identified questions that could be addressed in laboratory studies in populations after natural influenza 

infections and/or vaccination with adjuvanted pandemic vaccines.

• What are the kinetics of the decay of NS1 antibodies following a natural influenza infection?

• Is there a difference in the immune response to a natural influenza infection or influenza vaccination in individuals expressing the HLA-
DQB1*06:02 allele compared to other HLA types?

• Is the HLA-DQB1*06:02 allele linked to both vaccine or wild type virus associated narcolepsy?

• Is there a difference in the immune response to an adjuvanted vs a nonadjuvanted influenza vaccination in individuals expressing the HLA-
DQB1*06:02 allele compared to other HLA types?

• Could questions about the HLA relationship be assessed using peripheral blood mononuclear cells (PBMC) stimulated with various pandemic 
strains and measurement of T-cell responses based on HLA status?

• Could bio-banked sera and PBMC from confirmed natural H1N1 infections be analyzed based on HLA status and could new clinical studies 
with PBMC stimulation or antibody measurements following vaccination be assessed based on HLA status?

• What was the role of the different vaccine components for pathogenesis of narcolepsy/cataplexy?

• What differences in the antigen content and related immune response was observed following vaccination with Pandemrix and Arepanrix?
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