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March 2009 saw the emergence of a pandemic influenza virus in Mexico and the United 

States (1). In the months following, vaccines were developed in order to protect the 

population against the potential effects of this novel influenza virus, now known as the 

H1N1pdm09 virus. At the level of the drug regulatory agencies much effort was put into 

ensuring timely licensing of these vaccines. Due to the nature of pandemic influenza, 

uncertainties surrounding the benefit risk balance for pandemic influenza vaccines remained 

at the time of licensing - in particular regarding those vaccines with novel constructs or with 

constructs for which experience was limited. These uncertainties were addressed in the post-

licensure phase through additional studies or alternative monitoring efforts. Whilst the 

monitoring of the effectiveness and safety of vaccines is challenging under most 

circumstances this is particularly the case when vaccination is rolled out on an unprecedented 

scale within a developing pandemic as was seen in the 2009/2010 H1N1 pandemic. 

This thesis deals with the evaluation of the benefits and risks of H1N1pdm09 vaccines after 

licensing. The general introduction provides a background on pandemic influenza, influenza 

vaccines and touches on the regulation of pandemic influenza vaccines in Europe highlighting 

the importance of thorough monitoring of the benefit risk balance of pandemic influenza 

vaccines post-licensure and illustrating the challenges that are faced during the post-

licensure evaluation of pandemic influenza vaccines. 

Pandemic  I n f l uenza  

Influenza is an acute viral disease of the respiratory tract caused by enveloped ribonucleic 

acid (RNA) viruses of the family of Orthomyxoviridae. Influenza viruses belong to three 

genera: influenza A, B and C. Influenza B and C predominantly infect humans, whilst 

influenza A viruses also infects a wide variety of animals including birds, pigs, horses, whales 

and seals. This makes that influenza A viruses are capable of causing pandemics. 

Influenza A viruses are formed of an envelope in which two main glycoproteins are 

embedded: haemagglutinin (HA) and neuraminidase (NA). The envelope surrounds the viral 

RNA genome which consists of eight strands of RNA, each encoding for one or two proteins. 

There is one RNA strand which codes for the haemagglutinin surface protein and one which 

codes for the neuraminidase surface protein. Influenza A viruses are characterised by the 

HA and NA - for example an ‘H1N1 virus’ or ‘H3N2 virus’. Up to now, 18 HA and 11 NA 

subtypes have been identified (2). Of these sustained transmission in humans is seen for three 

HA subtypes (H1, H2, H3) and two NA subtypes (N1, N2) (3, 4). Other subtypes primarily 

infect birds, however they can occasionally infect mammals as illustrated by the H5N1 and 

H7N9 infections in humans (5-7). 

Protection against infection with influenza is mediated through antibodies against the 

haemagglutinin and neuraminidase surface proteins. As antibodies latch on to surface 
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proteins they prevent the influenza viruses from infecting cells and thus protect the tissue, 

organs and organisms from becoming diseased (8). Influenza viruses need to infect host cells 

in order to propagate. The viruses use the infrastructure of the host cell to copy the genome 

and produce new viruses. The copying of the genome is however an error-prone process and 

point mutations in genes coding for H and N arise frequently. As these mutations can result in 

a change in the shape of the H or N surface proteins, whereby existing antibodies are no 

longer able to prevent that virus from infecting cells, new antigenic variants can emerge 

which are capable of evading the protective immune response. This process is called 

antigenic drift and is the reason why we can get infected with influenza every few years 

and why influenza vaccines need updating almost annually.  

Pandemics arise not from antigenic drift but from the reassortment of viruses, a process 

called antigenic shift which is described in more detail below, or from the introduction of a 

zoonotic – or otherwise new - influenza virus in the human population. When a host cell is 

infected simultaneously by two distinct influenza viruses re-assortment of the two viruses can 

take place. In other words, the viruses could exchange their RNA strands and by doing so 

acquire new antigenic properties – antigenic shift. In theory the newly formed virus could 

exhibit surface proteins which are new to the human population whilst maintaining other 

characteristics enabling human to human transmission (4). As the surface proteins would be 

new to humans, there would be no pre-existing antibodies and thus humans would be 

immunologically naïve. Consequently the virus could spread freely throughout the population 

in what is commonly understood as a pandemic: 'an epidemic occurring worldwide, or over a 

very wide area, crossing international boundaries and usually affecting a large number of  

people' (9).  

During the 20th century, four influenza pandemics have been documented (10). The 1918 

influenza A(H1N1) pandemic, mostly referred to as the Spanish flu, has been the most 

deadly influenza pandemic ever documented resulting in an estimated 40 million deaths, 

with high death rates among healthy adults. The Asian (H2N2) and Hong-Kong (H3N2) 

pandemics of 1957 and 1968 were associated with considerable morbidity, although unlike 

the 1918 pandemic, deaths were mostly in young children and elderly. The 1977 pandemic 

concerned influenza A(H1N1) virus that was antigenically similar to viruses which circulated 

in the 1950s. As a consequence, people who were over 20 years of age at the time of the 

1977 pandemic possessed antibodies to the virus and thus infection and illness was mostly 

confined to children and adolescents. It is now thought that this virus was accidentally 

released from a laboratory freezer (10).  

Whilst the 1957 and 1968 pandemics were classic examples of reassortment of human 

influenza viruses with avian influenza viruses, the 1918 pandemic influenza strain was not 

the result of reassortment. Genetic sequencing has pointed out that all eight genes of the 
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H1N1 virus are closely related to avian influenza viruses (11, 12). Therefore rather than 

originating from reassortment of an avian influenza strain with a human influenza strain, it 

appears likely that avian influenza viruses infected humans and adapted to enable person 

to person transmission eventually resulting in a pandemic (13-15).  

Pandemic  p reparednes s  

At the end of the 20th century, reports of highly pathogenic H5N1, and to a lesser degree 

H9N2, avian influenza transmission from birds to people (16, 17) demonstrated that a 

threat of an influenza pandemic as experienced in 1918 still existed (18). Although there 

has always been academic interest in pandemic influenza, it was never high on the agenda 

of policy (19). With an identifiable risk emerging, pandemic influenza moved up the priority 

lists and pandemic preparedness became a topic of contemporary concern. 

The first pandemic preparedness plan was drafted by the WHO in 1999 (20). Increased 

efforts were put into establishing and upgrading surveillance systems, stockpiling of antiviral 

drugs, scaling up vaccine production, preparing for the licensing of potential pandemic 

influenza vaccines and planning for distribution of drugs and vaccines (21-24). It took just 

over 10 years before these pandemic preparedness plans were put to the test. The first 

pandemic of the 21st century was however not caused by a highly pathogenic H5N1 

influenza strain or re-assortment thereof. 

The first pandemic of the 21st century 

In March 2009 transmission of a novel influenza A(H1N1) strain - H1N1pdm09 - was 

reported in Mexico and the United States (US) (1). With increased circulation of 

H1N1pdm09 information on its origin and structure became available, leading to evidence 

that at least parts of the virus had been experienced previously by a part of the human 

population (25). The H1N1pdm09 virus induced a recall response boosting pre-existing 

heterosubtypic antibody responses to the HA surface protein resulting in protection in older 

people (25, 26).  

Despite the fact that parts of the population were not immunologically naïve, the 

H1N1pdm09 virus could not be considered similar to a regular seasonal influenza epidemic. 

The virus proved lethal in previously healthy individuals as well as in those with pre-existing 

risk factors, and affecting mainly the younger part of the population (27-29).  

As the virus spread across the world, vaccines were being produced and licensed at an 

unprecedented scale and speed. In Europe adjuvanted and non-adjuvanted H1N1pdm09 

vaccines were licensed through fast track procedures (30), with the first centrally registered 

vaccines licensed at the end of September 2009 (31).  
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I n f l uenza  vacc i ne s  

Discoveries that heralded the development of influenza vaccines include the isolation of the 

influenza A virus in the 1930-s (32), the propagation of influenza viruses in embryonated 

hen’s eggs (33) and the uncovering of the role of viral haemagglutination in influenza 

transmission (34, 35). These important initial steps eventually resulted in the characterisation 

of influenza viruses and the immune response to immunisation, as well as the development 

and testing of different vaccine constructs and ultimately the production and use of influenza 

vaccines.  

Influenza vaccines are based either on inactivated virus, i.e. dead virus material, or on live 

viruses that have been attenuated such that they can no longer cause disease. 

Conventionally, influenza vaccines are produced using an egg-based platform. There are 

now several influenza vaccines which are produced with a cell culture platform, i.e. in which 

the virus is propagated on cell lines (36). 

I na c t i va t ed  va c c i n e s  

Vaccines based upon inactivated virus include split vaccines, subunit vaccines, and 

inactivated whole-virus vaccines. In primed populations these vaccines are generally given 

as a single dose containing 15µg of each virus strain. For seasonal influenza vaccines which 

generally contain three different strains (H1N1, H3N2 and B) this would amount to 45 µg. 

Recently quadrivalent seasonal influenza vaccines have been approved containing an 

additional B-strain (37-40). 

L i v e  va c c i n e s  

Whilst live attenuated influenza vaccines (LAIVs) were being developed alongside the 

inactivated vaccines, the use of LAIVs was restricted to Russia until 2003 when a LAIV was 

licensed in the US (41). In Europe, the first LAIV was not licensed until 2010 (42). As LAIVs 

are delivered intranasally to the mucosal surfaces of the upper respiratory tract it is thought 

that the immune response to these vaccines mimics the immune response following natural 

infection resulting in broader and longer protection than inactivated vaccines which are 

delivered intramuscularly.  

Ad j uvan t ed  va c c i n e s  

It is commonly accepted that influenza vaccines are the most effective intervention to prevent 

influenza (43). It is similarly recognised that the protective efficacy of conventional vaccines 

can be improved and might not be satisfactory for specific target groups. Additionally, the 

production capacity for influenza vaccines worldwide is limited and would not serve the 

entire population at risk when faced with a pandemic. Developments to improve the immune 
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response to conventional influenza vaccines include high-dose vaccines, intradermal 

vaccination and adjuvanted vaccines.  

High-dose vaccines, with an increased HA content, have been developed to improve 

immunogenicity and thus assumedly efficacy, however these do not address the production 

capacity limitations. Developments that do address this include the delivery of the vaccine 

through alternative routes, notably intradermal vaccination, and the introduction of adjuvants 

into vaccines. Adjuvants, as the term is used here, are components that are added to 

vaccines to enhance the immune response. An example of a widely used adjuvant is 

aluminium salts.  

Experience with adjuvanted influenza vaccines goes back to the 1950-s when mineral-in-oil 

adjuvanted influenza vaccines were used on a large scale. These were abandoned as their 

use was associated with severe local reactions including cysts and abscess formation (44). It 

was not until 1997 that the first adjuvanted influenza vaccine, an oil-in-water (MF59™) 

adjuvanted seasonal influenza vaccine, was licensed for use in older adults in Europe (45). 

Increased awareness of a potential pandemic threat combined with the limited production 

capacity for influenza vaccines facilitated the development and licensing of several 

adjuvanted pandemic influenza vaccines (46). These played a prominent role during the 

2009/2010 influenza A(H1N1) pandemic in Europe (47). 

L i cen s i ng  o f  Pandemic  I n f l uenza  Vacc i ne s  i n  Eu rope  

Vaccination is thought to be the most efficient method to protect populations during 

pandemics (48). In order to be successful it is crucial that safe and efficacious vaccines 

become available early in the pandemic. The regulators play an important role in this 

process as they are responsible for the evaluation of the benefits and risks of new vaccines 

and ultimately for the licensing. Under normal circumstances the regulatory evaluation of a 

new vaccine can easily take up to a year, if not longer. Such a period would create an 

unacceptable delay for pandemic influenza vaccine availability. In order to ensure that this 

process would be timely new regulatory pathways were put in place in response to the 

emergence of H5N1 as a pandemic threat.  

In Europe a ‘mock-up vaccine’ concept was introduced (49). This concept enabled the 

licensing of pandemic vaccines before the actual emergence of a pandemic virus. The idea 

was to license a vaccine based on a strain for which the population could be assumed to be 

immunologically naïve, say the H5N1 virus. For this mock-up vaccine, containing a potential 

pandemic influenza strain, a dossier would be formed which would consist of data on quality 

aspects, immunogenicity and on safety – the core dossier. This data formed the basis for 

dosing regimens, for possible limitations of use and for the safety information on the 

product. If a pandemic virus were then to emerge and the WHO were to raise the pandemic 
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alertness to level 3, vaccine manufacturers would replace the strain in the mock-up vaccine 

with the new pandemic influenza strain. This process is in many ways similar to the annual 

strain update for seasonal influenza vaccines. In theory, the data in the core dossier would 

still be representative for the ‘new’ pandemic vaccine. In support of the strain change the 

manufacturer would only need to submit data demonstrating that the ‘quality’ of the vaccine 

is unchanged. Once the strain variation would be accepted, the use of the vaccine would 

have to be monitored through an extensive risk management plan, collecting additional 

information on the safety and effectiveness of the pandemic vaccines in real life. 

At the start of the 2009/2010 H1N1 pandemic three mock-up constructs were licensed in 

Europe: Foclivia, Adjupanrix and Pandemic influenza Vaccine H5N1 Baxter. These constructs 

formed the basis for the licensing of three H1N1pdm09 vaccines: Focetria, Pandemrix and 

Celvapan (50).  

Although an elegant solution to the regulatory challenge of ensuring the timely benefit risk 

assessment and licensing of pandemic influenza vaccines when faced with an emerging 

threat, there are limitations regarding the demonstration of benefits and risks of new 

pandemic influenza vaccines for regulatory assessment. 

De te rm in i ng  Benef i t  o f  Pandemic  I n f l uenza  Vacc i ne s  

To determine whether a vaccine protects against an influenza infection and the complications 

thereof, the influenza virus has to be known and circulating in the population. Efficacy of a 

pandemic vaccine can thus only be determined in clinical trials conducted when the pandemic 

influenza virus is spreading, by which the vaccine ought to be licensed to obtain maximal 

benefit of vaccination. Mock-up vaccines contain strains for which the population is assumed 

to be naïve, a strain that is not circulating in the population. The regulatory challenge is how 

to ensure that these vaccines will provide benefit to the recipient without having data on the 

efficacy of that vaccine. This could be done by measuring the immune response (antibody 

production) following immunization, i.e. the immunogenicity.  

The core dossier for the mock-up vaccines, Foclivia, Adjupanrix and Pandemic influenza 

Vaccine H5N1 Baxter, contained data on the antibody response following vaccination in 

predominantly healthy adults (51-53). Whether the antibody response of the mock-up 

vaccine was sufficient for licensure was determined by applying a set of criteria labelled 

the Committee for Human Medicinal Products (CHMP) criteria (see Table 1.1). These criteria 

are based upon the assumption that a serological threshold value, i.e. a serum HI titre of 

≥1:40, correlates to protection achieved in 50% of vaccinated subjects.  
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Table 1.1 European CHMP criteria for evaluation of influenza vaccine immunogenicity 

 adults elderly  (>60 years) 

GMT increase 2.5 2 

Seroconversion /significant increase* 40% 30% 

Seroprotection* 70% 60% 
* In haemagglutination inhibition tests seroconversion corresponds to: negative prevaccination serum (HI<1:10), postvaccination 
serum HI≥1:40; Prevaccination serum >1:10, significant increase: at least a fourfold increase in titre. Seroprotection corresponds to 
the % with serum HI≥1:40. Alternative criteria have been defined for the SRH assay. 

The European regulatory guideline for pandemic influenza vaccines that set the criteria that 

a candidate pandemic influenza vaccine had to meet in order to gain licensure at the time 

of the H1N1pdm09 pandemic stipulated that all three criteria (seroprotection rate, 

geometric mean titre (GMT) increase and response rate) should be fulfilled - thereby setting 

the benchmark for efficacy for these vaccines (54). 

A major drawback of relying on anti haemagglutinin antibodies to assess the immune 

response to influenza vaccination is that the two available assays used to quantify these 

antibodies, the haemagglutination inhibition (HI) assay and the single radial haemolysis 

(SRH) assay, are not standardised and that there is considerable variability within and 

between laboratories (55). 

Based upon years of experience with the conventional seasonal influenza vaccines the 

consensus is that these vaccines provide benefit for the majority of recipients (43). As it is 

known that the HA antibodies play an important role in conveying protection it is therefore 

not unreasonable to assume that eliciting an HA-response following vaccination can be 

related to efficacy at least for HA-based vaccines. It has been recognised however that a 

cut-off such as the HI≥1:40 threshold is unlikely to form an absolute correlate of protection – 

certainly not across all populations and for all different vaccines (56, 57). One study in 

children for example found that an HI titre >1:110 would predict a clinical protection level 

of 50%, while a titre of 1:330 would predict 80% protection (58). 

The immunogenicity evaluated using the CHMP criteria provided evidence that the vaccines 

would elicit an immune response which broadly could be related to protection. However, 

uncertainty remained what level of protection could be achieved with the different vaccines 

and as to whether these responses would translate into clinical protection against disease in 

the wide range of target groups for pandemic vaccination, in particular the young children 

and elderly. Additionally, whereas the bulk of the data in the core dossier was obtained 

with H5N1-vaccines, at the time of licensure of the pandemic vaccines it was unclear how this 

related to the H1N1pdm09 containing vaccines. There was little immunogenicity data with 

the H1N1pdm09 vaccines and, due to the difficulties with the assays cross study, 
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comparisons could not be made hence it was unclear whether the dose recommendations as 

determined for the H5N1-vaccine were also applicable for the H1N1pdm09-vaccines. 

De te rm in i ng  t he  safe ty  o f  pandemic  i n f l uenza  vacc i ne s  

Considering the decades of use of seasonal inactivated trivalent influenza vaccines in 

millions of people worldwide, there is substantial experience with conventional influenza 

vaccines which supports the safety profile for non-adjuvanted pandemic influenza vaccines 

based upon similar constructs (59). Nonetheless, it has to be recognised that the introduction 

of a new viral strain that into the human population through a process of antigenic shift or 

adaptation could result in a vaccine with a different reactogenicity profile. Potentially, this 

vaccine could also induce serious adverse events that are not associated with the seasonal 

variants of the vaccine. 

The mock-up vaccines licensed in Europe at the time of the emergence of the H1N1pdm09 

virus comprised adjuvanted and cell-based vaccines for which the experience was far more 

limited and the uncertainties thus greater (50). The safety profile of these vaccines was 

based upon non-clinical testing and on data derived from clinical studies in around 3,000 – 

5,000 healthy adults (51-53). For the MF59 adjuvanted vaccine – Foclivia/Focetria- a 

similar adjuvanted seasonal vaccine had been used for over a decade in elderly in Italy, 

providing additional data regarding the safety of this vaccine construct (52).  

No safety data with the mock-up vaccines had been collected in persons at particular risk 

for influenza complications and only limited data was available for children, with no data 

available for children under three years of age. Furthermore, although data in 3000 

persons would be sufficient to rule out the occurrence of common adverse events that occur in 

approximately 1 in 1000 persons, it cannot exclude adverse events which are rare – i.e. 

occur less frequent. If these adverse events are serious they will impact the benefit risk 

balance and will necessitate a re-evaluation of the use of the vaccine.  

Conc l ud ing  remark s  

As outlined in the sections above, at the time of licensure of the pandemic influenza vaccines 

in Europe several uncertainties remained regarding the benefits and risks of these vaccines. 

Due to the nature of pandemics, this will always be the case. Pandemic influenza vaccines 

can only be produced and tested once the virus is spreading – hence there is never sufficient 

time for a full evaluation of the efficacy and safety of new pandemic influenza vaccines 

pre-licensure.  

To address uncertainties surrounding the benefit risk of pandemic influenza vaccines 

extensive post licensure monitoring programmes need to be implemented to confirm the 
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benefits of the vaccines and, most importantly, to rapidly identify risks and establish the 

association with vaccination. However, once licensed, depending on the availability, 

pandemic influenza vaccines are rolled out quickly and large populations are vaccinated in 

a relatively short space of time. This provides an extremely challenging setting for 

conducting observational studies which are ultimately the backbone of post-licensure 

monitoring and evaluation of vaccines.  

A ims  and  ou t l i ne  o f  t h i s  t he s i s  

The work described in this thesis was conducted in the wake of the 2009/2010 H1N1 

pandemic and consists of several studies that evaluate the benefits and risks of pandemic 

influenza vaccines used across Europe. The experience with the H1N1pdm09 vaccines is 

collated and lessons drawn to improve the monitoring of the benefits and risks of pandemic 

influenza vaccines. 

In the first section different observational study designs are used to evaluate the benefits of 

pandemic influenza vaccines. In chapter 2 a study is presented which evaluated the 

effectiveness of Focetria, an MF59 adjuvanted pandemic influenza vaccine, against 

medically attended influenza-like illness and reverse transcriptase polymerase chain 

reaction (RT-PCR) confirmed influenza in the at-risk population and persons over 60 in the 

Netherlands through a cohort with a nested case control design. This study was conducted 

within the framework of Influenza - Monitoring Vaccine Effectiveness (I-MOVE) project and 

sponsored by the European Centre for Disease Control (ECDC). Chapter 3 consists of a study 

that evaluated the effectiveness of Focetria against hospitalization through a matched case-

control study. 

The second section of this thesis deals with the risks of pandemic influenza vaccines, starting 

with a review of available pre- and post-licensure data regarding the safety of the 

H1N1pdm09 vaccines in children in chapter 4. In chapter 5 the association between Bell’s 

palsy and influenza A(H1N1)pdm09 containing vaccines is evaluated in a self-controlled 

case series. Chapters 6 and 7 focus on the evaluation of a particular safety signal that 

emerged in the aftermath of the H1N1pdm09 vaccination campaigns in Europe,  where a 

potential association between Pandemrix, an AS03-adjuvanted H1N1pdm09 vaccine, and 

narcolepsy was seen. Chapter 6 presents a multi-national study into the diagnosis rates of 

narcolepsy in seven European countries prior to, during and after the H1N1pdm09 

pandemic. This study was a collaborative study conducted within the Vaccine Adverse Event 

Surveillance & Communication (VAESCO) network – a European research network aiming to 

develop guidelines and a sustainable infrastructure for post licensure vaccine safety 

assessment in the European Region. In chapter 7 the potential role of bias in studies looking 
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into the association between Pandemrix and narcolepsy is evaluated through a simulation 

study. 

The third section of this thesis considers how we can draw on the experience gained during 

the 2009/2010 influenza A(H1N1) pandemic to improve the monitoring of influenza 

vaccines and whether we can use the large amounts of data generated on the safety and 

efficacy of different pandemic influenza vaccine constructs to improve influenza vaccination. 

In chapter 8 the evidence surrounding adjuvanted influenza vaccines in children younger 

than three years of age is brought together in order to see whether these vaccines could 

fulfil an urgent need in providing safe and efficacious influenza vaccines for an age group 

where the efficacy of conventional influenza vaccines is limited. Chapter 9 reflects on the 

proposed regulatory guidance for the assessment of new influenza vaccines in Europe. 

Finally, a discussion of the main findings presented in this thesis and  of their potential 

implications is included in chapter 10.  
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Abs t rac t   

Background  

The aim of the present study was to estimate the effectiveness of the MF59™-adjuvanted 

influenza A(H1N1)pdm09 vaccine against medically attended influenza-like illness and RT-

PCR confirmed influenza in the at-risk population and persons over 60 in the Netherlands. 

Methods 

We conducted a retrospective cohort study in a Dutch based GP medical record database 

between 30 November 2009 and 1 March 2010 to estimate the vaccine effectiveness 

against influenza-like illness. Within the cohort we nested a test negative case-control study 

to estimate the effectiveness against laboratory confirmed influenza.  

Results 

The crude effectiveness in preventing diagnosed or possible influenza-like illness was 17.3% 

(95%CI: -8.5% - 36.9%). Of the measured covariates, age, the severity of disease and 

health seeking behaviour through devised proxies confounded the association between 

vaccination and influenza-like illness. The adjusted vaccine effectiveness was 20.8% (95%CI: 

-5.4% - 40.5%) and varied by age, being highest in adults up to 50 years (59%, 95%CI: 

23% - 78%), and non-detectable in adults over 50 years. 

The number of cases in the nested case-control study was too limited to validly estimate the 

VE against confirmed influenza. 

Conclusions 

With our study we demonstrated that the approach of combining a cohort study in a 

primary health care database with field sampling is a feasible and useful option to monitor 

VE of influenza vaccines in the future 

.  
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I n t roduc t ion  

Vaccination is regarded as one of the most efficient interventions that protect the population 

at risk of serious health complications during influenza pandemics 1. During the H1N1-

influenza pandemic of 2009/2010 mass vaccination campaigns with new influenza vaccines 

were set out throughout the world. In order to reduce the amount of antigen needed for 

vaccinating entire populations oil-in-water adjuvanted vaccines were used for the first time 

on a large scale in Europe 2. In the Netherlands general practitioners (GPs) were provided 

with MF59™-adjuvanted influenza A(H1N1)pdm09 vaccines to vaccinate persons at risk 

due to underlying comorbidities and persons over 60 years of age. These persons were 

offered two doses of the vaccine. 

The MF59-adjuvanted influenza A(H1N1)pdm09 vaccine was licensed based on 

immunogenicity and safety of vaccines with avian influenza strains, allowing for fast track 

roll out of vaccines upon the emerging pandemic 2. Estimates of the effectiveness of the 

vaccine in targeted risk groups are scarce to date 3-5. Steens et al. reported no significant 

vaccine effectiveness (VE) (19%, 95%CI: -28% - 49%) against influenza A(H1N1)pdm09 -

infection related hospitalisation in a matched case control study in targeted risk groups in 

the Netherlands 4. Castilla et al. 5 conducted a cohort study in all non-institutionalized 

persons in a region in Spain where children (1-17 years) and persons aged over 60 

received the MF59 TM-adjuvanted influenza A(H1N1)pdm09 vaccine. They found no 

evidence of effectiveness of vaccination against medically attended influenza-like illness (ILI) 

in children (VE: 12%; 95%CI: -142% - 68%) and in the elderly (VE: 25%; 95%CI: -19% - 

53%). Data on effectiveness of vaccination programmes with adjuvanted vaccines in 

different target groups is essential to inform future decisions and recommendations for 

vaccination programmes and possible complementary or alternative public health measures 

in order to mitigate the potential impact of influenza epidemics and pandemics. The aim of 

our study was to estimate the effectiveness of the MF59™-adjuvanted influenza 

A(H1N1)pdm09 vaccine against medically attended ILI and against laboratory confirmed 

A(H1N1)pdm09 infection in the population that was indicated for vaccination by the GP in 

the Netherlands. 

Me thods  

We conducted a retrospective cohort study in a Dutch GP medical record database, in which 

we nested a case control study to determine effectiveness of the MF59™-adjuvanted 

influenza A(H1N1)pdm09 vaccine against RT-PCR confirmed influenza infection. 
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IPCI database: 

Our cohort was identified within the Integrated Primary Care Information (IPCI) database. 

More detailed information on IPCI has been published elsewhere 6. In short, IPCI contains 

longitudinal data from anonymized computer-based medical records of Dutch GPs from 

1996 onwards. In the Netherlands, almost all residents are registered with a GP or practice, 

which serves as the gatekeeper to and from all medical care in the Netherlands. The age 

and gender distribution of the population in IPCI is representative of the Netherlands and of 

community dwelling persons. Currently, IPCI contains information on over 1,100,000 patients 

from over 200 participating GP practices located throughout the Netherlands. IPCI includes 

anonymous demographic information as well as information on signs, symptoms and 

diagnoses, both coded through the International classification of primary care (ICPC) and as 

free text, prescriptions (ATC coded), annual vaccinations against influenza and non-

childhood vaccines, hospital admissions, referrals to secondary care, letters from specialists, 

and laboratory test results. Records have good validity for prescriptions, hospitalizations, 

influenza vaccination and influenza related outcomes 6-8. The IPCI database complies with 

European Union guidelines on the use of medical data for medical research 6. Approval for 

this study was obtained by the Scientific and Ethical Advisory Board of the IPCI project and 

by the Medical Ethical committee of Erasmus MC. Informed consent was obtained from all 

patients participating in the nested case control study. 

Study population 

Cohort : We defined a cohort within the IPCI database of persons who were eligible for 

A(H1N1)pdm09 vaccination through the GP due to an underlying medical condition or age 

>60 years and who had at least one year of valid database history. As pregnancy is not 

consistently recorded from the start of pregnancy, only pregnant women indicated for 

A(H1N1)pdm09 vaccination due to underlying medical conditions were included in the 

cohort. Eligibility for vaccination was assessed from the electronic patient records using free 

text and ICPC-code searches followed by manual verification in the full electronic medical 

record.  

We excluded GPs with incomplete or unreliable registration of vaccination defined as a 

coverage of influenza A(H1N1)pdm09 vaccine in persons >60 years lower than 50%, or 

with unreliable vaccination dates. In addition, we excluded persons with a contraindication 

to influenza vaccination and persons who had visited the GP for ILI between start of 

circulation of H1N1 in the Netherlands (week 28) and start of follow-up (week 49). 

Nested case control: Practices included in the cohort study were invited to participate in the 

case control study. Cases and controls were obtained from cohort members who visited the 



Effectiveness in risk groups & elderly | 29 
 

GP for ILI during the study period. Controls were to be matched to cases by GP practice 

and time of presentation. 

Study period 

Cohort: Follow-up started on 30 November 2009 (week 49), two weeks after the majority 

of GP practices had administered the 1st dose. Follow-up ended at death, first ILI, 

transferring out of the practice, or end of the study period (1 March 2010).  

Nested case control: The swab schedule for the nested case control study was planned to 

start two weeks after start vaccination as indicated by participating GPs. Swabbing started 

on 9 November 2009 and ended on 3 March 2010. 

Study endpoint 

Cohort: The outcome of interest was medically attended ILI using the European ILI case 

definition 9: a sudden onset of symptoms combined with 1) at least one of the following 

symptoms: fever or feverishness, malaise, headache, or myalgia; and 2) at least one of the 

following three respiratory symptoms: cough, sore throat, shortness of breath. 

ILI cases were extracted from the IPCI database by using an extensive string search 

including free text terms combined with ICPC-codes (R80, R81, R74, R78) reflecting the 

symptoms and diagnosis of ILI. Obvious negations were excluded. All identified ILI cases 

from week 30 onwards were manually validated against the full electronic patient record to 

check whether they met the case definition, validation was done while being blinded to 

exposure. 

Nested case control: The primary outcome in the case control study was RT-PCR confirmed 

influenza in persons presenting to the GP with ILI. A nasopharyngeal swab was taken from 

cohort members with ILI symptoms during the influenza season. Nasopharyngeal swabs were 

sent to the virology department of the Erasmus-MC for RT-PCR analysis. All persons with 

samples tested positive for influenza infection were classified as cases. Cases were sub-

typed as influenza A(H1N1)pdm09, H1N1, H3N2 or B. Persons with ILI but no detectable 

influenza were classified as controls. 

Exposures 

The primary exposure of interest in this study was vaccination with MF59™-adjuvanted 

influenza A(H1N1)pdm09 vaccine. Persons having received at least a first dose of vaccine 

at the start of follow-up (cohort) or at time of swabbing (nested case control) were 

considered exposed, regardless of the time since vaccination. Vaccination status was 

determined through GP-specific free text searches and ICPC-codes in the full electronic 
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patient record followed by random manual verification to assess and increase the specificity 

of the final search. Distinction between seasonal influenza vaccination and doses of H1N1-

vaccinations were based on free text wording and calendar dates. Information on the 

following covariates at baseline was collected from the electronic patient record for each 

individual in the cohort: age, gender, presence of co-morbidity (diabetes, respiratory, 

cardiovascular, renal insufficiencies, immune-compromised or malignancies; identified 

through free text searches and ICPC-codes followed by manual verification against the 

electronic records), seasonal influenza vaccination history, use of oseltamivir, zanamivir, 

amantadine, rimantadine, health care utilization (defined as number of GP-visits in previous 

year) and severity of underlying comorbidity (estimated by the number of different drugs 

prescribed in previous year identified by number of different ATC-codes).  

Participants in the nested case control study had a unique study ID that was linked to their 

unique patient identifier in the IPCI database. Information on exposure and covariates was 

extracted from the IPCI-database.  

Statistical methods 

Cohort: Descriptive analyses and univariate analysis were performed to compare study 

population baseline characteristics between vaccinated and unvaccinated patients. We 

estimated crude and adjusted estimates for VE (1-relative risk*100%) for ILI through 

univariate and multivariate Cox-proportional hazard analysis. We used subject time, which 

was calendar time, as the time axis. Variables were included in the multivariate analysis if 

they changed the crude point-estimate by more than 10%.  

Nested case control: Crude odds ratios with 95% confidence intervals were obtained by 

using conditional logistic regression analysis. The crude VE was computed as VE = 1 – OR.  

Sensitivity analyses: In the cohort, misclassification of exposure was investigated by varying 

the start of the follow-up period (starting at week 47 and week 51 instead of 49), and 

varying the definition of exposure. In this analysis persons were considered exposed if they 

were vaccinated >14 days prior to baseline or >7 days prior to baseline. All other persons 

were considered unexposed. Additionally, we conducted a post hoc analysis in which 

vaccination was considered as a time dependent variable, meaning the exposure status was 

determined when an outcome occurred. Persons were considered exposed 14 days after 

vaccination. In this analysis baseline could be brought back to 01-10-2009, which increased 

the number of cases. As vaccination was time dependent misclassification was also 

minimized. 

Statistical significance was accepted at a p-value <0.05. All analyses were done using SPSS 

(SPSS Inc., Chicago, IL, USA) version 15.0 for Windows. 
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Re su l t s  

Study population 

Cohort : At the start of follow-up there were 191,518 persons who had an indication for 

influenza A(H1N1)pdm09 vaccination in 205 GP practices contributing data to IPCI. Of 

these, 68,642 persons from 102 GP practices were excluded, as influenza A(H1N1)pdm09 

vaccination could not be assessed reliably in the electronic patient record. Of the remaining 

122,876 persons, 1,430 had ILI between week 28 and start of follow-up (week 49) and 

were excluded as they were not at risk of H1N1 ILI anymore (assuming infection with H1N1). 

The final study population for the primary analysis included 121,446 patients with an 

average follow-up time of 75.8 days per person (SD 22.2) from week 49 onwards.  

Nested case control: In total, 41 GP practices agreed to participate in the nested case 

control study. Two dropped out early due to time constraints.  

Baseline characteristics cohort 

The A(H1N1)pdm09 vaccinated and non-vaccinated persons differed regarding a number 

of baseline characteristics are presented in table 2.1. 

Unvaccinated persons were younger and less likely to have received a seasonal influenza 

vaccine in 2008 and 2009. The majority of the cohort (73.5%) had at least one type of 

underlying disease that would qualify as indication for vaccination, thus including healthy 

people 60 years or older. With the exception of diabetes and respiratory disease, co-

morbidities were more prevalent in vaccinated as compared to unvaccinated persons, most 

notably for cardiac disease and malignancies. The mean number of different drugs 

prescribed in the preceding year was higher in vaccinated persons, as was the number of 

GP contacts in the preceding year.  
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Table 2.1 Baseline characteristics cohort 

 Exposed to first dose influenza A(H1N1)pdm09 
vaccine6 

  unexposed Exposed  

  51442 70004  

  n (%) n (%) p-value 

Age1 Mean 
(st.dev) 49.8 (22.5) 63.6 (16.8) <0.0001 

 <=4 938 (1.8) 371 (0.5)  

 5-19 6717 (13.1) 2445 (3.5)  

 20-49 14266 (27.7) 7216 (10.3)  

 50-59 7223 (14.0) 7315 (10.4)  

 60-79 18809 (36.6) 43235 (61.8)  

 80+ 3489 (6.8) 9422 (13.5)  

Gender male 24720 (48.1) 32290 (46.1) <0.0001 

Seasonal influenza vaccination 09  12744 (24.8) 59965 (85.7) <0.0001 

Seasonal influenza vaccination 08  15153 (29.5) 51522 (73.6) <0.0001 

Pandemic H1N1 vaccine doses1 None 51442 (100)    

 1 dose   67048 (95.8)  

 2 doses   2956 (4.2)  

Days since first dose1  <7   11568 (16.5)  

 7-14   31420 (44.9)  

 ≥14   35494 (50.7)  

Diabetes  16063 (31.2) 16269 (23.2) <0.0001 

Cardiac disease  12752 (24.8) 32781 (46,8) <0.0001 

Respiratory disease  12208 (23.7) 18840 (26,9) <0.0001 

Renal disease  884 (1.7) 2218 (3.2) <0.0001 

Malignancy  4929 (9.6) 10717 (15.3) <0.0001 

Immune compromised  95 (0.2) 199 (0.3) <0.0001 

Any chronic co-morbidity3  36334 (70.6) 53012 (75.7) <0.0001 

Mean number of different drugs 
prescribed2,4 

Mean 
(st.dev) 3.69 (4.1) 6.0 (4.9) <0.0001 

Mean number of GP contacts2 Mean 
(st.dev) 

11.0 (11.6) 17.3 (13.2) <0.0001 

Antiviral drugs use5 prior 30-11-09  130 (0.3) 246 (0.4) 0.002 

Antiviral drugs use5 after 30-11-09  13 (0.0) 38 (0.1) 0.015 
 

1 On 30-11-2009 
2 Between 01-10-2008 and 01-10-2009 
3 Includes respiratory, cardiovascular, diabetes and renal disease, persons with malignancies and immune compromised 
4 Based on ATC (7 digits) 
 5 Antiviral drugs: Amantadine, rimantadine, oseltamivir, zanamivir which are all indicated for treatment of influenza infection; 
amantadine is also used in the treatment of parkinsons disease 
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Vaccination 

Vaccine uptake was highest in persons 60 years and older (Figure 2.1).  

By the end of the vaccination campaign, 88% of those having received a first dose also 

received a second dose of the influenza A(H1N1)pdm09 vaccine. At the start of follow-up, 

which was before the end of the vaccination campaign, point coverage for seasonal 

influenza vaccination in the cohort was 59.8%. For a single dose of influenza 

A(H1N1)pdm09 vaccine it was 57.6% and for two doses it was 4.2%. Fifty-one % of 

vaccinated persons had received a first dose at least 14 days before the start of the study. 

Only 16% had received their first dose less than 7 days before the start of the study.  

 

Figure 2.1 Vaccination coverage per age group for seasonal influenza vaccination and first 
and second doses of pandemic influenza vaccine in the cohort of patients that had an 
indication for pandemic influenza vaccination 
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Figure 2.2 Coverage of the 1st and 2nd dose of the A(H1N1)pdm09 vaccine, ILI cases in the 
cohort, and influenza positive cases plus controls (influenza negative) from the nested case 
control study against calendar time 

ILI & RT-PCR confirmed influenza 

In the total cohort, 255 ILI cases were identified during follow up. The incidence rate of ILI 

during follow-up was age dependent, being highest in the youngest age group and slightly 

lower in subsequent age groups (Table 2.2). The overall incidence rate during follow-up was 

10.1 per 1000 person years (95%CI: 8.9 - 11.4).  

Table 2.2 Number and rate of ILI cases 

 Age category 
  <=4 5-19 20-49 50-59 60-79 80+ 

Number of ILI cases 
(%) 

4 
(0.31%) 

24 
(0.26%) 

59 
(0.27%) 

29 
(0.20%) 

112 
(0.18%) 

27 
(0.21%

) 

Person Time1 268 1839 4319 2982 13106 2714 

Incidence Rate 
(95%CI) 2 

14.9 
(5.6 - 39.7) 

13.1 
(8.8- 19.5) 

13.7 
(10.6 - 17.6) 

9.7 
(6.8 – 14.0) 

8.6 
(7.1 - 10.3) 

9.9 
(6.8 - 
14.5) 

1In years 
2 per 1,000 person- years  

Figure 2.2 shows the distribution of validated ILI cases, influenza positive and negative cases 

from the case control study over calendar time along with the coverage of the first and 



Effectiveness in risk groups & elderly | 35 
 

second dose of pandemic influenza vaccination. Vaccination started around the peak of ILI 

incidence. 

In the nested case control study 46 swabs were received for analysis. One swab could not 

be analysed. Of the remaining 45, 9 tested positive for influenza A, including 7 confirmed 

A(H1N1)pdm09 infections. The average age of cases was 33.4 years (SD: 22.3 years), 

controls were older with an average age of 55.4 years (SD 20.5 years). 

Vaccine effectiveness 

In the total cohort, we found a crude VE estimate against ILI of 17.3% (95%CI: -8.5% - 

36.9%). Of the measured covariates, age, the number of different drugs prescribed in the 

preceding year and the number of GP contacts in the preceding year confounded the 

association between influenza A(H1N1)pdm09 vaccine and ILI with at least a 10% change 

in the point estimate. The adjusted VE against ILI was 20.8% (95%CI: -5.4% - 40.5%) 

(Table 2.3). The VE differed by age groups, with the highest adjusted VE in adults up to 50 

years (59%, 95%CI: 23% - 78%). 

Table 2.3 Crude and adjusted pandemic H1N1 vaccine effectiveness per age category 
(Primary analysis with baseline at 30-11-2009) 

Age 

Category 

Number of ILI 

cases (%) 

Crude VE 95%CI Adjusted 

VE* 

95%CI 

Overall  17.3% -8.5% - 36.9% 20.8% -5.4% - 40.5% 

<=4 yrs 4 (0.31%) -482.9% -6988.3% - 52.1% -505.8% -8341.8% - 56.5% 

5 – 19 yrs 24 (0.26%) 38.7% -85.4% - 79.8% 50.9% -51.0% - 84.0% 

20 – 49 yrs 59 (0.27%) 42.2% -7.1% - 68.8% 58.7% 22.7% - 77.9% 

50- 59 yrs 29 (0.20%) 17.7% -79.4% - 62.3% 20.9% -76.1% - 64.5% 

60 – 79 yrs 112 (0.18%) -36% -122% - 16% -14,2% -86.7% - 30.1% 

80+ yrs 27 (0.21%) 12% -114% - 64% 18,3% -100.7% - 66.8% 

* adjusted for number of different drugs prescribed and number of GP contacts in year before 

Based on the 9 cases and 36 controls in the nested case control study, we estimated a crude 

VE for the influenza A(H1N1)pdm09 vaccine in preventing RT-PCR confirmed influenza was 

73.3% (95%CI: 4.8% - 92.5%). The crude VE against RT-PCR confirmed influenza 

A(H1N1)pdm09 infection was 88% (95%CI: 25% - 98%). Due to the small sample size, no 

adjusted or matched analysis was performed.  
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Sensitivity analyses 

In the primary analysis everyone who had received an influenza A(H1N1)pdm09 vaccine at 

the start of follow-up or at time of swabbing was considered exposed regardless of time 

since vaccination. As it takes 2 to 3 weeks to mount an immune response to seasonal 

influenza vaccines 10, in our primary analysis persons could have been considered exposed 

whilst they were not immunized. To address this potential misclassification we restricted the 

definition of exposure and only considered those as exposed who received a first dose 

more than 7 days before baseline, non-exposed were persons who were not vaccinated or 

vaccinated within 7 days. This decreased the crude VE against ILI to 13.3% (95%CI: -15.5% 

- 34.9%). Only considering as exposed those who received a first dose more than 14 days 

before baseline and as non-exposed those not vaccinated or vaccinated within 14 days 

prior to baseline decreased this estimate further to 5.1% (95%CI: -36.1% - 33.8%). 

Restricting the analysis of the nested case control study to swabs taken 14 days after the 

start of vaccination resulted in a crude VE against RT-PCR confirmed influenza A infection of 

17% (95%CI -563% - 90%) and a crude VE against influenza A(H1N1)pdm09 infection of 

75% (95%CI: -473% - 99%).  

The baseline for the cohort study was chosen relatively late (figure 2) to allow for the 

majority of GP-practices to have administered at least the first dose of influenza 

A(H1N1)pdm09 vaccine plus 14 days for the vaccine to exert its effectiveness. When 

applying a start of follow-up two weeks earlier (week 47 instead of week 49) the crude 

overall VE increased to 23% (95%CI: 4% - 38%). Applying a cut-off two weeks later (week 

51 instead of week 49) decreased the crude overall VE to -7.8% (95%CI: -48.0% - 

22.4%). 

In a post-hoc analysis we started follow-up in October 2009 and considered exposure to 

A(H1N1)pdm09 vaccination to be a time dependent variable. By doing so misclassification 

of exposure is limited. The most noticeable increase in number of cases was seen in the ≤ 4 

year age group. Overall, the estimates move closer towards no effect (Table 2.4) 
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Table 2.4 Crude and adjusted pandemic H1N1 vaccine effectiveness per age category: 
Post hoc Time Dependent Analysis (Baseline = 01-10-2009). 

Age 

Category 

Number of ILI 

cases (%) 

Crude 

VE 

95%CI Adjusted 

VE* 

95%CI 

Overall  9.0% -19.2% - 30.5% -17.4% -54.9% - 11.0% 

<=4 yrs 65 (4.6%) -38.6% -868.9% - 80.2% -32.9% -815.0% - 80.7% 

5 – 19 yrs 289 (3.1%) 23.6% -109.9% - 72.2% 34.6% -79.8% - 76.2% 

20 – 49 yrs 350 (1.5%) 21.4% -40.2% - 55.9% 34.4% -17.0% - 63.2% 

50- 59 yrs 154 (1.0%) 3.3% -109.1% - 55.3% 17.3% -79.2% - 61.8% 

60 – 79 yrs 307 (0.5%) -57.0% -161.2% - 5.6% -28.5% -114.3% - 22.9% 

80+ yrs 73 (0.6%) 5.4% -158.2% - 65.3% 16.3% -130.4% - 69.6% 

* adjusted for number of different drugs prescribed and number of GP contacts in year before 

D i s cu s s ion  

In our retrospective cohort study we found an overall small non-significant protective effect 

of vaccination with an MF59™-adjuvanted influenza A(H1N1)pdm09 vaccine against ILI. 

The VE estimates against RT-PCR confirmed influenza and A(H1N1)pdm09 infection were 

substantially higher, however numbers were small estimates are relatively unstable and no 

adjusted analysis could be performed. Limited importance should be attached to this crude 

estimate as it may suffer from confounding. 

The adjusted VE against ILI was highest in persons between the age of 20 and 49 years 

(59%; 95%CI: 20% - 78%) and in children between the age of 5 and 19 years (adjusted 

VE: 51%; 95% CI: -50% - 84%). We could not validly estimate the vaccine effectiveness in 

children ≤4 years as the group was very small and vaccinations could have been received 

through other routes than the GP. For persons between 50 and 59 years and persons 

between 60 and 79 years the adjusted VE was 21% (95% CI: -80% - 64%), and -15% 

(95% CI: -90% - 30%) respectively.  

This is in line with findings from a large study by Castilla 5, who conducted a cohort study in 

children (1-17 years) and persons over 60 years, evaluating the VE of the MF59TM-

adjuvanted influenza A(H1N1)pdm09 vaccine against medically attended ILI. Similar to our 

findings, the VE in persons over 60 in their study was 25% (95%CI: -19% - 53%).  
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Immunosenescence resulting in reduced VE in older age groups is a known problem for 

seasonal inactivated influenza vaccines and adjuvants have been brought up as a possible 

solution 11. As in the study by Castilla et al we found no evidence that the adjuvanted 

vaccine results into improved effectiveness against ILI in the elderly. A possible explanation 

of the absence of effectiveness against ILI in persons over 50 in our study is the lack of 

specificity of ILI for influenza, due to the presence of cross-reactive antibodies in older 

adults resulting from previous exposure to similar influenza strains 12. These would protect 

against infection with influenza A(H1N1)pdm09 regardless of vaccination, whilst still being 

susceptible to a wide range of pathogens that could cause ILI. As a result ILI could be less 

specific for influenza in older people than in younger people who lack cross-reactive 

antibodies 12 leaving them vulnerable to influenza A(H1N1)pdm09 infection, hence a 

proportion of ILIs could be caused by influenza virus. Consequently, the specificity of ILI 

could not only change with time, as circulation of virus decreases, but also with age. These 

uncertainties underline the importance of including confirmed influenza infection as an 

endpoint to validate findings in the larger cohort. In our nested case control study we lacked 

the power to do this.  

A test negative case control study evaluated the VE of the MF59TM-adjuvanted influenza 

A(H1N1)pdm09 against laboratory confirmed influenza A(H1N1)pdm09 infection in a 

general population ≥ 10 years of age in Korea. Only14% had underlying disease. They 

found a VE of 73.4% (95%CI: 49.1% - 86.1%) against laboratory confirmed influenza 

A(H1N1)pdm09 infection 3, which did not vary significantly with age, supporting the theory 

that our findings are due to the lack of specificity of our endpoint rather than the vaccine. 

However, considering the differences in population ideally we would have validated this 

within our own cohort. 

Several studies evaluated the effectiveness of ASO3-adjuvanted influenza A(H1N1)pdm09 

vaccine against laboratory confirmed H1N1 in the general population 13-19, reporting VE 

estimates between 60% and 95%. The effectiveness of AS03-adjuvanted influenza 

A(H1N1)pdm09 vaccine was found to be lower in an at risk population under 65 in 

Denmark (49% against laboratory confirmed ILI, 44% against hospitalisation) 20. Other 

studies for a mix of adjuvanted and non-adjuvanted vaccines against ILI, laboratory 

confirmed H1N1 and hospitalisations 21-25 reported combined VE estimates of 52% against 

ILI 21, 72% to 95% against lab confirmed ILI 22-25 and 90% to 100% against hospitalisations 
22, 26 .  

In our cohort, severity of underlying co-morbidity rather than its presence was a more 

important confounder, possibly as the majority of persons in the cohort had underlying 

medical conditions. The approximation used for determining severity of disease by number 

of different pharmaceutical compounds prescribed is a crude measure that should be further 
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refined and validated for future influenza vaccine effectiveness studies. Also, other methods 

of mapping severity of underlying co-morbidity remain to be evaluated. Given the large 

effect of disease severity, misclassification of this covariate can be an important source of 

residual confounding.  

Being a study using observational data, misclassification and residual confounding are a 

potential concern. As the likelihood of being exposed increased when moving away from the 

epidemic peak, and the likelihood of ILI (and the specificity of ILI to represent influenza 

infection) decreased away from the peak we chose the start of follow-up where the majority 

of vaccinated persons had received at least one dose of influenza A(H1N1)pdm09 vaccine 

and there was still detectable influenza transmission in the community. This had two major 

consequences – it limited the power of the study, and misclassification of exposure was 

inevitable. We evaluated the effect of time since exposure by only considering those 

exposed who received a first dose more than 7 or 14 days before baseline. This did have a 

considerable impact on the estimate of VE, decreasing it from 17.3% to 13.3% (95%CI: -

15.5% - 34.9%) and 5.1% (95%CI: -36.1% - 33.8%) respectively. The reduction in VE 

when including the time restriction to define exposed status illustrates how misclassification of 

exposure dilutes the estimate in our study. As the majority of vaccinated persons had 

received their first dose (table 2.1) at start of follow-up we hope to have minimized the 

consequences of exposure misclassification. This was further supported by the analysis in 

which exposure was considered as a time dependent variable. An increase in power and 

shift in effect estimate was seen in children under five years, however not in other age 

groups indicating only limited misclassification of exposure overall. 

Misclassification of exposure also may have occurred since recording of influenza 

vaccinations in the patient record by the GP was not compulsory and vaccinations could 

have been obtained through other sources. To minimize such misclassification we excluded 

GPs with ambiguous vaccine registration in the electronic patient record. We did miss 

vaccinations in children below 5, and in health care workers who received vaccinations 

elsewhere than at the GP. This misclassification most likely would drive the VE toward no 

effect.  

We varied the start of follow-up to evaluate the impact of calendar time on the study. The 

crude VE increased to 23% (95%CI: 4% - 38%) when applying an earlier start date (week 

47), and decreased to -7.8% (95%CI: -48.0% - 22.4%) when applying a later start of 

follow-up (week 51), illustrating that the specificity of medically attended ILI changed during 

the epidemic.  

False-negative misclassification of ILI is likely to have occurred since people were advised to 

stay at home and not contact the GP with flu symptoms. Differential misclassification may 

have arisen if people with more serious underlying disease were more likely than other 
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people to get the vaccination and to report ILI to their GP, leading to an underestimation of 

the VE. 

Conc l u s ion  

With our study we demonstrated that the approach of combining a cohort study in a 

primary health care database with field sampling is a feasible option to monitor VE of 

influenza vaccines in the future. This approach had the benefit of reliably measuring the 

presence of a large number of potential confounding variables, including underlying 

comorbidities, severity of disease, health seeking behaviour, drug use patterns and 

vaccination history and evaluating their effect on VE estimates whilst validating the less 

specific outcomes that are measurable in the cohort, such as ILI, with more specific laboratory 

confirmed outcomes.  
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Abs t rac t  

Backg round   

During the 2009 influenza A(H1N1) pandemic, adjuvanted influenza vaccines were used for 

the first time on a large scale. Results on the effectiveness of the vaccines in preventing 2009 

influenza A/H1N1-related hospitalisation are scanty and varying.  

Method s   

We conducted a matched case-control study in individuals with an indication for vaccination 

because of underlying medical conditions and/or age ≥60 years in the Netherlands. Cases 

were patients hospitalised with laboratory-confirmed influenza A(H1N1)pdm09 infection 

between November 16, 2009 and January 15, 2010. Controls were matched to cases on 

age, sex and type of underlying medical condition(s) and drawn from an extensive general 

practitioner network. Conditional logistic regression was used to estimate the vaccine 

effectiveness (VE=1–OR). Different sensitivity analyses were used to assess confounding by 

severity and the effect of different assumptions for missing dates of vaccination (35 of 68 

vaccinees; 51%).  

Re s u l t s   

One hundred and forty-nine cases and 28,238 matched controls were included. It was 

estimated that 22% of the cases and 28% of the controls received vaccination more than 7 

days before the index date (symptom onset in cases). A significant number of breakthrough 

infections were observed. The VE was estimated at 19% (95%CI: -28-49). After restricting 

the analysis to cases with controls suffering from severe underlying medical conditions, the 

VE was 49% (95%CI: 16-69).  

Con c l u s i o n s   

The number of breakthrough infections, resulting in modest VE estimates, suggests that the 

MF-59TM adjuvanted vaccine may have had only a limited impact on preventing influenza 

A(H1N1)pdm09-related hospitalisation in this setting. As the main aim of influenza 

vaccination programmes is to reduce severe influenza-related morbidity and mortality from 

influenza in persons at high risk of complications, a more effective vaccine, or additional 

preventive measures, is needed. 
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Background  

Vaccination is the mainstay of preventing and mitigating the impact of influenza in spite of 

moderate vaccine effectiveness (VE). Lowering the burden of severe disease is one of the 

main aims of a vaccination program. As influenza can be a precipitating factor for the 

exacerbation of underlying medical conditions, an influenza vaccination strategy often 

targets specific risk groups. Unfortunately, VE is generally lower in individuals with a 

compromised immune system, such as the elderly (1). 

Antigen supplies during a pandemic are expected to be limited. For that reason, in 2005 the 

WHO recommended adjuvanted vaccines in just such scenario (2). Inclusion of an adjuvant 

enhances immunogenicity of a vaccine(3), thereby reducing the amount of antigen required 

for equivalent immune responses. During the recent influenza A(H1N1) pandemic, 

adjuvanted influenza vaccines were used for the first time on a large scale in Europe. Five 

vaccines were authorised by the European Medicines Agency (EMA) for use in the European 

Union (4). Clinical trials reported high immunogenicity of the adjuvanted vaccines (5-10); 

post-marketing studies (11-16) showed an effectiveness on preventing confirmed influenza 

A(H1N1)pdm09 that was similar to that of seasonal influenza vaccines in well matched years 

(11, 17). So far, only limited and varying results have been reported on the effectiveness of 

the adjuvanted vaccines in preventing severe disease of influenza A(H1N1)pdm09 that 

required hospitalisation(13, 16, 18). 

VE estimates with severe outcomes are important for guiding decisions on recommendations 

for complementary or alternative public health measures, and for communication to and 

preparedness of health care and the society. Studies estimating VE in specific risk groups 

are important, especially where new vaccines are used, as those groups are generally not 

included in clinical trials. Until now, none of the published studies on the effectiveness of the 

vaccines in preventing influenza A(H1N1)pdm09-related hospitalisation(13, 16, 18) 

focussed on a MF-59TM -adjuvanted vaccine. We investigated the effectiveness of a MF-

59TM-adjuvanted vaccine(19) in preventing influenza A(H1N1)pdm09-related hospitalisation 

in individuals with an indication for vaccination due to underlying medical conditions and/or 

age ≥60 years in the Netherlands. Such a study was enabled by the mandatory notification 

of influenza A(H1N1)pdm09 cases requiring hospitalisation. We combined the notification 

data with an extensive general practitioner (GP) network in the Netherlands (Integrated 

Primary Care Information (IPCI) database) (20, 21) employing a matched case-control 

design.  

Me thods  

S t udy  de s ign  and  s e t t i ng  
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We conducted a matched case-control study. As influenza A(H1N1)pdm09-related 

hospitalisation was notifiable, case-data were obtained through routine surveillance(22, 23). 

In the Netherlands, all suspected influenza A(H1N1)pdm09 hospitalised patients were 

swabbed and tested for influenza A(H1N1)pdm09 infection. The instructions were to 

perform a nose and a throat swab combined in one transport medium. Laboratory 

confirmation was done by real-time PCR for influenza virus type A and type A(H1N1) (24). 

After laboratory confirmation, the attending physician and the laboratory had the legal 

requirement to contact the Municipal Health Service. The Municipal Health Service notified 

the case by entering the reported data into the national password-secured web-based 

routine surveillance database. Reported data included information on underlying medical 

conditions (at aggregated level) and self-reported vaccination status for the seasonal and 

pandemic vaccines. Missing data were retrieved through the hospital physicians; before 

discharge the hospital physician would ask the patient directly, while after discharge, GPs 

were contacted in case the GP of the patient was known. Control-data were available 

anonymously in the IPCI database. Details about the database have been reported 

elsewhere (20). In short, the IPCI database is a longitudinal GP research database and 

contains electronic patient records of about 500 GPs from all over the Netherlands. This 

includes prescription data and specialists’ letters. Currently there are over 750,000 active 

patients, representing approximately 5% of the Dutch population. As in the Netherlands, 

nearly all people are registered with a GP the patient population is representative of the 

Dutch population regarding sex and age, except for a slight under representation of the 

elderly population that is under care of medical practitioners in nursing homes. 

The IPCI database complies with European Union guidelines on the use of medical data for 

medical research. The Scientific and Ethical Advisory Board of the IPCI project approved the 

study. Informed consent was not required. 

Vacc i na t i o n  p rog ramme  

In the Netherlands, different groups were eligible for a pandemic influenza vaccination in 

2009: those with specified underlying medical conditions (pulmonary disease, cardiac 

disease, diabetes mellitus, chronic kidney failure, cancer, immunocomprised condition), 

pregnant women in their second and third trimester, institutionalised individuals, individuals 

aged ≥ 60 years, children aged 6 months to 4 years, health care workers with potential for 

direct patient contact, family members and caretakers of individuals with high risk for severe 

disease or death, and household members of children younger than 6 months. 

The MF-59TM adjuvanted vaccine (19) was provided to individuals with underlying medical 

conditions and/or aged ≥60 years through the GP. Vaccination started in week 45 

(November 2, 2009), though the majority of the GPs (99% of our control sample) provided 
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vaccination from week 46 (November 9, 2009) onwards. All persons were offered two 

doses, two weeks apart. 

 

S t udy  popu l a t i o n  

Cases were patients who had been hospitalised because of a laboratory confirmed 

influenza A(H1N1)pdm09 infection. Only cases with day of symptom-onset between 

November 16, 2009 and January 15, 2010 and with data on vaccination history were 

included (Figure 3.1). Pregnant women were not included in the analysis. The date of 

symptom onset was used as the index date. 

Confirmed cases notified: 2182 # of GP records in IPCI: 750,492 

In study period: 583 Eligible for vaccination: 213,271 

Complete data on vaccination 
history and eligibility criteria: 459 

# of eligible patients of reliably 
registering GPs: 214,108 

Eligible: 149; matched: 148 # of matched controls: 28,238 

Eligible and matched (control with 
severe underlying illness): 137 

# of matched controls with severe 
underlying illness: 10,830 

Cases until 15-01-2010 Controls 

Figure 3.1 Flow diagram of cases and controls. 
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Patients from the IPCI database were eligible as controls when they had at least 1 year of 

valid database history available, they were eligible for vaccination by the GP due to 

underlying medical conditions and/or advanced age, and were registered with a GP that 

had consistent and complete registration of vaccinations (58%; see Figure 3.1). Underlying 

medical conditions were extracted from the IPCI database using International Classification 

of Primary Care (ICPC) codes as well as free text terms and were aggregated as 

pulmonary disease, cardiac disease, diabetes mellitus, chronic kidney failure, cancer and 

immunocompromised condition to equalise the level of information to the cases. Information 

on vaccination status and date of vaccination were extracted using algorithms based on 

ICPC code and open text fields including brands and batch-code. Consistent registration of 

vaccinations was defined as a coverage of the seasonal influenza vaccination, 1st dose of 

pandemic influenza vaccination and 2nd dose of pandemic vaccine of ≥50% in the GP 

practice population aged ≥60 years. This cut off was based on the national vaccination 

coverage estimate of the population aged ≥60 years in 2009 (respectively 76%, 77% and 

69% (25)). From the selected eligible population, we sampled all possible controls matching 

a case on age (+/- 12 months), sex, underlying medical conditions (all conditions at 

aggregated level) and calendar date (e.g. were alive and present in the database for at 

least 1 year at the index date). One case did not have a matched control. Women with 

known confirmed pregnancy (ICPC codes; n=43) and individuals that had been hospitalised 

with confirmed or suspected influenza A(H1N1)pdm09 infection before the index date (open 

text fields; n=17) were excluded.  

Expo su r e  de f i n i t i o n  

We defined exposure (valid vaccination) using two different cut offs; having received at 

least one pandemic influenza vaccination more than 7 days (11, 12, 15, 16) or more than 

14 days before the index date. If the exact date of vaccination was unavailable, we 

extrapolated the validity of vaccination from vaccinated cases with a known date of 

vaccination. We assumed that the availability of the date of vaccination was independent of 

the day of disease onset (see Figure 3.2). Therefore, we considered the percentage of 

invalid vaccinations among those with unknown vaccination date similar to the percentage of 

invalid vaccinations among vaccinated cases with known vaccination date. Furthermore, we 

assumed recent vaccination (i.e. invalid vaccination) to be more likely in the beginning of 

November. We calculated the percentage of invalid vaccinations among vaccinated cases 

with known vaccination date and determined the date on which such percentage of the 

vaccinees with unknown vaccination date had fell ill. For the cut off of respectively >7 and 

>14 days, we considered the pandemic influenza vaccination as valid if the date of 

symptom onset was on or after November 24, 2009 or November 28, 2009. 
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Da ta  ana l y s i s  

Vaccinees without available date of vaccination and symptom onset before the used cut off 

for validity were compared to those with symptom onset on or after the used cut off on age 

using a Wilcoxon-Mann-Whitney test, and on sex and underlying medical conditions using a 

Chi square test,  

Vaccine effectiveness was computed as VE=1– odds ratio (OR) (26), with an exact 95% 

confidence interval (CI) around the point estimate. We used conditional logistic regression to 

calculate the OR. We used the VE estimate with the assumption on the validity of the 

vaccination based on the vaccinated cases with available date of vaccination (see exposure 

definition) as our primary analysis. Additionally, we conducted a sensitivity analysis using 

imputed delays between disease onset and date of vaccination for those with unknown date 

of vaccination. We used multiple imputation (n=10) and sampled from a uniform distribution 

with a lower bound of a delay of zero days and an upper bound of a delay of the sum of 

the number of days since the start of the study and 7 days. This upper bound is based on the 

start of the vaccination campaign relative to the start of this study. The overall estimates and 

confidence intervals were determined using the method described by Rubin (27). 

Additionally, we considered all vaccinations of vaccinated cases with unknown vaccination 

date to be invalid to yield the maximum VE. 

Although we matched for underlying medical conditions, we were not able to match on the 

severity of these underlying medical conditions, as no such information was available for our 

cases. It could be reasoned that individuals hospitalised with influenza A(H1N1)pdm09 

suffer from more severe underlying medical conditions than community controls with 

underlying medical conditions. Therefore, we performed a post hoc sensitivity analysis in 

which controls were sampled from the pool of controls who received five or more different 

active drug compounds prescribed in the year prior (above median number) and matched 

on the same criteria as described above. The number of active drug compounds was 

therefore considered as a proxy of disease severity. 

Data analysis was performed in SAS 9.2 (SAS Institute Inc. Cary, NC, USA). 

Resu l t s  

Samp l e  c ha ra c t e r i s t i c s  

 The 2009 influenza epidemic in the Netherlands started in week 41, peaked in week 46 

with 190 cases per 100,000 inhabitants and ended in week 50 (28). Five-hundred eighty-

three laboratory-confirmed influenza A(H1N1)pdm09 patients were hospitalised during the 

study period. From these, 459 (79%) had complete data on matching factors and history of 

vaccination. Only 149 were eligible for inclusion, as the majority of cases were not eligible 
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for pandemic influenza vaccination because of age (<6 months; 19%) and/or absence of 

an underlying medical condition (74%). The majority of the included cases fell ill in 

November 2009 (Figure 3.2), which coincided with the peak of the Dutch influenza epidemic 

(28). 

* For 1 patient, day of symptom onset was unknown. For this patient we used 1 day before day of admission as 
day of symptom onset for this epidemic curve. 

Figure 3.2 Epidemiological curve of included cases by exposure. 

Cases whose vaccination was valid (black), or assumed valid (dark grey), and whose 

vaccination was assumed invalid (light grey) or who did not obtain a (valid) vaccination 

(white) are presented by day of symptom onset. The assumption on exposure was based on 

cases with known date of vaccination. 

The median age of the included cases was 48 years (range 1-84), and 44% were male. 

Only 2% (n=3) of the included cases was previously healthy (aged ≥60 years; of which two 

had obtained vaccination that was assumed valid); all others suffered from underlying 

medical conditions. Seven included cases died from influenza A(H1N1)pdm09.  

Forty-six percent (n=68) of the cases reported to have obtained at least one pandemic 

influenza vaccination (Table 3.1). Among the vaccinated cases, exact date of vaccination 

was available for only 49% (n=33). Vaccinees with or without available date of vaccination 

did not differ statistically on age (respectively 43 and 46 years old), sex (48% and 34% 

male) or the presence of underlying medical conditions (0/33 and 2/35). Furthermore, 

vaccinees without available date of vaccination and symptom onset before the used cut off 
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for validity of vaccination did not differ statistically from those with symptom onset on or 

after the used cut off on age (respectively 51 and 57 years old using the cut off of 7 days 

or 52 and 61 years for the cut off of 14 days), sex (22% and 47% male (7 days) or 29% 

and 45% male (14 days)), or the presence of underlying medical conditions (100% and 

88% (7 days) or 100% and 82% (14 days)). Respectively 48% and 33% of the vaccinated 

cases with exact date of vaccination available had obtained their vaccination more than 7 

or 14 days before symptom onset (Table 3.1). Based on the extrapolation from available 

dates of vaccination, we assumed that 22% of the cases had received vaccination more than 

7 days before the index date and 15% more than 14 days before the index date. Of the 

seven fatal cases, four had obtained pandemic vaccination. For only one, date of 

vaccination was present. This case had obtained the vaccine five days before symptom onset 

which was therefore considered as an invalid vaccination on the index date. For two fatal 

cases (29%) pandemic influenza vaccination was assumed to be valid (disease onset at 

November 29, 2009 and December 15th, 2009).  

Table 3.1 Vaccination history and completeness of data in cases, controls and controls with 
severe medical conditions. 

 Used cut off  Cases Controls Controls with 

severe medical 

conditions 
Crude vaccination coverage   46% 

 (68/149) 

46% 

(13012/28238) 

53%  

(5752/10830) 
Known vaccination date in 
vaccinees  49%  

(33/68) 

100% 

(13012/13012) 

100%  

(5752/5752) 
Valid vaccination in vaccinees 
with known vaccination date >7 days 

> 14 days 

48%  

(16/33) 

33% 

 (11/33) 

60% 

(7798/13012) 

19%  

(3715/13012) 

58%  

(3320/5752) 

27%  

(1551/5752) 
Assumed valid vaccination in 
vaccinees with unknown 
vaccination date 

>7 days 

> 14 days 

49%  

(17/35) 

31%  

(11/35) 

NA 

NA 

NA 

NA 

(Assumed) valid vaccination 
coverage  

>7 days 

> 14 days 

22%  

(16+17/149) 

15%  

(11+11/149) 

28%  

(7798/28238) 

13%  

(3715/28238) 

31%  

(3320/10830) 

14%  

(1551/10830) 
* NA = not applicable as for all controls, date of vaccination was available.  

In controls, 46% had obtained at least one dose of pandemic influenza vaccination at the 

index date, of which 60% more than 7 days before the index date and 19% more than 14 
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days before the index date (Table 3.1). This resulted in a valid vaccination coverage of 

respectively 28% and 13% in controls. Because of the matching in which each stratum 

contains a single case, no direct comparison of vaccination coverage between cases and 

controls is possible. 

Vacc i n e  e f f e c t i v e ne s s  

A considerable number of breakthrough infections was observed (Figure 3.2). The estimated 

VE was respectively 19% (95%CI: -28% - 49%) or < 0% (upper C.I. 30) when using a cut 

off of 7 or 14 days between date of vaccination and onset of disease (Table 3.2). The 

sensitivity analysis using imputed data yielded a VE of respectively 24% (95%CI: -139% - 

76%) and 26% (95%CI: -188% - 81%). The maximum VE (all vaccinations of cases with 

unknown date of vaccination were assumed invalid) was estimated at respectively 74% 

(95%CI: 53% - 86%) or 61% (95%CI: 19% - 82%).  

Table 3.2 Effectiveness of the pandemic influenza vaccine in preventing 2009 influenza 
A/H1N1-related hospitalisation 

 VE (%) (95%CI) 

 Exposure valid > 7 days between 

vaccination and disease onset 

Exposure valid > 14 days between 

vaccination and disease onset 

VE* 19 (-28 - 49) < 0 (upper C.I. 30) 

VE imputed data$ 24 (-139 - 76) 26 (-188 - 81) 

Restricted VE 49 (16 - 69) 35 (-26 - 66) 

Restr. VE imputed$ 51 (-59 - 85) 59 (-78 - 91) 

Maximum VE# 74 (53 - 86) 61 (19 - 82) 
* For 36 cases vaccination date was missing. Respectively 48% of the vaccinated cases with unknown vaccination 
date were assumed to be exposed using 7 days or 14 days as cut off for the validity of vaccination (extrapolation 
from cases with known date of vaccination).  
$ We used multiple imputation and sampled (n=10) from a uniform distribution with a lower bound of delay = 0 
and an upper bound of delay = number of days since the start of the study + 7. This upper bound is based on the 
start of the vaccination campaign relative to the start of this study.   
# For the maximum VE, vaccinations of all cases with unknown vaccination date were assumed invalid.  

Sen s i t i v i t y  a na l y s i s  r e s t r i c t ed  t o  con t r o l s  w i t h  s e ve r e  u nde r l y i ng  
med i ca l  c ond i t i o n s  

After restricting our analysis to controls who were prescribed at least five different types of 

medications (proxy for more severe underlying medical conditions), the control population 

included 10830 individuals (38% of original control sample; see Figure 3.1). The number of 

different prescriptions in the restricted population of controls ranged from 5 to 52, with a 

median of 7 prescriptions. Thirty-one percent of this selection of controls had obtained 

vaccination more than 7 days before the index date and 14% more than 14 days before 

the index date (Table 3.1), which resulted in a restricted VE of respectively 49% (95%CI: 

16% - 69%) or 35% (95%CI: -26% - 66%; Table 3.2). The sensitivity analysis using 
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imputed data yielded a restricted VE of respectively 51% (95%CI: -59% - 85%) and 59% 

(95%CI: -78% - 91%). The maximum VE using the restricted control population was 

estimated at respectively 84% (95%CI: 69% - 92%) or 81% (95%CI: 53% - 92%). 

D i s cu s s ion  

This matched case-control study showed a considerable number of breakthrough infections, 

resulting in modest VE estimates. These results suggest that the MF-59TM adjuvanted vaccine 

may have had only a limited impact in preventing influenza A(H1N1)pdm09-related 

hospitalisation in risk groups. Because pandemic vaccination started around the peak of the 

influenza A(H1N1)pdm09 epidemic in the Netherlands, missing date of vaccination in 

hospitalised cases is a severe limitation to this study. Applying different scenarios partly 

overcame this limitation and provided a range of VE estimates, though residual confounding 

by time cannot be excluded.  

As pandemics occur unexpectedly, and during pandemics available resources are heavily 

stretched, ideally routinely collected data should be used to provide estimates of VE against 

severe outcomes. We showed that using such data for VE estimates is feasible. However, 

observational studies to estimate the effectiveness of influenza vaccination are prone to bias 

(29-33). Our study is not immune to such potential bias and due to restricted available data 

we had only limited possibilities to adjust for potential confounding. The use of different 

types of routinely collected health care data and the consequent differences in the quality 

and level of information between cases and matched controls is a limitation of this study. In 

cases, vaccination status was self-reported whilst in controls vaccination was reported by the 

GP. GP registered data can be incomplete because of unreliable registration and because 

vaccination was also offered outside GP practices for certain individuals (i.e. those working 

in healthcare, those with children under the age of 6 months, children under the age of 5). By 

including controls who were eligible for vaccination by the GP and who were sampled from 

reliably-registering GPs we aimed to minimise potential underestimation of the vaccination 

coverage in controls. Recall bias in cases will have had only limited impact because of the 

short delay between the vaccination campaign and disease onset, and because of the 

substantial attention of the general population to the pandemic influenza vaccine.  

Frailty selection, resulting in confounding by severity, can be important in VE studies 

focussing on severe disease or hospitalisation as outcome (30, 31). Because the majority of 

the study population was relatively young (median age 48 years), and suffered from one 

kind of underlying medical condition, frailty is likely to have been of lesser importance 

relative to studies on seasonal influenza. Moreover, by matching our cases with controls on 

underlying medical conditions, we decreased the probability of confounding. However, 

because our cases could have been suffering from more severe underlying medical 

conditions than our matched controls, but without preventing them to obtain the vaccine, we 
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performed a sensitivity analysis post hoc using controls with more severe underlying 

conditions. Using this restriction, the VE was estimated to be 35% (95%CI: -26% - 66%) or 

up to 59% (95%CI: -78% - 91%) depending on the cut off and method used to define 

validity of vaccination. However, it is known that several of our cases did not use any 

medication, suggesting only mild underlying medical conditions in those cases. These 

restricted VE estimates are therefore likely an overestimation of the actual VE.  

The estimates of the effectiveness in preventing influenza A(H1N1)pdm09 related 

hospitalisation of the adjuvanted pandemic influenza vaccines used in Europe ranged from 

45% (95%CI: 3% - 69%; UK using a ASO3 adjuvanted vaccine (16)) to 90% (95%CI: 48% 

- 100%; Spain using several vaccines (18)) or even 100% (95%CI: ∞ - 100%; Scotland 

(13)). Even our maximum VE estimate was not as high as the Spanish and Scottish estimates. 

To determine the maximum VE, we assumed for all 35 cases with unknown date of 

vaccination (51% of all vaccinees) that vaccination took place within 7 or 14 days of 

symptom onset. These are unlikely realistic assumptions and therefore the maximum VE 

estimates are likely overestimated. A possible explanation for the wide range of VE 

estimates in Europe is the difference in inclusion criteria, the control group and the used 

vaccine. In Spain (18), the vaccine was distributed to the usual influenza risk groups 

(including those with obesity), but all hospitalised patients were included in the study. The UK 

study (16) and our Dutch study focussed on the population most at risk for severe outcome of 

an influenza infection, and therefore only included individuals eligible for vaccination 

because of an underlying medical condition or advanced age. It is known that individuals 

with certain types of underlying medical condition or older age have a reduced response to 

vaccination (34, 35). A lower VE is therefore expected in this susceptible population. 

Furthermore, earlier published studies on VE against hospitalisation used the test-negative 

case-control design (16, 18). This design is susceptible to imperfect specificity and sensitivity 

of diagnoses and the vaccine coverage in test-negative hospital cases is possibly not 

representative for the general population. In addition, differential health care seeking 

behaviour between test-positives and test-negatives could result in biased estimates. As we 

used national data of notifications and data of an extensive GP network which are 

representative for the country, we expect that our cases and controls originate from the 

same, general population. However, our data have limited possibilities to refute the 

presence of potential bias which may have led to an underestimation of the VE. 

The pandemic influenza vaccine used (19) contained half the amount of antigen relative to 

seasonal influenza vaccines plus an adjuvant to increase the immunogenicity. It is therefore 

not possible to make a direct comparison to seasonal influenza vaccines. However, the 

effectiveness of seasonal influenza vaccines in preventing influenza-related hospitalisations 

is also under debate. For seasonal influenza vaccination, a low VE estimate against 

hospitalisation (9-12%) was observed in those aged >50 years using a difference-in-
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differences design (36). Additionally, a Cochrane review concluded that seasonal influenza 

vaccination had no effect on hospital admissions or complication rates (17). Taking into 

account the differences in study design and vaccines used, the effectiveness of influenza 

vaccines to prevent influenza-related hospitalisation appears lower than the effectiveness in 

preventing clinical disease (11-16). The fact that those most at risk of complications and 

hospitalisations due to influenza react less favourably to the vaccine may have contributed 

to this difference. Adding the adjuvant to the vaccine did not overcome this problem in our 

population.  

Conc l u s ion  

In conclusion, the number of breakthrough infections resulting in a modest VE estimates 

suggests that the MF59TM adjuvanted vaccine may have had only a limited impact on 

preventing influenza A(H1N1)pdm09-related hospitalisation in this setting. As the main aim 

of influenza vaccination programmes is to reduce severe influenza-related morbidity and 

mortality from influenza in individuals at high risk of complications a more effective vaccine 

or additional preventive measures are needed. Furthermore, efforts should be made to put 

better real-time monitoring systems in place to study the effectiveness of influenza vaccines 

in preventing severe laboratory-confirmed influenza. 
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Abs t rac t  

During the 2009 influenza A (H1N1) pandemic several pandemic H1N1 vaccines were 

licensed using fast track procedures, with relatively limited data on the safety in children 

and adolescents. Different extensive safety monitoring efforts were put in place to ensure 

timely detection of adverse events following immunization. These combined efforts have 

generated large amounts of data on the safety of the different pandemic H1N1 vaccines, 

also in children and adolescents. In this review we summarize the safety experience with 

seasonal influenza vaccines as a background and focus on the clinical and post marketing 

safety data of the pandemic H1N1 vaccines in children. 

We identified 25 different clinical studies including 10,505 children and adolescents, both 

healthy and with underlying medical conditions, between the ages of 6 months and 23 

years. In addition, large monitoring efforts have resulted in large amounts of data, with 

almost 13,000 individual case reports in children and adolescents to the WHO. However, 

the diversity in methods and data presentation in clinical study publications and publications 

of spontaneous reports hampered the analysis of safety of the different vaccines.  

As a result, relatively little has been learned on the comparative safety of these pandemic 

H1N1 vaccines – particularly in children. It should be a collective effort to give added value 

to the enormous work going into the individual studies by adhering to available guidelines 

for the collection, analysis, and presentation of vaccine safety data in clinical studies and to 

guidance for the clinical investigation of medicinal products in the paediatric population. 

Importantly the pandemic has brought us the beginning of an infrastructure for collaborative 

vaccine safety studies in the EU, USA and globally. 
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I n t roduc t ion  

In the course of the 2009 influenza A (H1N1) pandemic, different pandemic H1N1 vaccines 

were made available to children and adolescents across the world at an unprecedented 

scale and speed. Several pandemic H1N1 vaccines were developed to mitigate the impact 

of the pandemic. All were based on the same isolate influenza A/California/7/2009 

(H1N1)v. However, vaccines differed in the methods for virus propagation, purification, and 

inactivation, as well as antigen preparation, the amount of antigen in the vaccine, the 

presence and type of adjuvants, and the presence of other excipients. Most pandemic H1N1 

vaccines were found to elicit a sufficient immune response after one dose for (healthy) 

persons aged 10 years and above. For children between 6 months and three years of age 

a second dose was recommended, and for some vaccines a second dose was also 

recommended for children between three and nine years of age (1). Following official 

recommendations from the World Health Organization (WHO)(2), Centers for Disease 

Control (CDC) (3), the European Union (4) and national health authorities, children in most 

countries were amongst the target groups of pandemic H1N1 vaccination campaigns. In 

some countries only children with underlying co-morbidities were targeted, in other countries 

also healthy children with or without age restrictions were vaccinated (5). 

Adjuvanted and non-adjuvanted monovalent pandemic H1N1 vaccines had been licensed in 

2009 through fast track procedures in order to ensure availability (6, 7). Due to this fast 

track authorization process, only limited safety data was available prior to wide spread 

distribution. The non-adjuvanted H1N1 vaccines were expected to have a similar safety 

profile to the well-established non-adjuvanted seasonal influenza vaccines for all age 

groups (8, 9). However in many countries in Europe and in Canada pandemic H1N1 vaccines 

with oil-in-water adjuvants (AS03, MF59) were used, also in children. At the time vaccination 

campaigns started, clinical data on these pandemic H1N1 vaccines in children was very 

limited. The safety profile for these vaccines was mostly based on non-clinical testing and on 

data derived from clinical studies with avian influenza mock-up vaccines, in addition to 

experience with an MF59 adjuvanted vaccine for over a decade in elderly in Italy (6, 10, 

11).  

Due to the scale and scope of the pandemic H1N1 vaccination campaigns and the paucity 

of safety data, a stringent risk management plan including the capacity for early detection 

of adverse events was essential. Extensive monitoring of the safety of the vaccines was put 

in place through boosting of existing national and international passive surveillance systems 

(e.g. EudraVigilance, World Health Organization-Uppsala Monitoring Centre (WHO-UMC), 

U.S. Vaccine Adverse Events Reporting System (VAERS), Canadian Adverse Events Following 

Immunization Surveillance System (CAEFISS) and Immunization Monitoring Program ACTive 

(IMPACT), and the Australian Adverse Drug Reactions System (ADRS)) and through new 

active surveillance activities in the USA and European Union (12, 13). Adverse events of 
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special interest (AESIs), listed by the Committee for Human Medicinal Products (CHMP) in 

Europe and the Food and Drug Administration (FDA), included neuritis, convulsions, 

anaphylaxis, encephalitis, vasculitis, Guillain-Barré syndrome (GBS), Bell’s palsy, 

demyelinating disorders, and laboratory-confirmed vaccination failure. In the USA, the FDA 

and Centers for Disease Control and Prevention (CDC) conducted active surveillance for the 

2009 pandemic H1N1 vaccines through the newly established Post-Licensure Rapid 

Immunization Safety Monitoring (PRISM) project and the existing Vaccine Safety Datalink 

(VSD) (13). Under the auspices of WHO, a global study was initiated on the association 

between pandemic H1N1 vaccines and GBS. The European Centre for Disease Prevention 

and Control (ECDC) funded the Vaccine Adverse Event Surveillance & Communication 

(VAESCO) project to investigate the background rates of AESIs and the association between 

pandemic H1N1 vaccines and GBS in European countries (14).  

The different passive and active surveillance efforts generated large amounts of information 

on the safety of the pandemic H1N1 vaccines, including in children. In this overview we 

summarize the safety experience with seasonal influenza vaccines as a background and 

focus on the clinical and post marketing safety data of the pandemic H1N1 vaccines in 

children. Although the monovalent pandemic H1N1 vaccines are not expected to be used 

again on a large scale any time soon, the safety of these vaccines may have wider 

implications for the use of (adjuvanted) influenza vaccines in children, and lessons can be 

learned for future safety monitoring efforts in mass vaccination campaigns. 

To find data on the safety of pandemic H1N1 vaccines in children we searched PUBMED 

using the MESH term [influenza vaccines] which was subsequently limited to “All child (0-18 

years)” and to articles published in the past three years. Further publications were derived 

from reference lists of identified articles and unpublished data was sought specifically to 

identify clinical studies, post marketing studies and case reports with data on the safety of 

pandemic H1N1 vaccines in children. In addition we searched websites of national health 

authorities and international health and regulatory organization(15-18). 

Background  exper ience  w i t h  seasona l  i n f l uenza  vacc i ne s  i n  
ch i ld ren  

Existing evidence on traditional trivalent inactivated vaccines shows that these vaccines are 

generally well tolerated, with a minority of recipients reporting mild transient systemic 

reactions such as fever, malaise and myalgia (8, 19-26). Systemic symptoms mostly occur in 

young children (6 months – 3 years). This may be related to the first exposure to the viral 

antigens as part of the vaccine (23). In a review of the safety of trivalent inactivated 

vaccines in children under 2 years from VAERS, the most frequently reported adverse events 

were fever, rash, injection-site reactions and febrile seizures (27). A signal related to febrile 
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seizures in young children following trivalent inactivated vaccines as detected in VAERS was 

not confirmed in further studies (28).  

Live attenuated influenza vaccines have been found to be equally safe as inactivated 

influenza vaccines in children. However, in infants and toddlers under the age of 2 years an 

increase in wheezing or reactive airway disease occurred in association with live attenuated 

influenza vaccines. Therefore, the use has been restricted to children over 2 years, and not 

recommended for children between 2 and 3 years with asthma or with recurrent wheezing 

(29-33).  

Serious adverse reactions following seasonal influenza vaccination are rare (21, 25, 34) and 

include (febrile) seizures, anaphylaxis, exacerbation or new onset of asthma, GBS, oculo-

respiratory syndrome (ORS) and Bell's palsy (25, 27, 35-38).  

Safe ty  o f  pandemic  H1N1 vacc i ne s  i n  ch i ld ren :  da ta  f rom 
c l i n i ca l  s t ud ie s  

The safety data of inactivated influenza vaccines coming from clinical studies focus mostly on 

solicited and unsolicited local and systemic reactions, as other vaccine related adverse 

events are uncommon and clinical studies are generally too small to detect rare adverse 

events. Consequently, this section will mostly concentrate on the reactogenicity of the 

different vaccine formulations. 

We identified 15 publications in peer reviewed journals regarding 13 clinical studies of 

different pandemic H1N1 vaccines which reported safety data in healthy children (39-54). 

An overview of these studies is given in Table 4.1. 



66 | Chapter 4 

  
A

ut
ho

rs
 

St
ud

y 
ty

p
e 

Bl
in

d
in

g
 

Ra
nd

om
 

a
llo

ca
tio

n 
Re

g
is
tr

a
tio

n 
C

ou
nt

ry
 

Ty
p

e 
of

 v
a
cc

in
e 

A
g

es
 

N
 

A
m

ou
nt

 o
f 

a
nt

ig
en

 

Zh
u 

et
 a

l. 
2

0
0

9
 (
4

3
) 

Pl
a

ce
b

o 
co

nt
ro

lle
d

 
D

ou
b
le

 
Y

es
 

N
C

T0
0

9
7

5
5

7
2

 
C

hi
na

 
in

a
ct

iv
a

te
d

, s
p
lit

, A
L 

a
d

ju
va

nt
ed

 
3

y-
1

7
y 

5
5

0
 

7
.5

 µ
g
 /

1
5
 µ

g
 

/3
0
 µ

g
 

 
 

 
 

 
 

in
a

ct
iv

a
te

d
, s

p
lit

  
3

y-
1

7
y 

4
4

0
 

1
5

 µ
g
 /

 3
0

 µ
g

 

A
rg

ue
d

a
s 

et
 a

l. 
2

0
1

0
 (
4

8
, 4

9
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

O
p

en
 

Y
es

 
N

C
T0

0
9

7
3

7
0

0
 

C
os

ta
 R

ic
a

 
M

F5
9

 a
d

ju
va

nt
ed

 e
g

g
 b

a
se

d
 

3
y-

1
7

y 
1

0
8

 
7

.5
 µ

g
  

 
 

 
 

 
In

a
ct

iv
a

te
d

 s
ub

un
it 

 
3

y-
1

7
y 

2
7

9
 

1
5

 µ
g

 /
 3

0
 µ

g
 

C
a

rm
on

a
 e

t 
a

l. 
2

0
1

0
 (
5

3
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

O
p

en
 

Y
es

 
N

C
T0

0
9

7
1

3
2

1
 

Sp
a

in
 

A
S0

3
 a

d
ju

va
nt

ed
 

6
m

-3
5
m

 
1
0
4

 
1
.9

µ
g

 

6
m

-3
5
m

 
5
3
 

3
.7

5
µ

g
 

Li
a
ng

 e
t 

a
l. 

2
0

1
0

 (
4

7
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

D
ou

b
le

 
Y

es
 

N
C

T0
0
9
5

6
1
1
1

 
N

C
T0

0
9
7

5
5
7
2

*  

C
hi

na
 

in
a

ct
iv

a
te

d
, s

p
lit

  
3

y-
1

8
y 

4
5

7
2

 
7
.5

 µ
g
 /

1
5
 µ

g
 

/3
0
 µ

g
 

  
 

 
 

 
in

a
ct

iv
a

te
d

, s
p
lit

 A
L 

a
d
ju

va
nt

ed
 

3
y-

1
8

y 
8

4
4

 
7
.5

 µ
g
 /

1
5
 µ

g
 

/3
0
 µ

g
 

Lu
 e

t 
a

l. 
2

0
1

0
 (
4

0
) 

Si
ng

le
 

in
te

rv
en

tio
n 

O
p

en
 

N
o 

no
ne

 
Ta

iw
a

n 
in

a
ct

iv
a

te
d

, s
p
lit

  
1

y-
1

7
y 

1
8

0
 

7
.5

 µ
g
  
/ 

1
5

 µ
g

 

M
a

llo
ry

 e
t 
a

l. 
2

0
1

0
 (
5

4
) 

Pl
a

ce
b

o 
co

nt
ro

lle
d

 
D

ou
b
le

 
Y

es
 

N
C

T0
0

9
4

6
1

0
1

 
U

S 
Li

ve
 A

tte
nu

a
te

d
 

2
-1

7
y 

2
5

9
 

1
0

 e
7

 F
FU

 

N
ol

a
n 

et
 a

l. 
2

0
1

0
 (
4

4
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

Si
ng

le
 

Y
es

 
N

C
T0

0
9

4
0

1
0

8
 

A
us

tr
a
lia

 
in

a
ct

iv
a

te
d

, s
p
lit

  
6

m
-9

y 
3

6
9

 
1

5
 µ

g
 /

 3
0

 µ
g

 

O
h 

et
 a

l. 
2

0
1

0
 (
3

9
) 

Si
ng

le
 

in
te

rv
en

tio
n 

O
p

en
 

N
o 

no
ne

 
K

or
ea

 
in

a
ct

iv
a

te
d

, s
p
lit

  
6

m
-1

8
y 

2
4

8
 

7
.5

 µ
g
  
/ 

1
5

 µ
g

 

W
a

d
d

in
g
to

n 
et

 a
l 2

0
1

0
 (
4

5
, 

4
6

) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

O
p

en
 

Y
es

 
N

C
T0

0
9

8
0

8
5

0
 

U
K

 
W

ho
le

 v
ir
io

n 
6

m
-1

2
y 

4
6

6
 

7
.5

 µ
g

  

 
 

 
 

 
A

S0
3
 a

d
ju

va
nt

ed
  

6
m

-1
2
y 

4
5
1

 
1
.9

µ
g

 

Y
a

su
d

a
 e

t 
a

l. 
2

0
1

0
 (
5

0
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

Si
ng

le
 

Y
es

 
N

C
T0

1
0

0
0

2
0

7
 

Ja
p

a
n 

M
F5

9
 a

d
ju

va
nt

ed
 c

el
l b

a
se

d
 

6
m

-1
9

y 
1

2
0

 
3

.7
5

µ
g

 /
 7

.5
 µ

g
  

G
a

rc
ia

-S
ic

ili
a

 e
t 
a

l. 
2

0
1

1
 (
5

1
) 

Si
ng

le
 

in
te

rv
en

tio
n 

O
p

en
 

N
o 

N
C

T0
0

9
6

4
1

5
8

 
Sp

a
in

 
A

S0
3

 a
d

ju
va

nt
ed

  
3

y-
1

7
y 

2
3

9
 

1
.9

µ
g

 

G
a

rc
ia

-S
ic

ili
a

 e
t 
a

l. 
2

0
1

1
 (
5

1
) 

Si
ng

le
 

in
te

rv
en

tio
n 

O
p

en
 

N
o 

N
C

T0
0

9
7

2
5

1
7

 
G

er
m

a
ny

 
A

S0
3

 a
d

ju
va

nt
ed

  
3

y-
1

7
y 

2
0

2
 

3
.7

5
µ

g
 

Pl
en

ne
va

ux
 e

t 
a

l. 
2

0
1

1
 (
4

1
, 

4
2

) 
Pl

a
ce

b
o 

co
nt

ro
lle

d
 

Si
ng

le
 

Y
es

 
N

C
T0

0
9

5
2

4
1

9
 

U
S 

in
a

ct
iv

a
te

d
, s

p
lit

  
6

m
-9

y 
4

2
3

 
7

.5
 µ

g
  
/ 

1
5

 µ
g

 

Sc
he

if
el

e 
et

 a
l. 

2
0

1
1

 (
5

2
) 

Pa
ra

lle
l 

in
te

rv
en

tio
n 

Si
ng

le
 

Y
es

 
N

C
T0

1
0

0
0

8
3

1
 

C
a

na
d

a
 

A
S0

3
 a

d
ju

va
nt

ed
  

6
-3

5
m

 
1

6
7

 
1

.9
µ

g
 

* 
of

 th
e 

1
0

 s
ite

s 
in

cl
ud

ed
 2

 w
er

e 
re

g
ist

er
ed

 a
t c

lin
ic

al
tr

ia
ls
.g

ov
 

 Ta
b

le
 4

.1
 O

ve
rv

ie
w

 o
f 

cl
in

ic
a

l s
tu

d
ie

s 
ev

a
lu

a
tin

g
 p

a
nd

em
ic

 H
1

N
1

 v
a

cc
in

es
 in

 c
hi

ld
re

n 



Safety of pandemic H1N1 vaccines in children and adolescents | 67 

Monova l e n t  non -ad j u van t ed  i na c t i va t ed  pandem i c  H1N1 vac c i n e s  

In total, nine publications on seven clinical studies were identified that reported data on the 

safety of monovalent inactivated pandemic H1N1 vaccines in healthy children (39-44, 47-

49). These studies were conducted in Australia, China (n=2), Costa Rica, Korea, Taiwan and 

the United States. Each study evaluated two doses with varying amounts of antigen. In total, 

the identified studies included 6,511 children between 6 months and 18 years of age who 

were exposed to inactivated split or subunit pandemic H1N1 vaccines.  

In none of the studies vaccine related serious adverse events, deaths or AESIs were reported. 

All studies, except Liang et al, recorded events over a period of 7 days following 

vaccination and all studies examined two doses. There was, however, little consistency 

between studies regarding event definition and event types recorded. Lu et al.  (40) is the 

only study reporting “nasal congestion” with inactivated vaccines and reported this as the 

most common systemic reaction in all age groups. Liang et al. considered a body 

temperature of 37.1°C as fever, whilst other studies reported fever as a body temperature 

≥38°C, and Plennevaux et al. only reported fever above ≥39.5°C for children up to two 

years of age and ≥39.0°C for older children. Moreover, studies were inconsistent in the age 

categories used to present their results. Because of the methodological differences between 

studies and the heterogeneity of safety reporting, comparisons of the frequency of 

reactogenicity to vaccination can only reliably be made within studies.  

Two of the identified studies were placebo controlled studies (41, 47). Plennevaux et al. did 

not detect differences in reactogenicity between the inactivated pandemic H1N1 vaccine 

and placebo. Conversely, Liang et al. observed increased reactogenicity associated with the 

vaccine as compared to the placebo. The absolute reactogenicity in this study was lower 

than in the study of Plennevaux et al. This may possibly be due to the shorter observation 

period (3 days compared to 7 days) in the study by Liang et al.  

Two studies detected higher reactogenicity associated with the first dose (41, 47), three 

studies did not find noticeable differences between the first and second dose (39, 40, 44) 

and one study found an increased reactogenicity associated with the second dose (43).  

The frequency of events per age group across studies ranged significantly. Local reactions 

were reported by 27% to 54% of children between 6 months and 3 years, by 15% to 61% 

of children between 3 and 12 years old and by 13% to 36% of children between 9 and 18 

years old, dependent on the study. Systemic reactions following the first dose were reported 

in 31%-58%, 17%-35% and 16%-58% of children respectively. This may also be due to 

differences in study methodology and data presentation. 
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Not all studies reported all local or systemic reactions per age category (43, 44, 47). Zhu et 

al. (43) evaluated the effect of age on the safety of the vaccine, and found higher systemic 

reactogenicity for adolescents (12-17 years) as compared to children (3-11 years). 

However, they did not present numbers or types of reactions per age group. No clear effect 

of age was seen by Liang et al. (47). Other studies did not compare the reactogenicity 

between age groups. 

None of the studies specifically evaluating the amount of antigen in the vaccine found either 

an increased or decreased reactogenicity with increasing amounts of antigen per dose (41, 

43, 44). The results from Liang et al. do point towards an increase in reactions with antigen 

dose. Unfortunately this data was not reported separately for children. Lu et al. reported 

increased pain at injection site associated with the 15µg formulation as compared to the 

7.5µg formulation. However, the 7.5µg was given to children at 1 to 2 years of age whilst 

only older children received the 15 µg formulation and the expression of pain is subject to 

age specific differences. 

Considering the reactogenicity reported in the studies for inactivated non-adjuvanted 

pandemic H1N1 vaccines, no clear pattern of an age, dose or antigen related effect 

emerges. Overall, little can be concluded on the available data, besides that no alarming 

safety issues for the monovalent inactivated pandemic H1N1 vaccines have emerged from 

clinical studies. The limited comparability of pre-licensure vaccine safety data from 

published studies is a missed opportunity given that the issue is known, standardized case 

definitions and guidelines for data collection, analysis, and presentation are available for 

adverse events following immunization (AEFI) of interest related to influenza vaccines and 

their use is recommended by regulatory authorities (55-58). 

L i v e  a t t e n ua t ed  pandem i c  H1N1 vac c i n e s  

One study was identified that evaluated a live attenuated pandemic H1N1 vaccine in 

children (54). Mallory et al randomized 326 children aged 2 to 17 years to either live 

attenuated pandemic H1N1 vaccine (n=261) or placebo (n=65), and did not see a 

significant difference in rates of solicited reactions or adverse events. Less solicited reactions 

and adverse events occurred following the second dose compared to the first. No vaccine 

related serious adverse events were reported. 
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Monovalent adjuvanted pandemic H1N1 vaccines 

Nine studies were identified with pandemic H1N1 vaccines with either oil-in-water adjuvants 

(MF59, AS03) or aluminum adjuvants (43, 45-53). Safety data were reported for 230 

children exposed to MF59, 1,224 exposed to AS03 (255 to AS03A and 969 to AS03B), 

and 1,394 children exposed to aluminum adjuvanted vaccines. Local and systemic 

reactogenicity for the oil-in-water adjuvants is presented in table 4.2. 

M F 5 9  

Two studies were identified reporting data on two different MF59 adjuvanted pandemic 

H1N1 vaccines (49, 50). Yasuda et al. compared a half dose versus a full dose of a cell 

culture-derived MF59 adjuvanted pandemic H1N1 vaccine in children aged 6 months to 19 

years in Japan, given in two doses (50). They found that the full vaccine dose (7.5µg) was 

more reactogenic than the half dose, and that the frequency and severity of reactions did 

not increase after the second dose. There were five serious adverse events reported in this 

study, all of which were considered unrelated to the vaccine. These concerned one fracture 

and four instances of influenza: three children who contracted influenza A infections and one 

child an influenza B infection. One child developed influenza A (H1N1) six days after 

receiving the first dose of the 3.75µg vaccine and two children who developed influenza A 

seven and 25 days after the first dose of the 7.5µg vaccine.  

Arguedas et al. evaluated the safety of an egg-based MF59 adjuvanted pandemic H1N1 

vaccine and compared this to an inactivated split pandemic H1N1 vaccine in children aged 

3 to 17 years (49). The adjuvanted vaccine was more reactogenic than the non-adjuvanted 

vaccine, which was most apparent in children between 9 and 17 years. Similar local 

reactogenicity was seen following the first and second dose whereas systemic reactogenicity 

was lower with the second dose. Children aged 9 to 17 years reported more systemic 

reactions compared to children aged 3 to 8 years. Although fever (≥38°C) was solicited as 

adverse event, no information on fever was reported (48, 49).  

A S 0 3   

Five different clinical studies were identified that evaluated the safety of AS03-adjuvanted 

pandemic H1N1 vaccines in children. Two compared 1.9µg AS03B with 3.75µg AS03A-

adjuvanted vaccines (51, 53), a non-comparative study evaluated the 1.9µg AS03B 

formulation (52) and one study compared the 1.9µg AS03B adjuvanted vaccine with a 

whole virion cell culture-derived vaccine (45, 46) in different age groups. 

Carmona et al. (53) found that in children aged 6 months to 3 years local reactions 

increased with the 3.75µg AS03A-adjuvanted vaccine compared to the 1.9µg AS03B-

adjuvanted vaccine, though not significantly. Similar observations were made by Garcia-
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Scilia et al. in children aged 3 to 17 years, where a higher amount of antigen and adjuvant 

was associated with higher reactogenicity (51).  

In the study by Carmona et al. mild, moderate and sever local and systemic reactions 

increased with the second dose, most notably for fever which was reported by 

approximately 20% following the first dose and around 70% following the second dose for 

both formulations (53). Garcia-Scilia et al. also saw an increase in systemic reactions 

following the second dose compared to the first dose, however this was mainly with the 3.75 

µg AS03A formulation and, unlike Carmona et al. , was not significant for local reactions 

(not included in table 4.2 as information was not presented numerically) (51).  

Scheifele et al. reported much lower fever rates of 3.6% after the first dose and 8.6% after 

the second, yet also showing a significant increase with the second dose in children aged 

6months to 3 years (52). The lower rates could be the result of the difference in definitions 

of fever applied in the studies, although other factors might play a role as well. 

Waddington et al. also found the second dose to be more reactogenic than the first dose, 

most pronounced for fever in children between 6 months and 5 years (8.9% vs 22.4%). They 

did not see an increase in fever following the second dose in children aged 5 to 12 years 

(7.7% vs 6.3%) (46). 

One AESI occurred in the study by Waddington et al. A child aged 11 months developed 

reactive arthritis following vaccination, which was judged possibly related to the vaccine, 

and resolved within 10 days (45, 46). No AESIs or vaccine related serious adverse events 

were reported by the three other studies. 

A L U M I N I U M   

Two studies included aluminum adjuvanted pandemic H1N1 vaccines with different amounts 

of antigen in different age groups (43, 47). Solicited local adverse events following the first 

dose varied between 12% and 27.4%. There was no apparent relation between 

reactogenicity and amount of antigen or age for the aluminum adjuvanted formulations. Zhu 

et al. found that the adjuvant was associated with increased systemic reactogenicity. A 

similar trend can be seen in the data by Liang et al. , although this data was not presented 

for children separately.  
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Who le  v i r i on  pandemic  H1N1 vacc i ne s  

The study by Waddington et al. evaluated a whole virion cell culture-derived pandemic 

H1N1 vaccine in comparison to an AS03 adjuvanted vaccine (46). The whole virion vaccine 

appears to be less reactogenic compared to the AS03 adjuvanted vaccine, as can be seen 

in table 4.2. For example, less severe local reactions were reported following the whole 

virion vaccine; 1.1% vs 7.2% after the first dose in children over 5 years. This was seen over 

almost the entire range of solicited adverse events. No clear difference between the first 

and second dose was seen in children less than 5 years of age. In children between 5 and 

12 years of age the second dose was associated with a reduced rate of “feeling unwell” 

(15% vs 25% after the first dose), yet an increase in nausea and vomiting (10% vs 1% after 

the first dose) which was not seen for the AS03 adjuvanted vaccine. 

S t ud ie s  i n  ch i ld ren  w i t h  under ly i ng  med i ca l  cond i t i on s  

Ten studies were identified that evaluated different pandemic H1N1 vaccines in a total of 

431 children and adolescents with underlying disease (59, 61-69). An additional study 

investigated pandemic H1N1 vaccination in 390 persons with asthma, including adolescents 

12 years and above (60). An overview of all studies is presented in table 4.3. Most were 

single intervention, observational studies (59, 60, 62, 63, 67). Two studies included healthy 

controls (61, 64), and one study included hospital controls with different medical conditions 

(68). The two remaining studies evaluated the effect of simultaneous vs. sequential 

administration of seasonal and pandemic H1N1 vaccines in pediatric kidney patients (65) 

and HIV infected patients (66). None of the studies compared adjuvanted and non-

adjuvanted vaccine formulations. Two studies did not report any safety outcomes (67, 69), 

and the study in five pediatric heart transplant patients was too small for meaningful 

observations (63). Torii et al only reported that there were no systemic reactions and no 

allograft rejections in a cohort of renal transplant patients (68), and Busse et al only 

reported safety findings by asthma severity in a cohort of asthma patients aged 12-79 

years (60). The studies that included healthy controls did not observe any difference in 

reactogenicity or safety in children and adolescents with underlying medical conditions. The 

study in pediatric cancer patients had a relatively low fever rate, however all participants 

with fever had to be hospitalized and treated with intravenous antibiotics and two became 

neutropenic (59). No other significant adverse events were seen in any of the studies found. 

Spon taneous  repor t s ,  ca se  repor t s ,  s u rve i l lance  e f fo r t s   

Several overviews on reported adverse events after administration of pandemic H1N1 

vaccines have been published worldwide (15-18, 70-83). Reported events are mostly 

presented in stratified age-categories, often including paediatric groups. Only few 
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publications actually present age-specific reporting rates.(72-75) An overview of the 

number of reported events in children and adolescents reported by different sources is given 

in table 4.4. Importantly, many of the sources of spontaneous reports contain overlapping 

information as reports within national databases are also centrally collected by the WHO-

UMC and, for European licensed vaccines in the EudraVigilance database. As a result of the 

overlap, comparisons between different publications are difficult to make. 

Numbe r  o f  r epo r t s  

The most complete overview of the number of spontaneous reports for children and 

adolescents after administration of pandemic H1N1 vaccines is published by the WHO-UMC 

(71). Up to February 2011, 34,256 individual case safety reports (ICSRs) on 110,883 

suspected AEFI were received from 31 countries worldwide spanning 11 different vaccine 

brands. Of these, 12,900 ICSRs (37.6%) were reported for children and adolescents. The 

majority of the reports are in children aged 2-≤11 years (n=7,650; 59.3% of reports on 

children). The most frequently suspected vaccine was the AS03 adjuvanted vaccine 

(Pandemrix, n=6,260; 48.5%), followed by reports for vaccines with unknown brand 

(n=5,249; 40.7%). For the AS03 adjuvanted vaccine 46.1% of the reports were reported 

for the paediatric population, of which 0.3% were related to neonates <28 days, 29.5% to 

infants/children 28 days to 23 months, 57.5% for children age 2-≤11 years, and 12.7% 

for adolescents 12-≤17 years of age. For each vaccine the WHO-UMC presented the 

number of reported events stratified by system organ class (SOC) and the number of 

reported adverse events of special interest. These results were not stratified by age-

category. 

Repo r t i ng  ra t e s  

We identified three studies that calculated reporting rates based on the number of reported 

adverse events and the number of vaccinated persons (72, 73, 75). An overview of the rates 

is given in table 4.5. These three studies were all based on spontaneous reporting. Reporting 

rates for serious adverse events ranged from 6.8 to 10.7 per 1,000,000 doses or 

vaccinated persons. The number of exposed persons per vaccine has not been published. 

Rates for non-serious events ranged from 82 to 120 per 100,000 doses or vaccinated 

persons. Reporting rates for serious events tend to be higher in the younger children 

compared to adolescents and adults. Vellozzi et al compared the reporting rates for the 

pandemic H1N1 vaccines with the events for seasonal vaccines in the previous seasons using 

the VAERS data. The rate for serious events was significantly higher for the pandemic H1N1 

vaccines for all age groups except for children under the age of 5 years (73). 
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Table 4.5 Reporting rates of adverse events based on spontaneous reporting for pandemic 
H1N1 vaccines in children 

Author Country Vaccine Age Serious adverse 

events 

Non-serious 

adverse events 

Total 

Folkenberg 
et al.(72) 

  

  

Denmark

  

  

Pandemrix 

  

  

0-4 
years 

    30.61 / 
1,000,000 
vaccinated 
persons 

5-14 
years 

    27.02 / 
1,000,000 
vaccinated 
persons 

15-64 
years 

    22.55 / 
1,000,000 
vaccinated 
persons 

Vellozzi et 
al.(73) 

  

US  Inactivated; 
Live, 
attenuated, 
unknown 

  

0.5-4 
years 

8.1/1,000,000 
vaccinated 
persons 

113.2/1,000,000 
vaccinated 
persons 

  

5-24 
years 

6.8/1,000,000 
vaccinated 
persons 

120.4/1,000,000 
vaccinated 
persons 

  

Liang et 
al.(75) 

  

China 

  

Non-adjuvant, 
split-virion 
vaccins 

  

≤9 years 10.7/1,000,000 
doses 

119.9/1,000,000 
doses 

130.6 / 
1,000,000 doses 

10-19 
years 

7.7/1,000,000 
doses 

82.4/1,000,000 
doses 

90.1 / 
1,000,000 doses 

Rates were transformed to 1/1,000,000 administered doses or vaccinated persons to enhance 
comparisons 

 

Wu et al. (74) calculated reporting rates based on stimulated surveillance. This resulted in 

higher reporting rates: 0.77% (95%CI 0.54-1.01) for children aged 4 to 11 years and 

0.28% (95%CI 0.22-0.35%) for adolescents aged 12 to 17 years. 

Differences in reporting rates acquired through spontaneous reporting and those observed 

with active surveillance were also seen in the Spanish study by Carvajal et al (82). 

Comparing spontaneous reporting rates with rates based on a follow-up study it was 

estimated by the authors that the spontaneous reporting rates were 322-fold lower than the 

study rates. For serious events the rate of spontaneous reports was 37-fold lower. 

Type s  o f  e ven t s   

Parretta et al. presented the number of reported events on a SOC level for three pediatric 

age groups from Italy, all concerning the MF59 adjuvanted vaccine. For children aged 0.5-

<2 years and 2-11 years, most reports were reported for the SOCs ‘General disorders and 

administration site conditions’ (59.5% resp. 63.6%), ‘Skin and subcutaneous tissue disorders’ 
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(24.3% resp. 18.5%) and ‘Nervous system disorders’ (24.3% resp. 25.3%). For adolescents 

aged 12-17 years the reports were within ‘General disorders and administration site 

conditions’ (66.1%), ‘Nervous system disorders’ (32.2%) and ‘Respiratory, thoracic and 

mediastinal disorders’ (8.5%).  

For the pandemic H1N1 vaccines licensed centrally in Europe the most frequently reported 

adverse events in children and adolescents per vaccine were published by EMA (18). For the 

AS03 adjuvanted pandemic H1N1 vaccine produced in Canada (Arepanrix) these were 

anaphylactic reaction, cough, cyanosis, dyspnoea, angioedema, urticaria, throat tightness, 

pyrexia, nausea, erythema, rash, pallor, flushing, anaphylactic shock, hypersensitivity, 

depressed level of consciousness and wheezing. For AS03 adjuvanted pandemic H1N1 

vaccine(Pandemrix) produced in Europe, the most frequently reported events were pyrexia, 

hyperpyrexia, vomiting, injection-site pain, headache, diarrhoea, cough, fatigue, rash, 

decreased appetite, nausea, abdominal pain, malaise, injection-site erythema, crying, 

somnolence, pallor, injection site swelling, listlessness, syncope, dyspnoea, pain in extremity, 

febrile convulsion, influenza-like illness, myalgia, urticaria, dizziness, erythema, tearfulness 

and erythema. The only difference between the two AS03 adjuvanted vaccines is the 

production site, they can otherwise be considered identical (84, 85). For the whole virion cell 

culture derived vaccine, dizziness, medication error, vomiting, nausea, pallor, pyrexia, 

headache, hypersensitivity, syncope, underdose, injection site pain, rash, fatigue, malaise, 

diarrhoea, vision blurred, feeling hot and wrong technique in drug usage process. For the 

MF59 adjuvanted pandemic H1N1 vaccine the following adverse events were most 

frequently reported in children: drug exposure during pregnancy, pyrexia, headache, 

premature baby, hyperpyrexia, vomiting, cough, small for dates baby, nausea, abdominal 

pain, diarrhoea, injection-site pain, myalgia, fatigue, influenza like illness, large for dates 

baby, dyspnoea, rash, malaise, urticaria, infection and convulsion.  

Case  r epo r t s  

Six published case-reports were identified on children and adolescents experiencing 

adverse events after administration of a pandemic H1N1 vaccine. Two reports from Canada 

were identified. A 2-year old boy experienced bilateral optic neuritis and acute 

disseminated encephalomyelitits (ADEM) after two doses of AS03 adjuvanted pandemic 

H1N1 vaccine (86), and an 11-year old boy was diagnosed with GBS 13 days after 

vaccination with AS03 adjuvanted pandemic H1N1 vaccine (87). Two reports after 

vaccination with non-adjuvanted pandemic H1N1 vaccines were reported from China. A 17-

year old Chinese girl experiencing bilateral sudden hearing loss 14 hours after vaccination 

(88) and a 13-year old boy diagnosed with acute transverse myelitis 5 days after 

vaccination (89). One report concerned a 9-year old boy from the United States with 

papular acrodermatitis of childhood, or Gianotti-Crosti syndrome following vaccination with 
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a live attenuated intranasal pandemic H1N1 vaccine (90). The final report concerned a 6-

year old boy from France experiencing Cytophagic histiocytic panniculitis 1 week after the 

second injection of non-adjuvanted pandemic H1N1 vaccine (91). 

Observa t iona l  s t ud ie s ,  ac t i ve  su rve i l lance  

Few observational studies evaluating potential adverse effects of pandemic H1N1 

vaccination been published so far, although several are still ongoing. A German study 

compared adverse events following pandemic H1N1 vaccination in 72 children and 

adolescents (1 to 19 years) after liver transplantation with 27 vaccinated healthy siblings 

and 243 from a database (92). Most common adverse events reported were local 

symptoms. There was no significant difference in the frequency of adverse events between 

patients and controls, except for headache, diarrhea, fatigue and muscle pain which were 

reported at lower rates in the transplantation group. Another prospective cohort study, 

monitoring immunocompromised and immunocompetent children and adolescents either 

immunized with AS03 or MF59 adjuvanted pandemic H1N1 vaccine, or with confirmed 

influenza infection, found that adverse events increased with age and were more frequent 

following exposure to AS03 adjuvanted vaccine than to MF59 adjuvanted vaccine (93). In 

the Netherlands a study into the occurrence of fever following vaccination with the AS03 

adjuvanted pandemic H1N1 vaccine in children between 6 months and 4 years of age was 

conducted (83). In this study, all parents or caregivers reporting fever to the Adverse drug 

reaction reporting database of the Netherlands Pharmacovigilance Center following the first 

dose of pandemic H1N1 vaccine were sent questionnaires. They found that 44% of children 

who experienced fever following the first dose did not develop fever following the second 

dose and that those with fever following the second dose experienced a less severe course. 

Unfortunately, this study did not consider those who did not develop fever following the first 

dose but did develop fever following the second dose. The EMA published a warning on 

their website concerning the risk of fever in young children after with the second dose of the 

AS03-adjuvanted pandemic H1N1 vaccine (94). 

Following the experience with swine flu vaccination in 1976 in the US, much attention has 

gone out GBS in the active surveillance studies. The potential association with pandemic 

H1N1 vaccination has been evaluated in different studies in the US (95), Europe (96, 97) 

and Korea (80). All these studies included cases in children or adolescents. For the overall 

population no association between GBS and pandemic H1N1 vaccination was detected. 

Numbers were too low to draw conclusions for the pediatric population specifically. 

Preliminary results from a US based study indicate a small excess risk of 0.8 cases per 1 

million vaccinations (95). 
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In August 2010 reports of a possible association between exposure to AS03 adjuvanted 

pandemic H1N1 vaccine and occurrence of narcolepsy-cataplexy in children and 

adolescents emerged first in Sweden and later in Finland, leading to the recommended 

discontinuation of this vaccine in these countries and a review of this vaccine within the EMA 

(98, 99). At the same time, France reported 6 cases, 5 following the AS03 adjuvanted 

vaccine and 1 following an inactivated split pandemic H1N1 vaccine (100). In November 

2010 a publication appeared discussing 14 cases of narcolepsy after H1N1 vaccination, 

and 2 after H1N1 infection cases from 3 sleep centres in the US, Canada and France (101). 

Since then more cases have been identified, mostly in children and adolescents. A registry 

study in Finland, published in February 2011, found a 9-fold increase in narcolepsy in 

association with the AS03 adjuvanted pandemic H1N1 vaccine (102). Two Swedish studies 

also strengthened the signal by observing a relative risk of 4.19 (103) and 6.6 (104). A 

causal association between the onset of narcolepsy and exposure to a pandemic H1N1 

vaccine has not been established. Alternative explanations accounting for the observed 

epidemiological association, have not been fully investigated so far. This includes effect 

modification by circulating pandemic virus, other circulating infections, or seasonal influenza 

vaccine. It also includes diagnostic bias by preferential shortening of the time to diagnosis in 

exposed cases due to increased awareness of narcolepsy and the potential relation with the 

vaccine. Currently, extended epidemiological assessments of the association between 

narcolepsy and pandemic H1N1 influenza vaccination are underway (105, 106). An 

investigation of narcolepsy following exposure to MF59 adjuvanted pandemic H1N1 

vaccines did not identify any cases (107). In July 2010 the CHMP reviewed the European 

marketing authorization of the AS03-adjuvanted pandemic H1N1 vaccine and concluded 

that the vaccine should only be given to persons below the age of 20 if seasonal trivalent 

vaccines are absent (108). 

Conc l ud ing  remark s  

Much has been published on the safety of pandemic H1N1 vaccines in children. There have 

been several studies with different vaccines spanning all age groups and several studies in 

children and adolescents with underlying medical conditions. In addition, large monitoring 

efforts have resulted in much data, with almost 13,000 individual case reports in children 

and adolescents to the WHO. However, both differences in study methodology and data 

presentation render meta-analytic safety analyses of the pandemic H1N1 vaccines in the 

different, relevant, age groups difficult. Especially the diversity in the clinical studies for 

inactivated non-adjuvanted pandemic H1N1 vaccines re-emphasizes the need for 

harmonization of study protocols and presentation of safety data in clinical study 

publications (58, 109). The added value of publications of spontaneous report analyses 

from overlapping source populations could be increased by crystallizing differences 
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between populations and age groups. With the currently published information this is 

impossible. Thus, although a large amount of data has been generated, relatively little has 

been learned on the comparative safety of these pandemic H1N1 vaccines – particularly in 

children. It should be a collective effort to give added value to the enormous work going into 

the individual studies by adhering to available guidelines for the collection, analysis, and 

presentation of vaccine safety data in clinical studies (56, 110) and to guidance for the 

clinical investigation of medicinal products in the pediatric population (111).  

The 2009 H1N1 pandemic has shown that although spontaneous reporting of AEFI is 

necessary for the monitoring of vaccine safety, it is useful to enhance surveillance by 

methods and infrastructures to verify signals and test hypothesis. Observed over expected 

analyses to verify signals rely on accurate background incidence rates of disease within 

targeted age groups. Both in the USA and in Europe these rates were provided though 

coordinated action and use of health care databases. In Europe data were provided from 8 

countries on a population of more than 50 million subjects. Several hypothesis testing studies 

were implemented to be able to assess the potential association of pandemic influenza 

vaccine with GBS and narcolepsy. All required multinational collaboration to meet the need. 

The pandemic has brought us the beginning of an infrastructure for collaborative vaccine 

safety studies in the EU, USA and globally. 
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Abs t rac t  

Background 

An association between AS03 adjuvanted pandemic influenza vaccine and the occurrence of 

Bell’s palsy was found in a population based cohort study in Stockholm, Sweden. To 

evaluate this association in a different population we conducted a self-controlled case series 

in a primary health care database, THIN, in the United Kingdom. The aim of this study was 

to determine whether there was an increased risk of Bell’s palsy following vaccination with 

any influenza vaccine containing A/California/7/2009 (H1N1)-like viral strains. Secondly, 

we looked whether risks were different following pandemic influenza A(H1N1)pdm09 

vaccines and seasonal influenza vaccines containing the influenza A(H1N1)pdm09 strain. 

Methods 

The study population comprised all incident Bell’s palsy cases between 1 June 2009 and 30 

June 2013 identified in THIN. We determined the relative incidence (RI) of Bell’s palsy 

during the 6 weeks following vaccination with either pandemic or seasonal influenza vaccine. 

All analyses were adjusted for seasonality and identified confounding variables. 

Results 

We found an incidence rate of Bell’s palsy of 38.7 per 100,000 person years. Both acute 

respiratory infection (ARI) consultations and pregnancy were found to be confounders. When 

adjusted for seasonality, ARI consultations and pregnancies, the RI during the 42 days after 

vaccination with an influenza vaccine was 0.77 (95% CI: 0.65 – 0.91).  The RI was not 

significantly different during the 42 days following seasonal vaccine (0.70, 95%CI: 0.58-

0.84) or pandemic vaccine (0.67, 95%CI: 0.44-1.03). When stratified by vaccine and age it 

seems that the reduced RI is driven by the effect in persons in the age group between 45 

and 65 and persons over 65 years old. Cases plotted relative to vaccination do not show a 

clear pattern of clustering of cases outside the risk period, or indeed evident troughs during 

the risk period. 

Conclusion 

In conclusion, we found no evidence for an increased incidence of Bell’s palsy following 

seasonal influenza vaccination overall, nor for monovalent pandemic influenza vaccine in 

2009. Conversely, a significantly reduced RI for Bell’s palsy during the six weeks after 

vaccination with any influenza vaccine was found. It is unclear what could explain this 

reduced incidence.  
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I n t roduc t ion  

Bell’s palsy is an idiopathic peripheral-nerve palsy affecting the cranial nerve and the most 

common cause for facial paralysis (1). It is characterized by an acute onset, unilateral facial 

paralysis, numbness or pain around the ear, a reduction in taste and hypersensitivity to 

sounds. The diagnosis is made after excluding other possible causes for facial paralysis, 

including congenital, genetic and acquired causes. Standard diagnostic criteria are not 

available (2). Bell’s palsy resolves spontaneously without treatment in most patients within 6 

months. Some patients experience long-term sequelae with incomplete return of facial motor 

function and synkinesis (1). 

Bell’s palsy has an incidence between 15 to 50 cases per 100,000 people per year (1, 3, 

4). Men and women are affected equally. Bell’s palsy can occur at any age, with the lowest 

incidence reported in children. The incidence has been reported to be highest in older 

people over the age of 70-75 (1, 3, 5) or in persons between the ages of 15 and 45 (6). 

The exact cause of Bell’s palsy is unknown. Inflammation is thought to play an important role 

in the aetiology of Bell’s palsy (1) and an auto-immune aetiology has also been suggested 

(7). Known risk-factors for Bell’s palsy include diabetes, a weakened immune system and 

pregnancy (1, 6).  

Bell’s palsy has been reported following inactivated influenza vaccines (8) and live 

attenuated influenza vaccine (9-11). An increased risk of Bell’s palsy has been associated 

with an intranasal inactivated influenza vaccine which contained Escherichia coli heat-labile 

toxin as a mucosal adjuvant, resulting in the discontinuation of this vaccine (12). A signal of 

possible association between inactivated trivalent influenza vaccines and an increased risk 

of Bell's palsy was detected in the Vaccine Adverse Event Reporting System in the US (13). A 

large population based study in the UK did not find a relationship between inactivated 

influenza vaccines and Bell’s palsy (14), as did a more recent study in the US which was 

limited to children (15). Due to the earlier associations and the unknown aetiology, Bell’s 

palsy remains an adverse event of interest following influenza vaccination. 

Following the 2009/2010 influenza A(H1N1) pandemic an association with Bell’s palsy was 

found with an AS03 adjuvanted pandemic influenza vaccine, Pandemrix, in a population 

based cohort study in Stockholm, Sweden with a hazard ratio (HR) of 1.25, 95% CI 1.06 to 

1.48 (16). The risk was highest during the first 6 weeks following vaccination (HR: 1.60, 1.25 

to 2.05) and particularly present in those vaccinated early on in the campaign (HR: 1.74, 

95% CI 1.16 to 2.59), which were those with more (severe) underlying co-morbidity. 

Similarly, a signal was detected for monovalent pandemic influenza vaccines used in the 

Vaccine Safety Datalink (VSD) Project in the US in adults over the age of 25 years with a 

relative risk of 1.6 (17). This last signal was not confirmed in a case centred analysis where 

an odds ratio was found of 1.1 (95% CI: 0.93 – 1.57). Finally, through passive surveillance 
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an increased risk of Bell’s palsy during the 42 days after vaccination with pandemic (H1N1) 

2009 vaccine was detected in Taiwan (18). 

In order to evaluate the potential association of Bell’s palsy following influenza 

A(H1N1)pdm09 vaccination in a different population, we conducted a self-controlled case 

series study. The aim of this study was to determine whether there was an increased risk of 

Bell’s palsy following vaccination with any influenza vaccine containing 

A/California/7/2009 (H1N1)-like viral strains. Secondly, we looked whether risks were 

different following pandemic influenza A(H1N1)pdm09 vaccines and seasonal influenza 

vaccines containing the influenza A(H1N1)pdm09 strain. 

Me thods  

We used  a self-controlled case series (19, 20) design in The Health Improvement Network 

(THIN) database. THIN includes data from 562 general practices across the UK that have 

elected to participate. The population covered by THIN is representative of the UK 

population. The data in THIN have been validated for pharmacoepidemiology studies (21, 

22). 

S t udy  popu l a t i o n ,  s t udy  pe r i od  and  ou t come  

The study population comprised all incident Bell’s palsy cases between 1 June 2009 and 30 

June 2013 identified in THIN. A Bell’s palsy case was defined as a person who had a 

consultation with a READ diagnosis code for Bell’s palsy (see Appendix). Multiple cases per 

person were allowed. If diagnosis dates were more than 6 months apart, they constituted 

two separate cases. Considering the high predictive value of READ diagnosis codes for Bell’s 

palsy (14) no validation on identified cases was performed. 

Expo su r e s  

Influenza vaccination was identified through relevant codes (see Appendix) and recorded 

by year and vaccine type (seasonal or pandemic), including seasonal influenza vaccination 

for 2009/2010, pandemic influenza vaccination, seasonal influenza vaccination for 

2010/2011, seasonal influenza vaccination for 2011/2012 and seasonal influenza 

vaccination for 2012/2013. In the UK both Pandemrix and Celvapan were used during the 

2009-2010 influenza A(H1N1) pandemic, and information on brand was retrieved if 

available. Moreover, during the 2009-2010 season, persons could have received both a 

seasonal vaccine and a pandemic influenza vaccine. In theory these could have been given 

on the same day or close together making it difficult to attribute the risk to either. 

Considering the study by Stowe et al (14) no increased risk was expected for the seasonal 

vaccine, therefore this was disregarded in the primary analysis.  
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As each person serves as its own control, stable confounders such as gender, genetics, socio-

economic status, frailty and severity of underlying disease are controlled for. Considering 

the short observation period no age effect was expected. Covariates that were considered 

as potential confounders were calendar time, occurrence of acute respiratory infections, 

influenza diagnoses, and pregnancy. ARI episodes and influenza diagnoses were identified 

by relevant READ codes (see Appendix). Consultations for ARI or influenza occurring within 

28 days of a previous consultation were excluded because they were considered to be 

likely related to the same episode. Pregnancies were identified by the date of delivery (see 

Appendix for codes). The risk period was the 270 days (9 months) before the date of 

delivery.   

Ana l y s i s   

We described the population using means and standard deviations for all continuous 

variables, counts and percentages for categorical variables.. Descriptive statistics were 

compared between vaccinated cases (anytime) and unvaccinated cases using t-tests for 

continuous variables and chi-squared tests for categorical variables. Associations between 

pregnancy, ARI consultations, influenza diagnoses and Bell’s palsy or influenza vaccination 

were determined.  

We determined the RI of Bell’s palsy during the 6 weeks following vaccination with either 

pandemic or seasonal influenza vaccine by using a conditional Poisson regression. The risk 

period of interest was from D1 to D42, as this was the period with the highest risk found by 

Bardage et al (16). As vaccination could be delayed following an episode of Bell’s palsy, 

the 14 days prior to vaccination were treated as a separate risk period in the analysis. D0 

was also regarded as a separate risk period as opportunistic recording would hamper 

establishing a temporal relation. The remaining periods served as the reference period. All 

univariate associations with risk factors that were significant,  were included for adjustment 

in addition to calendar time (by quarter).  

Relative incidences were calculated separately for pandemic and for seasonal influenza 

vaccines, and for each season (vaccination period). During the 2009/2010 influenza 

A(H1N1) pandemic two brands of pandemic vaccines were used in the UK, Celvapan and 

Pandemrix. As less than 0.1% of vaccinated persons received Celvapan during the 

2009/2010 pandemic (23), we consider the findings with pandemic vaccines in our study to 

be applicable to Pandemrix. Age and sex specific relative incidences of Bell’s palsy within 6 

weeks of influenza vaccination were calculated. 

To further account for the risk of deferral of vaccination after receiving a diagnosis of Bell´s 

palsy, we performed sensitivity analyses in which only the observation time after vaccination 

was considered. All analyses were conducted using SAS 9.2. 
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Resu l t s  

We identified 6381 Bell’s palsy cases in 6288 persons with a median follow up of 1489 

days. Of these cases, 6198 persons had a single diagnosis code for Bell’s palsy, 87 persons 

had two episodes and three persons had three episodes of Bell’s palsy during the study 

period. The crude incidence rate was 38.7 per 100,000 person years. The distribution of 

Bell’s palsy dates relative to vaccination dates is presented in figure 5.1. Of cases, 14% 

received the monovalent pandemic influenza vaccine whilst seasonal vaccines were received 

by 24 to 28% of cases dependent on the year.  

 

 

The characteristics of the cases by vaccination status (seasonal and pandemic) are presented 

in table 5.1. Those who received at least one seasonal influenza vaccine tended to be older 

and were more likely to be female. Those who received pandemic influenza vaccine were 

also more likely to be older. Males and females were equally likely to be exposed to 

pandemic influenza vaccine (Table 5.1). Thirty-five percent (2232 persons) experienced at 

least one episode of ARI during follow-up, whereas only 3.5% (220 cases) had  a recorded 

influenza diagnosis,  155 women had one pregnancy (4.85%) – three women had two 

pregnancies (0.09%). 

Figure 5.1 Bell's palsy cases by month relative to vaccination dates for the study period. 
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Pregnancy was associated with Bell’s palsy (Relative Risk (RR) 1.75, 95% CI 1.19 – 2.57) 

and with  influenza vaccination (RR 5.1, 95% CI 3.25 – 7.82). ARI was strongly associated 

with Bell’s palsy on the day of consultation (RR 6.99, 95% CI: 4.39- 11.13), but also in the 7 

days following a consultation for ARI (RR 2.44, 95% CI 1.81 – 3.30). In addition, an episode 

of ARI was also associated with vaccination - with an increased risk of vaccination on the 

day of consultation for ARI (RR 2.93, 95% CI 1.58 – 5.46) and a reduced risk of vaccination 

during the week following a consultation for ARI (RR 0.50, 95% CI 0.28 – 0.89). The 

distribution of ARI dates relative to vaccination dates over calendar time is given in figure 

5.2.  

Table 5.1 Main characteristics of Bell’s palsy cases by vaccination status during follow-up 

(each case appears in both vaccine type groups) 

 Received seasonal vaccine Received pandemic vaccine 

 Yes No 
 

Yes No 
 

 n=2408 n= 3880 p-value n=901 n= 5387 p-value 

Demographics 
          

Female (n 
(%)) 

1313 (54.53) 1881 (48.48) <.0001 454 (50.86) 2740 (50.39) 0.79 

           
Mean age 
(SD)1 58.59 (18.07) 36.56 (16.51) <.0001 56.75 (19.64) 43.03 (19.61) <.0001 

Age (n (%)) 
          

<45 yrs 532 (22.09) 2685 (69.20) 
 

212 (23.53) 3005 (55.78) 
 

45 – 65 yrs 897 (37.25) 1052 (27.11) 
 

357 (39.62) 1592 (29.55) 
 

>65 yrs 979 (40.66) 143 (3.69) <.0001 332 (36.85) 790 (14.66) <.0001 

1 At start follow up 

There was no statistical evidence of an association between Bell’s palsy and a consultation 

for influenza (RR 1.69, 95% CI 0.54 – 5.32). Although the relative incidence of Bell’s palsy 

was raised in the 7 days following an influenza consultation, this was not significant (RR 

2.41, 95% CI 0.76 - 7.58, 257 cases). 

The crude RI of Bell’s palsy during the 42 days after vaccination with an influenza vaccine 

was 0.88 (95% CI: 0.74 – 1.04). On the day of vaccination the relative incidence was 2.15 

(95% CI: 1.12 – 4.14). The RI was slightly reduced in the fourteen days prior to vaccination, 

0.70 (95% CI: 0.51 – 0.96). 
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 When adjusted for seasonality, episodes of ARI and pregnancies, the RI during the 42 days 

after vaccination with an influenza vaccine was reduced from a crude of 0.88 to 0.77 (95% 

CI: 0.65 – 0.91). At the date of vaccination the RI reduced from the crude of 2.15 to 1.88 

(95% CI: 0.98 - 3.62), during the 14 days preceding vaccination the RI reduced from a 

crude of 0.70 to  0.63 (95% CI: 0.46 - 0.86).  When considering the type of vaccine (i.e. 

seasonal vs pandemic) the RI was not significantly different during the 42 days following 

seasonal vaccine (0.70, 95%CI: 0.58-0.84) or pandemic vaccine (0.67, 95%CI: 0.44-1.03). 

Restricting the analysis to  cases without any ARI episodes, showed that the adjusted  RI was 

0.85 (95% CI: 0.57 – 1.24). The RI during the 42 days following influenza vaccination (any) 

was not significantly different in women (0.79, 95% CI: 0.62 – 1.01) compared to men 

(0.58, 95% CI: 0.46 – 0.74).  

The relative incidence of Bell’s palsy within 42 days of influenza vaccine stratified by 

vaccine and age can be found in table 5.2. A significantly reduced RI following vaccination 

is seen with the 2010-2011 and 2011-2012 vaccine. When considering the type of vaccine 

(i.e. seasonal vs pandemic) the RI was not significantly different during the 42 days 

following seasonal vaccine (0.70, 95%CI: 0.58-0.84) or pandemic vaccine (0.67, 95%CI: 

0.44-1.03).  

  

Figure 5.2 ARI cases by month relative to vaccination dates for the study period 
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In all age groups, a reduced RI is observed the 14 days prior to vaccination. In persons 

between the ages of 45 and 65 years a significantly reduced RI is observed during the 42 

days after vaccination. 

As we detected a significantly reduced RI following vaccination, we considered the age 

stratified RIs per vaccine. The results are also presented in table 5.2. When stratified by 

vaccine and age it seems that the reduced RI is driven by the effect in persons in the age 

group between 45 and 65 and persons over 65 years old. To better understand this 

reduced RI we further stratified by sex for the vaccines and age-groups for which we 

detected an overall reduced RI in an exploratory analysis. This analysis suggested that in 

persons aged between 45 and 65 years the reduced risk is significant in women only. In 

persons over 65 it is significant in both men and women. 

Figure 5.2 Bell’s palsy consultations relative to vaccination for the 2009-2010 pandemic 

vaccines (a) and the 2010-2011 (b), 2011-2012 (c) and 2012-2013 (d) seasonal influenza 

vaccines per age group in 1 week intervals. 

A case plot showing cases relative to vaccination in the three age strata is shown in figure 

5.3. From the graphs there is no clear pattern of troughs of cases during the 6 weeks after 

vaccination, or clusters of cases outside this period.  
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In the analysis where only observation time after vaccination was included, exposure to any 

vaccine with control for ARI and seasonality produced a RI of 0.87 (95% CI: 0.71, 1.08). 

D i s cu s s ion  

We found no evidence for an increased incidence of Bell’s palsy consultations following 

seasonal influenza vaccination overall, nor for monovalent pandemic influenza vaccine in 

2009. Therefore our study does not confirm the results  identified by Bardage et al (16) in 

Sweden. Conversely, we found a significantly reduced RI for Bell’s palsy consultations during 

the six weeks after vaccination with any influenza vaccine. When adjusted for seasonality, 

episodes of ARI and pregnancies, the RI during the 42 days after vaccination with an 

influenza vaccine was 0.77 (95% CI: 0.65 – 0.91). In further stratifications it became clear 

that this was driven by women aged 45-64 years of age and persons aged 65 years or 

more (table 5.3). Bell’s palsy is a syndrome for which the exact cause is unclear. As a result 

it could have multiple triggers, of which – considering the hypothetical autoimmune aetiology 

– influenza and  influenza vaccination could possibly be one. Clusters of Bell’s palsy cases 

have been reported following influenza vaccination in the past. An association was reported 

for Bell’s palsy and Pandemrix, an AS03 adjuvanted pandemic influenza vaccine in Sweden 

(16), and a signal was reported from Taiwan (18). In this study, we evaluated the risk of 

Bell’s palsy following vaccination with influenza vaccines containing A/California/7/2009 

(H1N1)-like viral strains, including pandemic vaccines, in the UK.  

It is unclear what could explain this reduced incidence. The cases plotted relative to 

vaccination do not show a pattern of clustering of cases outside the risk period, or indeed 

evident troughs during the risk period. Nonetheless, the reduced RI is consistently seen in 

persons aged 45 to 64 years following all seasonal influenza vaccines and for all seasonal 

vaccines except the 2012-2013 vaccine for persons aged 65 and older. We cannot 

exclude a potential protective effect of influenza vaccination on Bell´s palsy. Such a 

protective effect could be in line with the increased RI of Bell’s palsy observed during the 7 

days after a consultation for ARI. However, it is not evident why this would not affect 

persons under the age of 45 similarly as those over the age of 45. Other potential 

explanations include an unmeasured time-varying confounder, for example health seeking 

behaviour which changes after vaccination. We found no evidence that health care seeking 

behaviour might change following vaccination from other vaccine safety studies reported in 

the literature. This would be interesting to follow up in future studies seeing that if health 

seeking behaviour did change following vaccination in certain age/sex strata this could 

have an impact on vaccine safety studies. 

One of the more restrictive assumptions of the SCCS method is that the distribution of 

exposure after a certain time must be independent of the event history prior to that time 

(19). Bell’s palsy is not a contra-indication for influenza vaccination. Nonetheless, it is 
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possible that people will delay vaccination after Bell’s palsy, which can represent a violation 

of the assumption of the SCCS. Generally, this delay in vaccination would bias RI estimates 

upward by producing a scarcity of cases in control intervals.  In our main analysis we fixed 

the 14 days prior to vaccination as a separate risk period. The reduced incidence found 

during this risk period demonstrates that persons will delay vaccination when diagnosed with 

Bell’s palsy. We assumed that a 14 day period would be sufficient to exclude any bias 

resulting from this delay. As evidenced by the sensitivity analysis which only considered 

observation time after vaccination and produced estimates very similar to those produced 

with a 14-day low risk period, this 14-day period was sufficient to control for a potential 

healthy vaccinee effect. 

A second restrictive assumption of the SCCS method is that events are either recurrent and 

independent within individuals or not-recurrent and uncommon (19). Bell’s palsy can recur, 

however this is rare (1) and is reported to do after a latency period of approximately 10 

years (7, 14). In our study we considered any second consultation of Bell’s palsy within 6 

months to belong to a single episode. Still, we found that 1.4% of persons had more than 

one episode within our relatively short observation period. As recurrent events are rare the 

bias is negligible. Only considering first episodes, the RI is 0.78 (95% CI: 0.65 - 0.92) 

compared to 0.77 (95% CI: 0.65 - 0.91) when recurrent episodes are also considered. 

Our study has limitations that could impact the observed results. 

Whilst the SCCS inherently deals with measured and unmeasured fixed confounding 

variates, time varying confounders will still need to be measured and adjusted for. We 

adjusted for seasonality by quarter, consultations for ARI and pregnancies, as these factors 

were identified as confounders in our study. We could not adjust for time varying factors 

that were not measured. An increased risk of Bell’s palsy is seen on the day of influenza 

vaccination, which is in line with the findings of Stowe et al (14), and is most likely related to 

opportunistic recording of cases, hence D0 was excluded from the risk interval. 

Finally, not all persons who develop Bell’s palsy will consult their GP therefore incomplete 

reporting of cases is likely in our study. If reporting was differential by vaccination status, 

thus if persons who develop Bell’s palsy shortly following vaccination were more likely or less 

likely to consult their GP compared to persons who develop Bell’s palsy at other time points, 

this would have introduced bias in this study.  

In conclusion, our study did not provide evidence of an increased risk of Bell’s palsy 

following vaccination with any influenza vaccine containing A/California/7/2009 (H1N1)-

like viral strains, either pandemic or seasonal vaccines.  
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Abstract  

Backg round  

In August 2010 reports of a possible association between exposure to AS03 adjuvanted 

pandemic A(H1N1)pdm09 vaccine and occurrence of narcolepsy in children and adolescents 

emerged in Sweden and Finland. In response to this signal, the background rates of 

narcolepsy in Europe were assessed to rapidly provide information for signal verification.  

Method s  

We used a dynamic retrospective cohort study to assess the narcolepsy diagnosis rates 

during the period 2000-2010 using large linked automated health care databases in six 

countries: Denmark, Finland, Italy, the Netherlands, Sweden and the United Kingdom. 

Re s u l t s  

Overall, 2,608 narcolepsy cases were identified in almost 280 million person years (PY) of 

follow up. The pooled incidence rate was 0.93 (95% CI: 0.90 – 0.97) per 100,000 PY. 

There were peaks between 15-30 year of age (women>men) and around 60 years of age. 

In the age group 5-19 years olds rates were increased after the start of pandemic 

vaccination compared to the period before the start of campaigns, with rate ratios of 1.9 

(95% CI: 1.1 -3.1) in Denmark , 6.4 (95% CI: 4.2 - 9.7) in Finland (RR:) and 7.5 (95% CI: 

5.2 - 10.7) in Sweden. Cases verification in the Netherlands had a significant effect on the 

pattern of incidence over time.  

Conc l u s i o n s  

The results of this incidence study provided useful information for signal verification on a 

population level. The safety signal of increased narcolepsy diagnoses following the start of 

the pandemic vaccination campaign as observed in Sweden and Finland could be observed 

with this approach. An increase in narcolepsy diagnoses was not observed in other countries, 

where vaccination coverage was low in the affected age group, or did not follow influenza 

A(H1N1)pdm09 vaccination.  Patient level analyses in these countries are being conducted 

to verify the signal in more detail.  
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I n t roduct ion 

Nar co l ep s y  

Narcolepsy is a disabling chronic sleep disorder that interferes severely with normal daily 

activities, interpersonal relations, education, and career opportunities (1, 2). The classic 

clinical syndrome consists of excessive daytime sleepiness (EDS), cataplexy, sleep paralysis, 

hypnagogic hallucinations and disrupted nocturnal sleep. While cataplexy is considered 

pathognomonic for narcolepsy, it is not always part of the clinical presentation. In contrast to 

narcolepsy with cataplexy, narcolepsy without cataplexy is probably not a single disease 

entity. Regardless of the variety and extent of symptoms at presentation, further laboratory 

investigations to confirm the diagnosis are state of the art today. Nocturnal 

polysomnography and multiple sleep latency test (MSLT) are performed most frequently. 

However, the specificity of these investigations is limited (3). Determining very low or 

undetectable levels of the neuropeptide hypocretin-1 (also called orexin A) in the 

cerebrospinal fluid levels is a novel diagnostic approach with high specificity for the 

diagnosis of narcolepsy with and without cataplexy, and high sensitivity for narcolepsy with 

cataplexy although less so for narcolepsy without cataplexy (4). Hypocretin-1 testing is a 

recent development, however not yet standardized and not widely available. Furthermore, 

HLA DQB1*0602 is strongly associated with but not specific for the narcolepsy diagnosis, as 

it is present in 12-38% of the normal European population, depending on the genetic 

origin(5). As a consequence, many patients are diagnosed long after onset of symptoms, 

with delays ranging from 1 to 60 years (6, 7).  

The narcolepsy diagnosis is particularly challenging in children due to a wide range of 

daytime sleep requirements, which are often considered normal in this age group. In 

addition, cataplexy in children may present with atypical features (i.e. absence of triggering 

emotions, a semi-permanent state of facial muscle weakness on which partial or complete 

cataplectic attacks are superimposed), first described in 2008 (8) Moreover, there is 

currently a lack of objective diagnostic criteria specific to the paediatric phenotype (1). As a 

result, narcolepsy in childhood is possibly an underdiagnosed disease (9). 

The estimated prevalence of narcolepsy in Western countries is 20–50 per 100,000 (2, 10, 

11). It is thought to affect men and women equally, although a male predominance has been 

found in some studies (12). More than 50% of narcolepsy cases appear to exhibit symptom 

onset before 18 years of age, beginning typically in adolescence (13-15). Bimodal peaks 

of onset have been reported, with one peak around 15 years of age (range 10-19 years) 

and another around 35 years(13). In the past, diagnoses were typically not established 

prior to early adulthood in the majority of cases (6).  



110 | C h a p t e r  6  

Little is known about the aetiology of narcolepsy. The strong association between 

hypocretin-1 deficiency and  the presence of the Human Leukocyte Antigen (HLA) subtype 

DQB1*0602(16) has led to the hypothesis that an autoimmune process may lead to loss of 

hypocretin producing neurons. However, as only very few carriers of this allele develop 

narcolepsy, other factors must contribute to its development. Given the age at onset of 

symptoms it is thought that an exposure which could trigger narcolepsy would occur during 

or before adolescence (11). Some studies have focused specifically on environmental factors 

and disease inducing or promoting health events preceding clinical manifestation of 

narcolepsy. These types of studies are typically hampered by the considerable uncertainties 

around aetiology and pathogenesis of narcolepsy as well as the associated methodological 

difficulties, such as under-diagnosis and recall-bias (11). Recently, streptococcal infection 

markers and antibodies against the protein Tribbles homolog 2 have been found to be 

associated with narcolepsy (17-19). In addition, a study from China reported an increase in 

narcolepsy in children following influenza A(H1N1)pdm09 infection (20). To the best of our 

knowledge, no association between vaccination and narcolepsy has been described prior to 

2010. 

I n f l u e nza  A (H1N1)pdm09 vac c i na t i o n  campa ign s   

Eight influenza A(H1N1)pdm09 vaccines [Cantgrip (Cantacuzino), Celvapan (Baxter), 

Celltura (Novartis), Fluval P (Omnivest), Focetria (Novartis), Pandemrix (GSK), Panenza 

(Sanofi Pasteur) and PanvaxH1N1 (CSL)] were licensed within the EU/EEA area during the 

2009 pandemic. International recommendations on which groups should be offered 

vaccination and in what order came from the Strategic Advisory Group of Experts (SAGE) 

Committee of the World Health Organization (WHO) and the EU Health Security 

Committee, which were taken into account in national decisions on priority groups. AS03-

adjuvanted Pandemrix® was the most used vaccine in Europe (21). 

Two EU Member States participating in this study (Finland and Sweden) recommended 

vaccines to their entire population while other Member States (Denmark, Italy, the 

Netherlands and the United Kingdom) recommended vaccines only to selected risk groups, 

notably individuals with chronic disorders and in case of the Netherlands also children 

younger than five years of age (21).  

I n f l u e nza  A (H1N1)pdm09  vac c i n e  s a f e t y  s i gna l  

In August 2010 reports of a possible association between exposure to AS03 adjuvanted 

influenza A(H1N1)pdm09 vaccine and occurrence of narcolepsy commonly with cataplexy in 

children and adolescents emerged in both Sweden and Finland. This led to the 

discontinuation of the general recommendation of this vaccine in these countries and a 

review of the vaccine by the European Medicines Agency (EMA). Subsequently, cases 
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following influenza A(H1N1)pdm09 vaccination and infection were reported from France, 

Germany (22) and Norway (23) Canada and the US (24, 25). Since then more cases have 

been identified, mostly in children and adolescents in the initial two signalling countries. A 

registry study in Finland detected a 12.7-fold increase in narcolepsy in association with the 

AS03 adjuvanted influenza A(H1N1)pdm09 vaccine (26, 27). Two Swedish studies have 

detected a relative risks of 4.2 in a rapid cohort study (28) and 6.6 in a case series study 

(29) . More recently, a 13-fold increase in risk of narcolepsy was found associated with 

Pandemrix vaccination in a cohort study in Ireland (30) and a case control study in France 

found an increased risk of 4.6 (31). The Irish and French studies both also identified an 

increased risk in persons over 19 years of age, while this has not been reported from 

Sweden and Finland. As of August 2012 more than 600 cases of narcolepsy following 

influenza A(H1N1)pdm09 vaccination have been reported to the Eudravigilance database, 

of which more than 100 are reported to have occurred in adults (32). 

In response to the signal from Sweden and Finland, a study into the background rates of 

narcolepsy in Europe was started by the VAESCO (Vaccine Adverse Events Surveillance and 

Communication) consortium on request of and in collaboration with the European Centre for 

Disease Prevention and Control (ECDC). The aim of the study was to provide information to 

ECDC, the EMA and national agencies for signal verification and public health decision 

making. Here we present the main findings of this study. 

Mater ia l s  and Methods 

Des ign  and  s e t t i ng  

A dynamic retrospective cohort study was used to assess the rates of narcolepsy diagnosis 

during the period 2000-2010 in six countries with large linked automated health care 

databases. Participating countries were: Denmark, Finland, Italy (Tuscany and Emilia 

Romagna regions), the Netherlands (NL), Sweden, and the United Kingdom (UK). Although 

Norway provided data, insufficient data history was available to exclude prevalent cases. 

Therefore incidence rates could not be calculated and the Norwegian data could not be 

considered for this study.  

Databases could be included if they comprised electronic health records for a defined 

population, the observation time of each captured individual could be determined, the 

occurrence and date of narcolepsy diagnosis could be identified during the observation 

time, and the outcomes file could be linked to the respective population file. Table 6.1 

describes the key characteristics of the databases which can be broadly categorized into 

two types: population-based medical record databases from general practitioners (GPs) 

(the Netherlands, the United Kingdom) (33) and regional or national administrative 

databases (Denmark, Finland, Emilia Romagna and Tuscany regions in Italy, and Sweden).  
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Table 6.1 Overview of databases and codes used for the calculation of incidence rates of 
narcolepsy diagnosis 

Data source  Type of data 

Disease 

coding 

schemes 

Codes used 

Medical record databases 

United Kingdom    

(GPRD) (34) 

3.5 

million 

population based medical 

records 

 (GP & specialist diagnoses) 

READ F27.00, F270.00, 

F271.00, F27z.00 

Netherlands  

(IPCI) (33) 

1 million population based medical 

records  

(GP & specialist diagnoses) 

narratives GP/spec./hosp. 

diagnoses (text & 

validation) 

Administrative databases national 

Denmark(35) 5.5 

million 

inpatient and outpatient 

diagnoses 

ICD10 G47.4 (primary) 

Sweden(36) 9 million inpatient and outpatient 

diagnoses 

ICD10 G47.4 (primary) 

Finland 5 million inpatient and outpatient 

diagnoses 

ICD10 G47.4 

(primary/secondary) 

Administrative databases regional 

Italy Emilia 

Romagna 

3 million inpatient diagnoses ICD9-CM 347.00, 347.01, 

347.10, 347.11 

Italy Tuscany 3 million inpatient diagnoses ICD9-CM 347.00, 347.01, 

347.10, 347.11 

 

Typically the medical record databases comprise the longitudinal patient records of a well-

defined population, which is registered with a GP in the Netherlands and the United 

Kingdom. The recorded information is a combination of administrative and medical data 

entered directly by the GP and includes symptoms, signs, drug prescriptions, laboratory 

examinations, diagnoses and referrals. Information from specialists and hospitals is entered 

into these records when the GP is notified by the specialist/hospital. Both participating 

medical record databases (UK-GPRD, NL-IPCI) (33) have been proven valid for 

pharmacoepidemiology studies. National administrative databases were available in the 

Nordic countries (Denmark, Finland, Sweden) (35, 37), where population registries can be 

linked with outpatient and inpatient records through a unique identifier. Administrative 

databases in Italy were regional and captured population and hospital discharge 

diagnoses. Here outpatient diagnoses were unavailable. Individual record linkage was not 
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possible at the time of the study in Finland but numerators and denominators were obtained 

independently of each other in an aggregated format.  

Each health care database provider obtained local ethical and governance approval to use 

data for this study. 

S t udy  popu l a t i o n  

The study population comprised all individuals registered within one of the databases during 

the study period. The observation time began on the date of first registration of individuals 

in the database or the start date of data collection, whichever was the latest. The 

observation time ended on the date of death, the date an individual was transferred out of 

the study population, or the end of data collection, whichever was the earliest. 

Case  I d en t i f i c a t i o n  

The primary outcome of interest was narcolepsy with or without cataplexy and independent 

of age. Harmonization of database queries followed an iterative process with six stages 

using the processes established in the EU-ADR project (38): 1) event definition using clinical 

criteria established by the Brighton Collaboration (39); 2) identification of Unified Medical 

Language System® (UMLS®) concepts corresponding to the event; 3) discussion among 

database license holders regarding relevance and applicability of the UMLS concepts 

identified; 4) translation of the concepts into the terminology of each individual database 

(i.e. ICD-9 CM, ICD-10, READ and ICPC) 5) extraction of data; and 6) creation of input files 

for Jerboa© (see below) and verification of output. 

Verification of cases identified in the NL based IPCI database was conducted in a two-step 

procedure: a) two medical doctors (NvdM, JvB) reviewed the electronic medical records, b) 

additional clinical case information was obtained for possible narcolepsy cases via 

standardized questionnaires from GPs and specialist letters. The totality of information was 

used for verification of the cases by two narcolepsy experts (GJL, SO) using the Brighton 

Collaboration case definition (39). Rates were not verified for other participating 

databases. 

Da ta  hand l i ng  

A distributed network approach was used for the collaborative work and for data sharing 

across databases and national borders. This approach is based on the principle that 

database owners should be involved in and be responsible for the elaboration of data, as 

they best understand the context within which the data are recorded (40). Local elaboration 

of data and sharing of aggregated de-identified data complies with all privacy constraints 

regarding secondary use of health care data and sharing data across country borders 

within the European Union. 
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In our study, database holders created two pre-specified common input files: a population 

file and an event file. The population file contained a single record for each individual in the 

entire database, including a personal identifier (i.e. linking-key across the files), date of 

birth, sex, start and end date of observation time in the population. The event file was 

comprised of a single record for each event occurring in the entire population during the 

observation period, including a personal identifier, event type and start date. These two 

input files were subsequently processed locally by Jerboa©, a purpose-built JAVA based 

software (40). Jerboa© generated fully encrypted aggregated counts of diseases and 

person time (age-, sex-, calendar year and calendar month-specific counts) locally, which 

were transmitted to the central database for pooling and further analysis.  

Ana l y s i s  

Incidence rates were calculated by dividing the number of narcolepsy diagnoses by the 

accumulated person time. Jerboa© software for incidence calculation has been validated 

against standard SAS code.  

Incidence rates of narcolepsy diagnosis were calculated by age, sex, calendar year and 

month for each centre separately and for the pooled overall population. 95% confidence 

intervals were calculated assuming a normal binomial distribution. Age standardized rates 

were calculated based on the age distribution of the world population as presented by the 

WHO (40). Additionally, incidence rates were reported for the pre-pandemic influenza 

period (January 2000-March 2009), the pandemic influenza but pre-vaccination period 

(April 2009- September 2009), and the period after the start of influenza vaccination 

programs with overlapping pandemic activity (October 2009-June 2010). Rate ratios with 

95% confidence intervals were calculated to estimate the relative change in rates before 

the start of vaccination campaigns (i.e. until September 2009) and after.  

Resu l t s  

The seven participating databases from six countries provided just under 280 million person 

years (PY) of observation time. Denmark, Emilia Romagna region in Italy and Sweden 

provided data up until December 2010. Finland provided data up until December 2009 

and age specific counts for 2010. The Tuscany region in Italy, the NL-IPCI database and the 

UK-GPRD database provided data up until June, July, and October 2010, respectively. The 

cumulative amount of person-time by centre and calendar year is shown in Figure 6.1. 
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In total, 2,608 narcolepsy cases were identified. The overall pooled incidence rate of 

narcolepsy diagnosis was 0.93 (95% CI: 0. 90 – 0.97) per 100,000 PY. The age-

standardized incidence rate was 0.90 (95%CI: 0.84 – 0.97) per 100,000 PY. Pooled and 

country-specific incidence rates of narcolepsy diagnosis per age category are presented in 

Table 6.2. 

 

Figure 6.1 Cumulative person-time contributions to narcolepsy incidence rates by database 
and calendar year 
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Incidence rates in the NL-IPCI database as in Italian regions were lower than those 

calculated for Denmark, Finland, Sweden and the UK-GPRD database. In the NL-IPCI 

database 86 cases were identified through a text search followed by a review of the 

electronic medical record to discard obvious false positives. After verification of these 86 

cases by narcolepsy experts according to the Brighton Collaboration criteria (39) we found 

a positive predictive value (PPV) for ‘text searches’ of 17.4%. Of the 86 cases, 43 had 

other diagnoses, for 28 cases insufficient clinical or laboratory information was available 

and two cases were diagnosed correctly but diagnosed prior to the defined observation 

time (i.e., prevalent cases). The PPV for children aged 5-19 years was 33%. Figure 6.2 

depicts the substantial change of the incidence rate pattern over time after verification. 

 

 

I n c i d en c e  r a t e s  by  age  and  s ex   

The incidence rate of narcolepsy diagnosis was age dependent. The overall lowest 

background incidence rate was seen in children under five years of age, at 0.13 per 

100,000 PY (95% CI: 0.07 – 0.20). The highest rate of narcolepsy diagnosis was observed 

in the age group 20-59 years (1.06 per 100,000 PY, 95% CI: 1.01 – 1.11). Figure 6.3 

demonstrates a major peak between 15 to 30 years of age and a less pronounced, peak 

around 60 years of age.  

  

Figure 6.2 Effect of case verification on incidence rates by time period in the NL-IPCI 
database 



118 | C h a p t e r  6  

 

 

 

 

The incidence rates were very similar for men and women over 40 years of age (Figure 

6.3). The age and sex dependent pattern is driven by data prior to the pandemic period 

(2137 cases vs. 471 cases after September 2009), which is also evident when considering 

the pattern without data from the signalling countries (Figure 6.3). At younger ages, women 

had higher rates - most markedly between 15 and 40 years of age. The overall pooled 

incidence rate was slightly higher in women as compared to men (0.97 (95% CI: 0.92-1.02) 

vs. 0.85(95% CI: 0.80-0.90) per 100,000 PY). In the Italian regions and the UK-GPRD 

database, incidence rates were slightly lower in women as compared to men. They were 

0.23 vs. 0.26 in the Tuscany region and 0.23 vs. 0.34 in Emilia Romagna region, in the UK-

GPRD 0.96 vs. 1.07 per 100,000 PY. 

Figure 6.3 Pooled incidence of narcolepsy diagnosis (2000-2010) by age and sex for all non-

signalling countries (DK, IT-Emilia Romagna, IT-Tuscany, NL, UK) and for all countries including 

signalling countries (FI, SE). 
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Figure 6.4 depicts the pooled monthly incidence rates of narcolepsy for the period 2000-

2010. The diagnosis rates exhibit a seasonal pattern and appear highest around January 

with a marked decrease in July.  

 

 

In Figure 6.5 the pooled incidence rate of narcolepsy diagnosis is shown to vary around 1 

per 100,000 PY. Although confidence intervals are wide, no considerable changes are seen 

until the second half of 2010 when there was a marked increase in the incidence rate of 

narcolepsy diagnosis. This overall increase was attributable to the increases observed in 

Sweden and Denmark. Finnish data for 2010 were not included in this figure as they were 

not available per month.  

 

 

 

 

 

Figure 6.4 Incidence of narcolepsy diagnosis by month pooled for 2000-2010 and for all 
countries (except 2010 data from Finland) 
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The data is also presented by pandemic influenza vaccination period (pre-pandemic 

influenza, pandemic influenza/pre-vaccination, and pandemic influenza/post-vaccination). In 

Table 6.3 pooled and country specific rates are shown by age and influenza/vaccination 

period with rate ratios estimating the relative change in pre-vaccination and post-

vaccination diagnosis rates. Considering the pooled data, a significant increase in 

narcolepsy diagnosis is seen in the 5-19 and the 20-59 year age group between the pre 

and post vaccination periods. The country specific rate ratios show significant increases in the 

5–19 year age group in Finland (RR: 6.4 (4.2 – 9.7)), Sweden (RR: 7.5 (5.2 – 10.7)) and 

Denmark (RR: 1.9 (1.1-3.1)). In Finland an increase was also observed in the age group over 

60 years of age (RR: 1.9 (1.1 – 3.3)), and in Denmark in the age group 20-59 years of age 

(RR: 1.5 (1.2 – 1.9)). In the UK-GPRD a significant decrease in narcolepsy diagnoses 

between the pre- and post-vaccination periods was observed in the 20-59 year age group 

(RR: 0.41 (0.22 – 0.74)). 

D i s cu s s ion  

To our knowledge, this is the largest published study on narcolepsy epidemiology to date. It 

was designed as a proof of principle study utilizing the described approach to inform public 

health decision-making during an emerging public vaccine safety concern. 

Incidence rate data of narcolepsy were useful to quantify background diagnostic rates and 

to provide insight into changing epidemiologic patterns of diagnoses over time, by age, sex, 

and country (41). We found the incidence of narcolepsy diagnosis to be stable over time 

around 1 per 100,000 PY. Incidence rates were age dependent with a peak between 15-

30 years of age in women especially, and a smaller peak at around 60 years of age. 

Overall we found a slightly higher incidence rate in women than men. We observed 

significant increases in the diagnosis of narcolepsy in the 5–19 year age group in Finland 

and Sweden following the start of the influenza A(H1N1)pdm09 vaccination campaigns, in 

line with the reported signal. Increases were also seen in the 5-19 and 20-59 year age 

groups in Denmark and in the over 60 year age group in Finland after September 2009. 

These increases occurred in spite of relatively low influenza A(H1N1)pdm09 vaccination 

coverage in the Danish population.  

A common protocol, common infrastructure for data sharing, standardized data elaboration 

and central data analysis were employed to avoid heterogeneity due to differences in 

study methods beyond the local data collection. However, differences in narcolepsy 

incidence rates were observed between countries. This may be explained by differences 

between national healthcare databases (e.g., in- and outpatient claims vs. primary care 

medical record databases), or by country specific changes in referral and diagnostic 

patterns over time. Nevertheless, the resulting variability in incidence over time and across 

countries was within a narrow range. Therefore, not only country specific data but also 
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pooled data were presented to describe patterns of narcolepsy diagnosis incidence more 

clearly. 

Very few estimates of the incidence of narcolepsy or narcolepsy diagnosis have been 

published. A US-based study by Silber et al reported an incidence of narcolepsy with 

cataplexy of 0.74 (95%CI: 0.47 – 1.16) per 100,000 PY, and of narcolepsy with or without 

cataplexy of 1.37 (95%CI: 0.95 – 1.90) per 100,000 PY over a 30 year period (42). In 

their study the incidence rate was higher in men than in women (1.72 vs. 1.05) and all 

except one case occurred between the ages of 10 and 29 years. Pooled incidence rates of 

narcolepsy diagnosis from our study are in the same magnitude. As in the study by Silber et 

al the highest background incidence rate of narcolepsy diagnosis was also seen between 15 

and 30 years of age. However, incidence rates outside this age range were relatively high 

in our study compared to Silber et al. As our rates reflect diagnoses rather than onset of 

narcolepsy, which is reported by Silber et al, this could indicate a long lag time between 

onset of disease and diagnosis. In contrast to the study by Silber et al, we detected an 

overall slightly higher incidence rate in women. This was most marked between the ages of 

15 and 30 years, coinciding broadly with the reproductive age. We cannot determine 

whether this peak is a result of biological mechanisms or due to determinants of diagnosis.  

In a recent study in China, Han et al found a seasonal pattern for narcolepsy, with onset of 

narcolepsy being least frequent in November and most frequent in April (20). While our 

data also indicate a seasonal effect on incidence rates, our peaks and troughs are not 

during the same months. However, we considered diagnoses of narcolepsy as the index 

date, while Han et al. used onset of disease. The lower rates we observed in July are 

unlikely to be a function of disease, but rather reflective of a lower diagnosis rate of a 

chronic condition during the major holiday period in Europe.  

 Over 50% of initially identified cases in the NL-IPCI database were excluded during case 

verification as narcolepsy had been ruled out in these cases. In a quarter, data were 

insufficient to confirm the clinical diagnosis.  Consequently, a rate increase initially observed 

in 2009 and 2010 disappeared upon verification and that the age, time, and gender 

specific patterns changed. Case verification has not been performed for the other 

participating databases, for which case detection methods vary substantially. The effect of 

systematic case verification on the epidemiologic pattern in these countries remains to be 

elucidated.  

In Finland, we observed an increase in the incidence rate of narcolepsy diagnosis after 

September 2009 in children and adolescents aged between 5-19 years of age, but not in 

young children, adults aged 20-64 and to a lesser extent in older adults. An increase in the 

age group of 5-19 years of age after September 2009 was also observed in Sweden. This 

is in line with the signal reported in these countries for the influenza A(H1N1)pdm09 vaccine. 



T h e  i n c i d e n c e  o f  n a r c o l e p s y  i n  E u r o p e  | 125 

Both countries had a high coverage of influenza A(H1N1)pdm09 vaccination in most age-

groups, including those in which the increase in diagnosis of narcolepsy was observed. In the 

NL-IPCI data, no increase in incidence was seen in the influenza A(H1N1)pdm09 vaccine 

targeted age groups (persons over 60 years, children under 5 years in addition to high risk 

groups) after the A(H1N1)pdm09 vaccination campaign started. However, vaccination 

coverage was low in the 5 – 19 year age group. Also in the Italian regions and the UK-

GPRD no increase was seen in influenza A(H1N1)pdm09 vaccine targeted age groups. Here 

too vaccination coverage was low in the 5-19 year age group. Note that for the 

Netherlands, IT-Tuscany and the UK, data was not available for the whole of 2010, 

therefore comparisons with countries that do have complete data for 2010 should be 

interpreted with caution. In Denmark, an increase in the incidence of narcolepsy was 

observed after September 2009 (Table 6.3). In Denmark risk-groups were targeted for 

A(H1N1)pdm09 vaccination as well as health care workers (43). The vaccination coverage in 

risk groups was 20%. Therefore, coverage is expected to have been low in the overall 

population. Consequently, influenza A(H1N1)pdm09 vaccination is unlikely to form an 

explanation for the observed increase in narcolepsy diagnosis in the 5-19 and 20-59 year 

age group.  

Population based background rate data cannot provide conclusive evidence on a potential 

causal association between influenza A(H1N1)pdm09 vaccination and narcolepsy diagnosis. 

However, it can be used for a rapid assessment of public health impact on a population 

level. The signal reported in Finland and Sweden was also detected in the background rate 

data collected for this study. The mismatch of changes in age specific narcolepsy diagnosis 

rates with the underlying influenza A(H1N1)pdm09 vaccine coverage rates in certain age 

groups provides some indication that other factors than influenza A(H1N1)pdm09 

vaccination may also be associated with increasing incidence rates of narcolepsy diagnosis. 

Thus, additional factors that could explain an increase in incidence of diagnosis of 

narcolepsy should be considered for formal hypothesis testing.  

This study is unique as it is of unprecedented size, covering six countries and a 10 year 

period employing a standardized approach. Unfortunately, case status could not be verified 

for all participating countries, and further verification of identified cases could impact on the 

magnitude and patterns of narcolepsy diagnosis rates. Nonetheless, the data provide a 

useful insight into patterns of diagnosis of narcolepsy over time, by age and by sex. The 

most striking observations are the higher rate of narcolepsy diagnosis in women of 

reproductive age and especially the increases in diagnosis rates observed towards the end 

of 2009 and 2010 in Finland, Sweden and Denmark, that in the case of Denmark do not 

coincide with a high influenza A(H1N1)pdm09 vaccine coverage.  
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Abs t rac t  

Background   

Several studies conducted during a period of heightened attention identified an association 

between PandemrixTM, an AS03 adjuvanted pandemic influenza A(H1N1) vaccine, and 

narcolepsy, a rare and under-diagnosed sleep disorder with a median onset-to-diagnosis 

interval of ten years. Using the example of narcolepsy and Pandemrix, this paper studies 

potential sources of bias in order to provide methodological recommendations for 

assessment of vaccine safety signals. 

Methods  

We simulated the effects of two key potential sources of bias on the association between 

Pandemrix and narcolepsy: 1) Detection bias, defined as accelerated diagnosis of 

narcolepsy in vaccinated children upon awareness of the association and 2) Differential 

misclassification bias defined as misattribution of date of narcolepsy onset to the period 

following vaccination. The simulated data sets were analyzed using cohort and case-control 

methods.  

Resu l t s  

The relative risks of narcolepsy in vaccinated versus non-vaccinated children could become 

as high as 28.4 in the presence of the two simulated sources of bias. They had less impact 

when vaccine coverage was higher, the underlying interval from onset to diagnosis was 

shorter, or the case capture period was extended. The case-control design was less 

influenced by these biases than the cohort design.  

Conc l u s ion s  

Our simulation study showed that in the absence of a real association between the vaccine 

and the outcome, presence of detection bias and differential exposure misclassification 

could account for elevated RRs for vaccine exposure in association studies. These may play a 

major role, particularly in alert situations when observation times are limited, the disease is 

rare, and the disease has a long latency period. Overall, these simulations provide useful 

insights for the design and interpretation of future studies. 
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Background 

In August 2010, case reports linking the occurrence of narcolepsy in children aged 5 to 19 

years to an AS03 adjuvanted H1N1pdm09 (pH1N1) vaccine, PandemrixTM 

(GlaxoSmithKline, Middlesex, United Kingdom) were published in Finland and Sweden (1, 

2). In the European Union, Pandemrix was widely used, with over 30 million doses 

administered. Coverage was particularly high in the Nordic countries (3). Following reports 

from Sweden and Finland, the European Medicines Agency initiated a review procedure (4) 

which eventually led to the restriction of indication for Pandemrix (5).  

Narcolepsy is a chronic sleep disorder that is severely debilitating. The dysregulation of the 

sleep-wake cycle is caused by the destruction of hypocretin forming neurons in the 

hypothalamus, which is thought to result from an auto-immune process (6). Symptoms include 

excessive daytime sleepiness (EDS) and cataplexy (7). Symptoms usually emerge gradually 

and can initially be non-specific. Consequently, symptoms can be attributed to other 

diagnoses resulting in a delay of narcolepsy diagnosis and treatment (8-11). Despite 

significant improvements in the speed and accuracy of narcolepsy diagnosis (10-12), a 

recent study found that the median delay between onset and diagnosis remains 

approximately 10 years (9).  

As of May 2015, eight epidemiological studies testing the association between Pandemrix 

and clusters of narcolepsy cases (13-21) have been published reporting risk estimates 

ranging from 1.6 to 14.4. Generally, published studies were meticulous in their methods and 

applied sensitivity analyses to evaluate the presence of biases. Nonetheless, studies were 

inevitably observational and, as studies were mostly initiated rapidly after the signal 

emerged, they had limited time for case capture. Combined with the often nonspecific 

symptoms and onset of narcolepsy resulting in delayed diagnosis these studies are 

particularly prone to bias. Five years after the original signal emerged it remains unclear if 

and how potential sources of bias affected the estimates from the association studies. 

Consequently it is still unknown what the exact association between Pandemrix and 

narcolepsy is (22, 23). 

It is not unthinkable that a similar scenario could unfold in the future, i.e. a safety signal 

involving a difficult to diagnose condition with a delayed onset is linked to exposure with a 

new vaccine. Indeed, a similar situation has occurred in the past, when clusters of cases of 

Guillain-Barré syndrome were detected after the introduction of a new swine flu vaccine 

(24). Using the example of narcolepsy and Pandemrix, we explore the potential impact of 

two sources of bias that are likely to occur in similar scenarios.  

Detection bias. The first source of bias is a type of selection bias. Awareness of a potential 

association between narcolepsy and vaccination amongst physicians and the general public 

could result in earlier diagnosis for vaccinated cases compared to unvaccinated cases, 
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making vaccinated cases more likely to be included in observational studies with limited 

observation time (15). We refer to this as ‘detection bias’. 

Differential exposure misclassification. A second source of bias we consider is a form of recall 

bias, in which the onset of symptoms is misattributed, resulting in misclassification of onset 

dates to the period following vaccination. As narcolepsy symptoms often develop gradually 

and onset of symptoms is not always clearly identifiable, studies into narcolepsy are 

particularly prone to recall bias. We hypothesize that recalling onset of EDS with knowledge 

of a putative association between vaccination and narcolepsy could lead a patient to recall 

that symptoms started after vaccination (25). We refer to this as ‘differential exposure 

misclassification’. 

Methods  

We considered the impact of detection bias and differential exposure misclassification as 

defined above on the association measure between Pandemrix and narcolepsy. 

S imu l a t i o n  

We simulated a population of 100,000 subjects < 19 years of age on April 1st 2009 to 

mimic the signal-generating population. We subsequently simulated dates of birth and 

death (based upon average lifespans in western Europe) to create a simulated lifetime for 

each subject. EDS onset dates were assigned over the lifespan of subjects based upon the 

reported age and gender specific incidence rates of narcolepsy with cataplexy onset (26). 

Given these EDS onset dates, initial narcolepsy diagnosis dates were assigned using a 

random value drawn from a distribution of narcolepsy onset-to-diagnosis intervals which was 

assumed to have a gamma distribution chosen to mimic the distribution of onset-to-diagnosis 

intervals reported in the literature: a median of 10 years with a range of 0 to 40 years 

(11). Additionally, since the underlying onset-to-diagnosis interval in children is potentially 

shorter (10), alternate gamma distributions with medians of 3 (range 0-13) and 7 (range 0-

27) years were also used. All onset-to-diagnosis intervals were simulated to be at least 40 

days long. 

Overall vaccination coverage in this population was simulated at 25, 50 and 75%. 

Vaccination dates were assigned independent of the age of a subject using a beta 

distribution of administration times mimicking real-life Pandemrix administration dates 

between October 12, 2009 and February 12, 2010 (27). 

A null association (RR=1) was assumed for the actual relation between vaccine exposure 

and outcome. 
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Detection bias: Reduction in the EDS onset-to narcolepsy diagnosis interval was applied only 

to vaccinated cases for whom diagnosis occurred after the date of media attention 

(simulated to be August 15, 2010). If EDS onset occurred before August 15, 2010, the 

reduction was applied only to the interval from August 15, 2010 to the date of diagnosis. 

The date of narcolepsy diagnosis was reset in this way with 30, 60, and 90% reductions of 

the interval with the restriction that the interval should be at least 40 days. Data with no 

reduction in the interval was also simulated (Figure 7.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1 Application of Reduction in the Interval from Onset to Diagnosis (Detection Bias) 

Differential exposure misclassification: Misattribution of EDS onset dates to the period 

following vaccination was applied with probability 30, and 60% to subjects who were 

diagnosed with narcolepsy after vaccination and after the start of media attention. In this 
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case the onset date was reset to a random date between the date of vaccination and the 

minimum of diagnosis date or vaccination date plus 180 days, based upon the six month risk 

period used by Miller et al. in their self-controlled case series analysis (19). Data with no 

misattribution of onset dates was also simulated (Figure 7.2). 

 

 

 

 

 

 

 

We simulated 9 combinations of the underlying population settings: gamma scale (baseline 

onset to diagnosis interval, 3 different values) and vaccination coverage (3 values), to which 

we applied 12 combinations of the simulated sources of bias: detection bias (4 values), and 

differential exposure misclassification parameters (3 values) for a total of 108 combinations 

of simulation parameters 

Ana l y s i s  

The association between vaccination and narcolepsy in children aged 4 - <19 years during 

the study period was analyzed using dynamic cohort and case-control designs. In the 

primary analyses a case capture (study period) of April 1, 2009 to December 1, 2010 was 

used in line with several published studies. We calculated absolute incidence rates in 6-

month periods and calculated case counts during exposed and unexposed person time. In 

the comparative cohort analysis, the incidence rate of narcolepsy was compared between 

dynamic cohorts of vaccinated and non-vaccinated persons. All person time after the date of 

vaccination was considered exposed, whereas the entire case-capture period of non-

vaccinated persons as well as the pre-vaccination time in vaccinated subjects contributed to 

non-exposed person time. Rate ratios were calculated based on Poisson regression. In the 

case-control analysis, cases were matched to 10 controls on sex, age in years and onset 

date. Odds ratios were calculated using conditional logistic regression.  

We conducted several analyses to investigate the effects of different design choices and 

ways to mitigate bias. All sensitivity analyses were conducted using vaccination coverage of 

50% and the baseline onset-to-diagnosis interval distribution described in literature with 

median 10 years, range 0-40 years. To study the effect of the length of case capture 

Diagnosis Reset Media attention Index 

(EDS) 

Vaccinatio

Figure 7.2 Application of misattribution of onset dates for cases with onset prior to vaccination 

(differential exposure misclassification bias) 
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period, analyses with observation periods as long as 50 years were conducted. To study the 

effect of exclusion of cases possibly affected by awareness of a putative association, in one 

of the settings we excluded the cases with onset dates and diagnosis dates after August 15, 

2010. 

For each set of simulation parameters, 500 replications were analyzed, each producing an 

estimate and 95% confidence interval. Reported results are the exponentiated median of 

these 500 estimates calculated on the log scale and medians of the lower and upper 

confidence limits. All analyses were conducted using SAS 9·2. 

Re su l t s  

Application of onset-to-diagnosis interval reduction (detection bias) and differential 

exposure misclassification over three coverage rates and three baseline onset-to-diagnosis 

intervals increased the number of narcolepsy onset dates observed in the study period. 

Figure 7.3 for exposed and unexposed children, the number of onset dates associated with 

narcolepsy diagnosed cases in scenarios with different percentages of differential exposure 

misclassification (columns), vaccination coverage (rows) and levels of detection bias (X-axis in 

each plot), using a baseline onset-to-diagnosis interval with a median of 10 (range 0-40) 

years. The number of observed narcolepsy onset dates increases at approximately the same 

rate in exposed and unexposed person time with an increasing detection bias in the absence 

of differential exposure misclassification (within columns Figure 7.3). except when vaccine 

coverage is 25% in which case no onset dates are observed in exposed person time. With 

the introduction of differential exposure misclassification in exposed subjects, new 

narcolepsy diagnoses occur more often in post-vaccination person time. Figure 7.4 shows the 

effects of reduction of EDS onset-to-diagnosis date on the shape of incidence rates in this 

cohort of 0-19 year olds in 2009. With a reduction of 60 to 90% in lag time, a clear peak 

in incidence of narcolepsy diagnoses occurs after media attention. 

Table 7.1 shows the results of cohort and case-control analyses of all 108 different 

parameter settings. 

Because a 10 year onset-to-diagnosis interval has been reported in the literature, we have 

chosen to illustrate our results using underlying populations with this onset-to-diagnosis 

interval and the intermediate vaccine coverage of 50%. 

Using a cohort analysis on this underlying population to which the maximum reduction of time 

from EDS onset-to-diagnosis (90%) has been applied in the absence of differential 

exposure misclassification produced a median RR of 2.24 (95% CI: 1.39, 3.62). In case-

control analysis, the same simulation parameter settings produced an OR of 2.99 (95% CI: 

1.79, 5.00) (Table 7.1).  
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In the absence of a reduction in the EDS onset-to-diagnosis interval, differential exposure 

misclassification resulted in a RR of 4.31 (95% CI: 1.68, 10.74) when vaccination coverage 

was 50% and the EDS date was attributed to the post-vaccination period with a median 

probability of 60% for vaccinated cases. In the case-control analysis, the same simulation 

parameter settings produced an OR of 4.16 (95% CI: 1.54, 11.17) (Table 7.1). 

 

  

Figure 7.3 Number of EDS onset dates in exposed and unexposed person time during follow
up with different probabilities of ascertainment bias (columns), reductions in time from onset
to diagnosis (X-axis) and vaccination coverages (rows) 
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Table 7.1 Relative Risks and Odds Ratios in primary cohort and case control analyses 

Baseline 
interval 
(O-D) 

DE
MB  

DB 

Coverage = 25% Coverage = 50% Coverage = 75% 

Cohort RR 
(95% CI) 

Case Control 
OR (95%CI) 

Cohort 
RR (95%CI) 

Case Control 
OR (95%CI) 

Cohort 
RR (95%CI) 

Case Control 
OR (95%CI) 

Median: 
3 years. 
 
Range 
0-13 
years 
 
 (γ - 2) 

0 

0 
0.42  

(0.16-1.12) 
0.97  

(0.34-2.77) 
0.38 

(0.19-0.77) 
0.99 

(0.47-2.11) 
0.31  

(0.17-0.57) 
1.02  

(0.53-1.94) 

30 
0.57  

(0.25-1.32) 
1.31  

(0.54 -3.13) 
0.50  

(0.27-0.93) 
1.19 (0.61 -

2.31) 
0.42  

(0.25-0.71) 
1.14  

(0.65-1.98) 

60 
1.05 

(0.57-1.92) 
2.06  

(1.06 -4.04) 
0.82 (0.52-

1.31) 
1.69 (1.03 -

2.76) 
0.61  

(0.41-0.91) 
1.33  

(0.87-2.04) 

90 
3.61  

(2.62-5.02) 
5.03  

(3.50 -7.17) 
2.15  

(1.68-2.76) 
2.83  

(2.18-3.69) 
1.32  

(1.07-1.63) 
1.43 (1.19, 

1.68) 

30 

0 
1.09  

(0.57-2.08) 
2.10 

 (1.02 -4.21) 
0.99  

(0.60-1.62) 
1.74  

(1.02-2.93) 
0.88  

(0.56-1.4) 
1.43  

(0.88-2.31) 

30 
1.51  

(0.88-2.60) 
2.60  

(1.37 -4.87) 
1.40  

(0.89-2.18) 
2.08  

(1.29-3.31) 
1.11  

(0.74-1.66) 
1.58  

(1.04-2.42) 

60 
2.75  

(1.76-4.27) 
3.92  

(2.42 -6.34) 
2.27  

(1.59-3.27) 
2.73  

(1.85-4.01) 
1.8  

(1.29-2.52) 
1.89  

(1.34-2.67) 

90 
8.09  

(6.11-10.73) 
8.11  

(5.97-11.05) 
5.27  

(4.18-6.63) 
4.57  

(3.58-5.83) 
3.39  

(2.76-4.17) 
2.55  

(2.06-3.17) 

60 

0 
1.81  

(1.07-3.09) 
2.93  

(1.63 -5.15) 
1.64  

(1.06-2.55) 
2.20 

(1.37 -3.51) 
1.54  

(1.02-2.31) 
1.71  

(1.12-2.64) 

30 
2.61  

(1.63-4.23) 
3.62  

(2.15 -6.08) 
2.34  

(1.58-3.48) 
2.69  

(1.79-4.07) 
2.07  

(1.42-3.02) 
1.95  

(1.32-2.91) 

60 
4.71  

(3.2-6.9) 
5.41  

(3.55 -8.28) 
4.10  

(2.94-5.75) 
3.76  

(2.64-5.35) 
3.43  

(2.48-4.79) 
2.54  

(1.80-3.57) 

90 
14.36  

(10.9-18.9) 
12.49  

(9.24-16.84) 
10.39  

(8.13-13.29) 
7.48  

(5.78-9.69) 
7.18  

(5.71-9.04) 
4.19  

(3.30-5.35) 

Median 
7 years.  
 
Range 
0-27 
years  
 
(γ = 4) 

0 

0 
0.35  

(0.05-2.92) 
0.9  

(0.11-9.73) 
0.31  

(0.07-1.38) 
0.97  

(0.22-4.5) 
0.26  

(0.08-0.83) 
1.03  

(0.31-3.47) 

30 
0.53  

(0.12-3.11) 
1.16  

(0.19-7.65) 
0.43  

(0.13-1.41) 
1.29  

(0.36-4.33) 
0.37  

(0.14-0.98) 
1.16  

(0.41-3.32) 

60 
0.93  

(0.31-2.95) 
2.18  

(0.63-7.85) 
0.75  

(0.31-1.75) 
1.74  

(0.72-4.22) 
0.58  

(0.28-1.19) 
1.36  

(0.63-2.93) 

90 
4.13  

(2.58-6.67) 
5.71  

(3.37-9.75) 
2.24  

(1.57-3.22) 
2.99  

(2.03-4.38) 
1.27  

(0.93-1.72) 
1.74  

(1.26-2.40) 

30 

0 
1.88  

(0.75-4.78) 
3.1  

(1.10-9.02) 
1.73  

(0.80-3.74) 
2.35  

(1.02-5.38) 
1.5  

(0.72-3.11) 
1.76  

(0.83-3.75) 

30 
2.71  

(1.19-6.25) 
3.89  

(1.56-9.89) 
2.16  

(1.11-4.27) 
2.75  

(1.31-5.71) 
1.89  

(0.98-3.59) 
2.01  

(1.02-3.94) 

60 
4.73  

(2.47-9.05) 
5.57  

(2.75-11.61) 
3.79  

(2.16-6.73) 
3.74  

(2.06-6.81) 
3.06  

(1.78-5.26) 
2.39  

(1.38-4.14) 

90 
14.96  

(9.84-22.58) 
12.7  

(8.19-19.61) 
8.43  

(6.05-11.7) 
6.44  

(4.57-9.12) 
5.12  

(3.83-6.85) 
3.28  

(2.44-4.44) 

60 

0 
3.45  

(1.57-7.59) 
4.42  

(1.82-10.78) 
3.29  

(1.66-6.5) 
3.24  

(1.59-6.66) 
3.01  

(1.54-5.83) 
2.37  

(1.19-4.75) 

30 
5.12  

(2.56-10.3) 
5.77  

(2.62-12.43) 
4.42 (2.41-

8.24) 
3.83  

(2.06 -7.45) 
3.94  

(2.14-7.31) 
2.89  

(1.51 -5.52) 

60 
8.97  

(4.97-16.34) 
8.55  

(4.48 -16.2) 
8.44 (4.84-

14.56) 
5.79  

(3.27-10.28) 
6.63  

(3.85-11.22) 
3.74  

(2.14 -6.64) 

90 
32.43  

(21.0-49.3) 
22.68 

(14.6-35.3) 
20.09 

(13.9-29.0) 
12.95  

(8.84-19.04) 
12.69 

(9.1-17.65) 
6.52  

(4.44-8.81) 

γ = gamma scale parameter, DEMB= Differential Exposure Misclassification Bias, DB= Detection Bias 
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Table 7.1 Relative Risks and Odds Ratios in primary cohort and case control analyses (C’td) 

Baseline 
interval 
(O-D) 

DE
MB 

DB 

Coverage = 25% Coverage = 50% Coverage = 75% 

Cohort RR 
(95% CI) 

Case Control 
OR (95%CI) 

Cohort 
RR (95%CI) 

Case Control 
OR (95%CI) 

Cohort 
RR (95%CI) 

Case Control 
OR (95%CI) 

Median 
10 
years. 
 
Range 
0-40 
years 
 
(γ = 6) 

0 

0 
0  

(0-NA) 
0  

(0-NA) 
0.31  

(0.04-4.43) 
1.03  

(0.16-12.32) 
0.22  

(0.03-1.83) 
1.15  

(0.18-6.7) 

30 
0.48  

(0.06-9.09) 
1.12  

(0.11-61.51) 
0.36  

(0.05-2.98) 
1.15  

(0.2 -8.23) 
0.34 (0.08-

1.55) 
1.27  

(0.26 -5.98) 

60 
1.03  

(0.2-6.25) 
2.1  

(0.34-15.68) 
0.72  

(0.21-2.65) 
1.83  

(0.5 -6.71) 
0.55  

(0.19-1.57) 
1.43  

(0.45-4.46) 

90 
4.37  

(2.35- 8.25) 
6.08  

(2.93-12.35) 
2.24 

(1.39-3.62) 
2.99  

(1.79 -5) 
1.26  

(0.84-1.88) 
1.73  

(1.14 -2.62) 

30 

0 
2.34  

(0.67- 8.67) 
3.76  

(0.90-16.51) 
2.29  

(0.8-6.82) 
2.91  

(0.93 -8.74) 
2.02 (0.76-

5.43) 
1.95  

(0.70 -5.61) 

30 
3.82  

(1.22-11.13) 
4.96 

(1.49-16.85) 
2.87  

(1.13-7.32) 
3.41  

(1.25 -9.25) 
2.77 

(1.11-6.53) 
2.19  

(0.87 -5.58) 

60 
6.19  

(2.48-15.72) 
7.47  

(2.67-20.57) 
5.65  

(2.56-12.36) 
4.52  

(2 -10.46) 
4.08  

(1.92-8.38) 
2.76  

(1.26-5.85) 

90 
19.32  

(11.4-33.15) 
15.55  

(8.85-27.5) 
10.36  

(6.83-15.73) 
7.55 

(4.86-11.72) 
6.11  

(4.24-8.82) 
3.76  

(2.56-5.47) 

60 

0 
4.76 

(1.66-13.52) 
5.78 

(1.81-19.46) 
4.31 

(1.68-10.74) 
4.16 

(1.54-11.17) 
4.54 

(1.69-11.83) 
2.85 

(1.05-7.6) 

30 
6.82 

(2.71-17.06) 
7.24 

(2.54-21.47) 
6.44  

(2.67-15.22) 
5.22  

(2.04-12.88) 
5.71 

(2.34-13.40) 
3.17  

(1.32-7.97) 

60 
12.92  

(5.70-29.72) 
11.30 

(4.53-27.27) 
10.63  

(5.08-22.61) 
7.73 

(3.44-16.83) 
8.65 

(4.14-18.89) 
4.83  

(2.18-10.74) 

90 
46.02  

(25.69-82.4) 
32.1 

(17.8-58.5) 
28.4  

(17.1-47.1) 
16.98 

(10.15-28.1) 
17.29 

(11.1-27.0) 
7.74 

(4.98-12.12) 

γ = gamma scale parameter, DEMB= Differential Exposure Misclassification Bias, DB= Detection Bias 

When combining the effect of detection bias and differential exposure misclassification , the 

estimates were higher in cohort analyses than in case-control analyses as the biases became 

more pronounced. In the most extreme scenario, with a median 90% reduction in the onset-

to-diagnosis interval in vaccinated cases and a median probability of differential 

misclassification equal to 60% in vaccinated cases, we found a RR of 28.4 in the cohort 

analysis (95% CI: 17.13, 47.12). The same parameter settings produced an OR of 16.98 

(95% CI: 10.15, 43.85) in the case-control analysis (Table 1). In the absence of either source 

of bias, median RR estimates from the cohort analysis for all scenarios were less than one 

when observation time was limited. However, with extension of observation time up to 25 

years, the RR was estimated to equal to the simulated RR of one.  

Results from case-control analyses were less inflated when detection bias and differential 

exposure misclassification were present. For both case-control and cohort designs, increased 

vaccination coverage and a shorter baseline onset-to-diagnosis interval lead to RR estimates 

closer to the true rate of one when biases are present (Table 7.1). 

When combining the effect of detection bias and differential exposure misclassification , the 

estimates were higher in cohort analyses than in case-control analyses as the biases became 

more pronounced. In the most extreme scenario, with a median90% reduction in the onset-to-
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diagnosis interval in vaccinated cases and a median probability of differential 

misclassification bias equal to 60% in vaccinated cases, we found a RR of 28.4 in the cohort 

analysis (95% CI: 17.13 - 47.12). The same parameter settings produced an OR of 16.98 

(95% CI: 10.15 - 43.85) in the case-control analysis (Table 7.1). Increased vaccination 

coverage and a shorter baseline onset-to-diagnosis interval each led to reduced impact of 

bias. 

Results from case-control analyses were less inflated when detection bias and differential 

exposure misclassification were present. For both case-control and cohort designs, increased 

vaccination coverage leads to RR estimates closer to the true rate of one when biases are 

present (Table 7.1). 

Extension of the case capture period reduces the bias (Figure 7.4). With each extension, the 

rate of narcolepsy in vaccinated subjects converges toward the background rate. 

Figure 7.4 Relative rates of narcolepsy by probability of differential exposure

misclassification with extended observation periods, cohort analysis, 50% vaccination

coverage, start observation 1 April 2009 
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As illustrated in Figure 7.5 reduction in time from onset to diagnoses leads to incidences 

greater than the background rate in the period following awareness of the association in 

vaccinated cases, followed by reduction in the incidence rate to levels below the 

background rate 

When cases with an onset date after August 15, 2010 were excluded, the RR was 1.87 

(95% CI: 1.15, 3.05) in cohort analyses for the extreme setting of detection bias in the 

absence of differential exposure misclassification. Similarly, the RR was 4.45 (1.76, 11.67) 

with exclusion of cases with onset after August 15, 2010 at the most extreme setting of 

differential exposure misclassification in the absence of detection bias. Exclusion of cases 

with EDS onset dates after media attention, with a 90% reduction in the onset-to-diagnosis 

interval and a 60% probability of differential exposure misclassification, produced an RR of 

27.10 (95% CI: 16.52, 44.11) while the estimate was 28.4 (95% CI: 17.13, 47.12) when 

these cases were not excluded. Exclusion of all cases with a diagnosis of narcolepsy after 

media attention resulted in estimates less than one and confidence intervals including one for 

all parameter settings. Excluding these cases nullified the effect of differential 

misclassification bias because only those cases diagnosed after media attention were 

simulated to misattribute their date of EDS onset to the period following vaccination.  

Figure 7.5 Incidence of new narcolepsy diagnoses over time 
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Discussion  

Our results indicate that, in the absence of a real association between Pandemrix and 

narcolepsy, the presence of detection bias or differential exposure misclassification elevates 

risk estimates.  

In the absence of either source of bias, median RR estimates from the cohort analysis for all 

scenarios were less than the expected value of one. Our explanation for this observation is 

as follows. The study observation period is limited and the interval between onset and 

diagnosis can be longer than the study observation time, therefore, as diagnosis is the 

criteria for case inclusion, a number of cases with onset within the observation period will not 

be included as case. However, exposed and unexposed person time within the cohort is 

fixed. When we analyzed all cases with onset within the observation period regardless of 

their diagnosis date, the RR was equal to one. In the absence of either bias, using diagnosis 

dates for case capture, an observation period as long as 25 years would be necessary to 

obtain the true RR of one. 

We found that biased attribution of EDS onset (differential exposure misclassification) has a 

greater impact on the estimates than a reduction in the EDS onset-to-diagnosis interval 

(detection bias) both in the cohort and case-control designs. While detection bias increases 

the relative risk estimates, the effect is not discernible until the onset-to-diagnosis interval is 

so reduced that many additional cases can be detected in a short observation period. The 

simultaneous presence of detection bias and differential exposure misclassification increases 

RRs more rapidly than could be expected by the effect size of each bias in isolation. 

In an attempt to exclude detection bias, several published studies limited their primary 

observation period for EDS onset to the period before media attention (15, 18) or included 

sensitivity analyses using such a reduced study period (28). Additionally, studies used 

primary index dates that were thought to be less susceptible to such a bias including onset of 

symptoms (14, 19), first contact with health care (18, 28) or referral to specialist care (15, 

20). In line with observations from our simulations, limiting analysis to subjects with an onset 

date prior to media attention will not eliminate the effect of detection bias, since all patients 

need to be diagnosed to be included, which is where the bias arises. To illustrate this, when 

limiting cases to those with an EDS date before media attention, Nohynek et al. found that 

the RR increased from 11·4 to 12·7 (18) and O’Flanagan et al. found that the RR increased 

from 13·0 to 14·5 (21). Since only diagnosed subjects can be included as cases, detection 

bias will be unavoidable if the onset-to-diagnosis interval is shorter in vaccinated individuals. 

The only way to circumvent the combined effects of detection bias and differential exposure 

misclassification would be to select only patients diagnosed before media attention. This will 

result in limited observation time and limited case inclusion as illustrated by our simulations 

and as was shown in the VAESCO study (13). We are not aware of any existing statistical 
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methods to control for detection bias although quantitative bias analysis could adjust for 

hypothesized biases (29). 

With limited observation time, we found that, in the presence of detection bias and 

differential exposure misclassification, estimates from the case-control design are less 

inflated than those from the cohort design. The resilience of the case-control in this scenario 

has several reasons: the outcome is rare and the pool of controls, matched only by sex and 

age at onset, is large; also, the invariability of exposed person time, which is limited by 

observation time and vaccine coverage in the cohort approach, is avoided. Additionally, in 

this simulated scenario, we were able to sample controls from the same population as the 

cases and to assess their exposure without error, thereby avoiding the most problematic 

sources of bias in case-control studies. The only study to date in which data were analyzed 

using both a case-control and a cohort design found lower estimates in the case-control than 

in the cohort design (16).  

Increased vaccination coverage reduced the bias in cohort and case-control analyses. In 

cohort analyses, this is explained by an increase in the person time denominator for 

vaccinated cases with a smaller increase in events and, simultaneously, a decrease in the 

person time denominator for unvaccinated cases with a smaller decrease in the number of 

events. In case-control analyses, this could be attributed to a greater probability of 

matching to vaccinated controls as vaccination coverage increases.  

When a shorter interval from onset to diagnosis was assumed, the impact of simulated 

biases was less pronounced. This is due to the fact that, with a shorter onset-to-diagnosis 

interval, more cases, whether vaccinated or not, are being captured during the study period. 

We chose to simulate only those sources of bias for which data in the absence of a vaccine 

safety signal exists and for which simulated variables could be modified to mimic the bias. 

Our simulations therefore do not reflect all of the biases that could potentially affect 

estimates of an association between Pandemrix and narcolepsy. By focusing on biases that 

could be evaluated without making untenable assumptions, these simulations provide insights 

that can improve rapid evaluation of vaccine safety signals by decision makers. There were 

several uncertainties, including the true background rate of narcolepsy and the true interval 

between onset of symptoms and diagnosis, for which we made assumptions in order to 

conduct our simulations. The validity of these assumptions will ultimately determine the 

robustness of our simulations.  

The introduction of a new vaccine, or an existing vaccine in new populations, requires the 

assessment of vaccine safety. Large numbers of people can be exposed in a relatively short 

period providing a challenge to real-time safety surveillance. In such situations, as illustrated 

by the experience with Pandemrix and narcolepsy during the 2009/2010 H1N1 pandemic, 
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it can be difficult to determine if a safety finding is a true association or not. Despite these 

challenges, the timely and accurate assessment of potential associations between adverse 

events and vaccination are crucial to ensure vaccine safety and maintain the public’s 

confidence. We believe that our simulations provide useful insights for the design and 

interpretation of future studies. Importantly, our results illustrate that in future analyses of 

safety signals for diseases with long latency periods for which observation times are limited 

the effect of limited case capture together with fixed person time denominators should be 

recognized. Similarly, the changes in exposed and unexposed person time denominators 

with changing vaccination coverage should be also taken into account. As we have shown, 

the case-control design provides less biased estimates in these circumstances as it does not 

require the calculation of person time. Moreover, our simulations illustrate the importance of 

not only understanding background rates of adverse events of special interest prior to 

vaccination campaigns, but also having insight in the background onset-to-diagnosis interval. 

To conclude, our results indicate that, in the absence of a real association between the 

vaccine and narcolepsy, presence of detection bias and differential exposure 

misclassification could account for elevated RRs in vaccinees in association studies. While this 

does not exclude a real increased risk of narcolepsy following Pandemrix, it is possible that 

the levels of increased risk observed were at least partially due to bias.  
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Abstract  

A relatively high burden of influenza is experienced by young children. In order to 

successfully tackle the burden of influenza in children effective vaccines are necessary. 

Accumulated evidence on the efficacy and effectiveness of traditional inactivated split or 

subunit TIVs points towards no significant protection in the youngest children, who are largely 

unprimed. Adjuvanted influenza vaccines have been developed to improve the immune 

response and could possibly overcome limitations of traditional influenza vaccines in the 

youngest age groups.  

In this review we consider evidence from recent clinical trials of adjuvanted vs non-

adjuvanted influenza vaccines in children younger than three years of age. We highlight 

important findings from identified studies and discuss ongoing challenges concerning the use 

of adjuvanted influenza vaccine in young children. 
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Background 

The  Bu rden  o f  I n f l u e nza  i n  Ch i l d r e n  

A relatively high burden of influenza is experienced by young children (1-4). Young children 

often have not been exposed to influenza viral antigens, meaning that they have not been 

vaccinated or infected by influenza, thus are immunologically naïve. As a result they have 

limited protection against infection with influenza viruses. Serological evidence suggests that 

around the age of six most children will have encountered at least one type of influenza 

virus (5). As a result they will have built up some immunity through the presence of cross 

reacting antibodies against drifted strains. With increasing age it is primarily children with 

underlying cardiopulmonary, neurological or immunological disorders that are most 

vulnerable to the consequences of influenza infection (6). As influenza viruses drift, 

individuals could be at a renewed risk of infection as pre-exiting antibodies no longer 

confer protection. In order to overcome this, vaccines would ideally offer broad protection 

against heterotypic strains during influenza epidemics and pandemics. 

Dependent on the predominant circulating strain there is large variability in actual morbidity 

by year, region and age group. The burden is a combination of morbidity and mortality 

resulting from influenza infection, but also of indirect effects in those with underlying chronic 

conditions. For example, influenza infection is associated with exacerbations of wheezing 

and asthma (7). In addition, the impact on primary and secondary health care resources, 

parental absenteeism from work and child absenteeism from school should also be 

considered. The latter can be considerable, as demonstrated in a recent study in Hong Kong 

(8). This diversity and variability of the influenza burden should be kept in mind when 

considering estimates expressing different aspects of the burden. 

An estimated 20-30% of the paediatric population is affected during annual influenza 

outbreaks (2). This translates into considerable use of health care resources, caused by 

outpatient visits, prescription of antibiotics and anti pyretics and hospitalizations (9). Rates of 

influenza related hospitalisation have been reported ranging from 10 to over 100 per 

10,000 children under the age of one. Although less hospitalisation occurs in older children, 

influenza remains one of the most important causes for hospitalisation (2). Influenza infection 

can lead to complications in children such as encephalitis, acute encephalopathy, Guillain-

Barré syndrome, myocarditis and cardiac failure (10, 11). Global mortality due to influenza 

in children under five in 2008 was estimated at between 28.000 and 111.500 deaths (12), 

most of which occurred in developing countries. Noteworthy, it has been found that about 

half of influenza deaths in children occur in previously healthy children (13). With effective 

vaccination all these deaths could have been prevented. 
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Need  fo r  be t t e r  i n f l u e nza  va c c i n e s  

Vaccination is the mainstay in the prevention of influenza and in order to successfully tackle 

the burden of influenza in children effective vaccines are necessary. Split or subunit trivalent 

inactivated vaccines (TIVs) are available for seasonal influenza vaccination programs in most 

countries. It has long been known that these vaccines induce a limited immune response in 

immunologically naïve persons (14). Now, accumulated evidence on the efficacy and 

effectiveness of traditional inactivated split or subunit TIVs points towards no significant 

protection in the youngest children, who are largely immunologically unprimed (15, 16). This 

could indicate that inactivated split or subunit vaccines do not adequately prime immune 

naïve persons. Priming is the activation and expansion of antigen specific T-cells which are 

able to establish memory and exert effector functions (17) and is essential for a lasting 

protective immune response. The possible inability to prime can have large implications if 

these vaccines were relied on in a pandemic scenario in which there is limited or no cross-

reactive antibody present in the population. In children between two to six years there is 

evidence of protection albeit being moderate (15, 16, 18).  

A range of inactivated split or subunit vaccines has been licensed around the world, several 

of which are also licensed for use in children. Special paediatric formulations exist which 

consist of half the adult dose. As pointed out, the evidence to support the use of split or 

subunit TIVs in young children is limited and does not point towards a clear benefit (15, 16, 

18). The evidence to support use of a half dose in this group is more limited. A recent study 

showed that the full dose provided superior immunogenicity compared to the half dose in 

infants and toddlers (6 to 23 months) without increased reactogenicity (19), bringing the 

existence of half dose recommendations in to question. It is generally recommended that 

young children who have not been previously vaccinated with influenza vaccine, and are 

likely to be unprimed, receive two doses. Some studies have shown that two doses could 

result in effective protection in young children (20-24), yet evidence is limited. Another 

option for improving the response to TIVs is increasing the presentation of antigens to 

antigen-presenting-cells such as dendritic cells. This can be achieved through intradermal 

vaccination. Intradermal influenza vaccines are licensed for use in adults and elderly in the 

US and in Europe, but not for use in children (25, 26). There is only limited data in children, 

but studies have demonstrated that intradermal influenza vaccine increases the immune 

response compared to intramuscular vaccination in primed children over the age of three 

and in children aged 6 to 12 months old (27, 28).  

In addition to inactivated influenza vaccines, live attenuated influenza vaccines (LAIVs) are 

available in several parts of the world. LAIVs have been found to be more effective than 

inactivated influenza vaccines in children (29, 30). However LAIV cannot be given to children 
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under the age of two as its use has been associated with increased rates of medically 

attended wheezing and hospitalisation (30-33). 

Clearly, the current situation of influenza vaccination is poignant. For the age group with the 

highest attack rates there is a lack of effective vaccines. Adjuvanted influenza vaccines have 

been developed to improve the immune response and could possibly overcome limitations of 

traditional influenza vaccines in the youngest age groups.  

Adjuvanted Inf luenza Vacc ines  

Adjuvants are components included in vaccine formulations in order to potentiate the immune 

response. Experience with adjuvanted influenza vaccines goes back to the 1950-s, when 

mineral-in-oil adjuvanted influenza vaccines were used on a large scale. These were 

abandoned as their use was associated with severe local reactions including cysts and 

abscess forming (34). Other adjuvanting systems have been studied however it wasn’t until 

the end of the 20th century that the first adjuvanted influenza vaccines were licensed. In 

1997 an oil-in-water (MF59™) adjuvanted seasonal influenza vaccine was licensed for use 

in older adults in Europe (35). In that same year a virosomal adjuvanted influenza vaccine 

was licensed for use in all age groups (36). Towards the end of the 20th century increased 

awareness of potential pandemic threats in a world with only limited production capacity 

for influenza vaccines made way for the development and licensing of new adjuvanted 

pandemic influenza vaccines (37). These were eventually used on a very large scale during 

the 2009/2010 pandemic, also in children (38). 

A variety of different formulations of adjuvanted influenza vaccines have been studied over 

the past decades (39). Several pre-pandemic, pandemic and seasonal adjuvanted influenza 

vaccines are licensed including aluminium adjuvanted, oil-in-water adjuvanted and virosomal 

adjuvanted vaccines (40, 41). It has been demonstrated that oil-in-water adjuvants can 

potentiate the immune response to influenza vaccine thereby reducing the amount of HA 

needed (40). Studies have also shown that the MF59 adjuvant induces a broader immune 

response providing protection against drifted strains, and increase the diversity and affinity 

of antibodies (39, 42, 43). No two adjuvants are the same, and the interaction between the 

virosomal antigens and adjuvants can be different for different antigens. Therefore safety 

and efficacy of each adjuvanted vaccine needs to be considered separately. An overview 

of adjuvanted influenza vaccines and recommended dosage for children aged 6 to 36 

months is given in Table 8.1. 
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In the present paper we review evidence from recent clinical trials of adjuvanted influenza 

vaccines versus non-adjuvanted influenza vaccines in the younger, unprimed, children (up to 

3 years old) in order to evaluate whether adjuvanted vaccines might be able to address the 

limitations of current inactivated non-adjuvanted inactivated split or subunit vaccines. Data 

on comparative immunogenicity, efficacy and safety will be brought together to form a 

picture whether adjuvanted vaccines form a safe and efficacious option for protecting the 

youngest children against influenza and which existing gaps would need to be addressed. 

We conducted a search of electronic databases (PubMed, EMBASE) in order to identify 

relevant studies comparing adjuvanted with non-adjuvanted influenza vaccines in infants and 

children. The medical subject heading terms ‘influenza vaccine’, ‘adjuvants, immunologic’ 

were combined. The search was limited to articles concerning infants and pre-school aged 

children up to 3 years of age. Publications up to November 2012 were included. Pertinent 

articles were retrieved and reference lists were scanned to identify any further publications. 

Furthermore, electronic public assessment reports (EPARs) on the website of the European 

Medicines Agency (EMA) were consulted for data on pandemic, pre-pandemic and seasonal 

inactivated adjuvanted influenza vaccines.  

Immunogen i c i ty  o f  ad juvan ted  v s  non -ad juvan ted  vacc i ne s   

The haemagglutination inhibition (HI) assay and virus neutralisation (VN) or 

microneutralisation (MN) assay are bioassays widely used to measure the immune response 

to the influenza virus or vaccine in the serum. A limitation of both assays is the large intra-

laboratory variability, which results from poor standardization (44, 45). Comparisons across 

studies are therefore not reliable, and only head-to-head comparative studies should be 

considered. 

Based upon findings from a challenge study in healthy adults with attenuated strains (46), a 

cut-off value of HI-titre ≥ 1:40 is commonly used as a predictor for 50% protection in adults 

and elderly. Although no HI based correlate for children has ever been defined, the cut-off 

of HI≥ 1:40 or HI≥ 1:32 is also widely used as a measure of seroprotection to express the 

immune response against influenza vaccination in children. A recent study in children however 

found that an HI titre ≥1:110 correlated to 50% protection in children aged 6 to 72 months, 

and that the cut-off of 1:40 correlated with a mere 22% protection (47). It has not been 

established whether these findings can be extrapolated to other situations, i.e. influenza 

seasons, virus strains and populations. A VN or MN based correlate for protection has not 

been validated. Due to above named limitations, measures of seroprotection or 

seroconversion can be misleading and are likely to hamper a proper assessment of the 

benefits of a vaccine in the youngest age groups. Rather, the focus should be on more 

qualitative comparisons of the immune response such as geometric mean titres and ratios 

(post-immunization compared to pre-immunisation). In any case, without standardization of 
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assays and the availability of a validated correlate of protection for children it is not 

possible to translate immunogenicity findings from different studies into actual effects on 

protection against infection or disease offered by the vaccine.  

A lum i n i um  ad j u van t ed  va c c i n e s  

Aluminium salts do not appear to potentiate the immune response to influenza antigens (40). 

In one study the addition of aluminium salts actually was found to decrease the immune 

response (48). In Hungary, an inactivated whole virus trivalent aluminium phosphate gel 

(ALPO4) adjuvanted influenza vaccine is licensed (49), of which also an H5N1 and an 

H1N1pdm09 variant exist (50, 51). No comparative immunogenicity, safety or efficacy 

data in young children could be found therefore it is not clear whether there is a benefit of 

ALPO4 compared to a whole virus vaccine. 

One safety and immunogenicity study with the whole virion H5N1 aluminium phosphate 

vaccine (6 µg + ALPO4) in 12 children aged 9 to 17 years was identified (41). As there 

was no non-adjuvanted comparator it is unclear what the added benefit of the aluminium 

adjuvant for this vaccine is. Only limited safety data in children < 36 months could be found 

(52). Nolan et al. report on the immunogenicity and safety of two formulations of aluminium 

phosphate adjuvanted H5N1 vaccines (two doses of 30 µg HA + ALPO4 per or 45µg HA + 

ALPO4 given 20 days apart) in children aged 6 months to 9 years (53). Here too no non-

adjuvanted control arm was included. Finally, one study was found in which aluminium 

adjuvanted whole virion influenza H5N1 vaccine was compared to non-adjuvanted influenza 

vaccine in children aged 6 months to 17 years (54). Children received two injections of 

vaccine containing either 30 µg HA + AL or 7.5 µg HA without adjuvant. Of the children in 

the 30 µg HA + Al vaccine arm, 79% achieved an HI titre ≥ 1:32, whilst 46% in the 7.5 µg 

HA arm achieved a titre ≥1:32. From a design perspective it is surprising that the HA 

content of the adjuvanted vaccine is higher than that of the non-adjuvanted comparator. The 

finding that the children who received 30 µg HA + AL adjuvant had higher immune 

responses than those receiving 7.5 µg HA cannot be attributed to the adjuvant as it could 

simply be a result of the higher HA content.  

V i ro some s  

Kanra et al. (2004) reported on an open label randomised controlled trial in which the 

safety and immune response to a virosomal adjuvanted vaccine and a non-adjuvanted split 

influenza vaccine were compared in 454 children aged 6 to 71 months (55). Those 

previously vaccinated were considered primed and received a single dose. Unprimed 

children received a second dose after four weeks. Children up to 36 months of age received 

a half dose. The immunogenicity was assessed with an HI assay prior to vaccination, and 4 

weeks after the last dose received. Although point estimates were higher for the virosomal 
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adjuvanted vaccine, differences were small and not statistically significant. No statistically 

significant difference between the adjuvanted and unadjuvanted vaccine in increase in 

GMTs was found. Seroconversion and seroprotection (percentage with HI ≥ 1:40) were also 

broadly similar between the two vaccines. A recently published study showed that a single 

adult dose (15µg) of virosomal adjuvanted influenza vaccine elicited a similar immune 

response as two half doses (7.5µg) given 4 weeks apart in children aged 6 to 36 months 

(56). 

Oi l - i n -wa t e r  ad j u van t ed  va c c i n e s  

AF03 

During the 2009/2010 H1N1 pandemic, an inactivated split virion H1N1pdm09 AF03 

adjuvanted vaccine was licensed in Europe. This vaccine was not used. A study in 401 

children aged 6 to 35 months looked at immunogenicity and safety of different dosages of 

this vaccine (57, 58). Children received either two doses of 1.9 μg HA + ½ AF03, 3.8 μg 

HA + ½ AF03, 3.8 μg HA + AF03 or 7.5 μg HA. The response following the first dose was 

modest, and improved with a second dose. Antibody titers were 5 to 7 times higher 

following adjuvanted vaccine compared to the non-adjuvanted vaccine. This also translated 

into better persistence of antibodies.  

AS03 

Two publications were identified that reported the immunogenicity and tolerability or safety 

of AS03 adjuvanted H1N1pdm09 vaccine (Pandemrix™) compared to a non-adjuvanted 

influenza vaccine (59, 60) in children aged 6 to 36 months.  

Langley et al. (2012) randomized 323 children aged 6 months to <9 years of age to 

receive two doses of non-adjuvanted influenza A(H1N1)pdm09 vaccine (15 µg or 7.5 µg 

HA) or AS03 adjuvanted influenza A(H1N1)pdm09 vaccine (3.75 µg HA/AS03A or 1.9 µg 

HA/AS03B), 21 days apart. The immune response was measured as HI antibody response 

and as MN response and evaluated according to European regulatory (CHMP) criteria. 

Overall, immune responses were improved with the adjuvanted vaccine compared to the 

non-adjuvanted vaccine. CHMP criteria were met for all vaccine groups expect the half dose 

unadjuvanted group, however this carries little meaning as explained above.  

In children aged 6 to 11 months antibody titres were 5 to 10 times higher with the 

adjuvanted compared to the non-adjuvanted vaccines following the first dose. A second 

dose further increased antibody titres in for all vaccine groups, resulting in titres 3 to 22 

times higher in the adjuvanted compared to the non-adjuvanted groups. In children aged 12 

to 35 months a similar pattern was seen, with higher responses in the adjuvanted vs the non-

adjuvanted vaccine groups. Notably, the response to the half-dose unadjuvanted vaccine 

was higher in this age group compared with younger children. After 6 months, antibody 
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levels remained higher for the adjuvanted vaccine groups compared to the non-adjuvanted 

vaccine groups. Note that as only a modest number of young children was included (5 to 25 

per vaccine group) there is limited power to detect differences and confidence intervals 

overlap. 

In the study by Waddington et al. (2010) the immunogenicity and safety of a two dose 

regimen of AS03 adjuvanted split virion H1N1pdm09 vaccine was compared to a whole 

virion cell culture-derived H1N1pdm09 vaccine (Celvapan, Baxter) in children aged 6 

months to 12 years. A single dose of the AS03 adjuvanted vaccine contained 1.9 µg HA 

whilst a single dose of the whole virion vaccine contained 7.5 µg. In all children the AS03 

adjuvanted vaccine elicited higher antibody titres than the whole virion vaccine. In children 

aged 6 to 36 months the GMT after a second dose of AS03 adjuvanted vaccine was 461.0 

compared to 44.0 for the whole virion vaccine. The fold rise in haemagglutination inhibition 

titre from baseline was also higher for the AS03 adjuvanted vaccine (107.4 vs 9.5). In line 

with the increase in GMTs, seroconversion rates were also consistently higher for the 

adjuvanted vaccine compared to the whole virion vaccine. Note that a whole virion is not 

comparable to a split or subunit vaccine. Whole virion vaccines not only contain surface 

proteins but also matrix proteins and genomic RNA. It has been suggested that whole virion 

vaccines have a “built-in adjuvant” through the remaining RNA in the vaccine (40). In an 

extension of this study the T-cell responses were evaluated 1 year after vaccination with the 

AS03 adjuvanted split virion and the non-adjuvanted whole virion H1N1pdm09 vaccines. An 

important observation in this study was that children who received an AS03 adjuvanted split 

virion H1N1pdm09 vaccine had higher T-cell responses to internal influenza antigens 1 year 

after vaccination compared to children who received a whole virion non-adjuvanted 

H1N1pdm09 vaccine (61). 

MF59 

A dose finding study by Block et al.. clearly demonstrated that MF59 enhances the immune 

response in children aged 6 to 36 months (62). In their study, 654 healthy children 6 to <36 

months of age were randomised to receive two half doses of MF59-adjuvanted vaccine 

(3.75µg HA + ½ MF59); two half doses of non-adjuvanted vaccine (7.5µg HA); two full 

doses with half the amount of MF59 adjuvant (7.5μg HA + ½ MF59) or two full doses of 

non-adjuvanted vaccine (15 µg HA). Antibody responses were measured by the HI assay. 

On day 22, 3 weeks after the first dose, seroprotection rate (HI titre ≥ 1:40) was 79% 

(95% CI: 71% –86%) and 86% (95% CI: 79%–91%) in half dose and full dose adjuvanted 

group. The response was lower for non-adjuvanted vaccines, 37% (95% CI: 29%–46%) and 

50% (95% CI: 41% – 59%) for the half and full dose respectively. Three weeks after the 

second dose the response increased to 100% (95% CI: 97% – 100%) in both adjuvanted 

groups and to 70% (95% CI: 61% – 78%) and 81% (95% CI: 74% – 88%) for the half 

and full dose non-adjuvanted group. The geometric mean ratio was also higher for both 
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adjuvanted vaccines. An important observation in this study was that after 6 months children 

immunized with the MF59-adjuvanted vaccine formulations had persisting antibodies, whilst 

this was not the case for children in the non-adjuvanted arms. 

An indication that MF59-adjuvanted influenza vaccine also enhances cross-reactivity comes 

from the study by Vesikari et al (2009) in which not only HI titres against vaccine strains 

were measured but also against mismatched strains (63). In their study they randomised 281 

unprimed children aged 6-36 months to receive either two doses of an MF59 adjuvanted 

inactivated split vaccine (7.5 µg HA per strain) or a non-adjuvanted inactivated split vaccine 

(7.5 µg HA per strain). After one year subjects received a repeat vaccination. Antibody 

titres were measured with the HI assay. GMTs and fold increase was significantly higher 

after MF59-adjuvanted vaccination compared to non-adjuvanted vaccination for all three 

vaccine strains. And although titres decreased over the following year, they remained 

significantly higher for the MF59 adjuvanted vaccine. The booster response was also 

stronger in those receiving the adjuvanted vaccine. When tested against mismatched strains, 

post vaccination titres and fold increase was significantly higher with the adjuvanted vaccine 

3 weeks after the second dose for all three strains (A/H1N1, A/H3N2 and B). In an 

extension to this study, 89 children were re-vaccinated in the following season. Children who 

had received an adjuvanted vaccine in the previous season had higher pre-vaccination HI 

antibody titres than those who received a non-adjuvanted vaccine. Three weeks after being 

revaccinated, the immune responses were significantly higher following the adjuvanted 

vaccine compared to the non-adjuvanted vaccine (64). 

E f f i cacy  o f  ad juvan ted  v s  non -ad juvan ted  vacc i ne s   

Only one single study was identified in which the efficacy of an adjuvanted influenza 

vaccine was compared to the efficacy of a non-adjuvanted influenza vaccine, and control 

vaccine, in young children. This large randomised controlled trial evaluated the protective 

efficacy of an MF59-adjuvanted seasonal influenza vaccine compared to that of a non-

adjuvanted seasonal influenza vaccine and a non-influenza vaccine control in unprimed 

children aged 6 to 72 months (65). The study was conducted over two seasons. In the first 

season 654 children were randomised to receive adjuvanted influenza, non-adjuvanted 

subunit influenza or control (meningococcal) vaccine in a 2:1:1 ratio. In the second season 

4,053 children were randomised to receive adjuvanted influenza, non-adjuvanted split 

influenza or control (meningococcal) vaccine in a 2:2:1 ratio. Efficacy was determined 

against influenza illness confirmed by reverse transcription polymerase-chain-reaction (RT-

PCR) assay. Children up to 36 months received two half doses, older children received full 

doses. In the first season there were insufficient cases of influenza to determine vaccine 

efficacy. In the second year the vaccine efficacy (VE) against all strains was 86% (95% CI: 

73% – 92%) for the MF59-adjuvanted vaccine. The VE for the non-adjuvanted split vaccine 
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was 40% (95% CI: 11% - 60%). For the subgroup aged 6 to 36 months this was 79% 

(95%CI: 55-90) vs 40% (95%CI:-6% - 66%) for the adjuvanted and non-adjuvanted 

vaccine respectively. Note that for children under two years of age there was no significant 

VE for the two half dose of non-adjuvanted vaccine (VE: 11%, 95%CI: -89% – 58%) whilst 

the VE for the adjuvanted vaccine remained relatively high at 77% (95% CI: 37% – 92%). 

The VE against matched strains was slightly higher.  

Although the publication states that the study was conducted according to Good Clinical 

Practice (GCP) guidelines, during an inspection it was found that the study was not compliant 

with GCP standards. Several critical issues are discussed in the CHMP withdrawal assessment 

report (66) pertaining to the validity and adequacy of the PCR used, but also the reliability 

of recorded adverse events and suspected influenza cases (67). In response, the authors re-

analysed all samples using validated methods, but also reanalysed the efficacy excluding 

one critical investigational site. This re-analysis yielded a higher VE for the adjuvanted 

vaccine and similar results concerning the exclusion of the questioned site. The authors 

pointed out that the VE for the non-adjuvanted vaccine is similar to those reported in the 

same age groups in published studies, providing external validation. In addition, serological 

findings from this study are in line with the efficacy findings. Nonetheless, as the GCP issues 

have not been resolved and there is no full insight into the extent to which the different issues 

affect the validity of the findings, uncertainty surrounding the findings of this trial will 

remain.  

Safe ty  o f  ad juvan ted  v s  non -ad juvan ted  vacc i ne s   

Da ta  f r om  c l i n i c a l  t r i a l s  

Clinical trials are useful for describing and comparing the reactogenicity of vaccine 

formulations, but are usually too small to detect and evaluate (rare) vaccine related adverse 

events as these are fortunately uncommon. This section therefore focusses on the comparative 

tolerability or reactogenicity of adjuvanted vs non-adjuvanted influenza vaccines. The 

collection and presentation of safety data varies between studies and publications. Although 

calls have been made to harmonize study protocols and the presentation of safety data in 

clinical study publications, this is not yet reality (68-70). Comparisons of safety between 

different types of vaccines should ideally come from head-to-head trials.  

Non-adjuvanted split and subunit influenza vaccines have a long track record of safe use, 

also in the youngest age groups. Accumulated evidence shows that these vaccines are well 

tolerated with only a small minority of children reporting mild transient systemic reactions 

including malaise, fever and myalgia. Systemic symptoms are most prominent in children 

younger than 36 months of age, possibly as these are unprimed to the viral antigens. Most 



A d j u v a n t e d  v s  n o n - a d j u v a n t e d  v a c c i n e s  i n  c h i l d r e n  | 161 

 

frequently reported adverse events include fever, rash, injection-site reactions and febrile 

seizures (71-76).  

Little can be concluded on the relative safety of aluminium-adjuvanted influenza vaccines 

compared to non-adjuvanted inactivated split or subunit vaccines in children <36 months of 

age. Results from head to head comparisons were not reported in the published studies (41, 

53), or the non-adjuvanted comparator vaccine had a different HA content (54). This 

prevents any conclusions regarding the added risk resulting from the addition of an 

aluminium adjuvant to influenza vaccines.  

Based upon available data from one clinical study in young children, the tolerability profile 

of the virosomal adjuvanted vaccines is quite similar compared to that of a non-adjuvanted 

split influenza vaccine. With regards to solicited adverse events, no difference between the 

two vaccines was found. The virosomal adjuvanted vaccine has a lower content of ovalbumin 

and is therefore expected to induce less allergic reactions (36). Although the vaccine has 

been safely administered to children with egg-allergy (77), large post-marketing safety 

studies would be needed to support such a claim. 

The overall picture for the oil-in-water adjuvanted vaccines is that there is an increase in 

reactogenicity compared to the non-adjuvanted vaccines. Although there are no head to 

head comparisons between the different types of adjuvanted influenza vaccines, there are 

clearly differences. For both AS03- as AF03-adjuvanted vaccines, fever appears to increase 

with the second dose. This was especially evident in a study with the AS03-adjuvanted 

H1N1pdm09 vaccine (78). Here, fever defined as a temperature ≥37.5°C was reported by 

20% of children aged 6 to 35 months following the first dose. Following the second dose 

67% reported a temperature ≥37.5°C. In a study with the AF03-adjuvanted H1N1pdm09 

vaccine, 8% of children aged 6 to 11 months reported fever (≥38.0°C) following the first 

dose. This increased to 33% following the second dose (58). This was not seen in children 

aged 12 to 35 months. For the MF59-adjuvanted vaccine there is an increase in local 

reactions, but no apparent increase in systemic reactions. In the largest randomised 

controlled trial by Vesikari et al. sufficient children were included to evaluate less frequent 

adverse events. Febrile convulsions were reported in five children (out of 993) who received 

non-adjuvanted split influenza vaccine and in five children (out of 1099) who received 

adjuvanted influenza vaccine, indicating no increased risk. 

Sa fe t y  o f  ad j u van t ed  i n f l u e nza  va c c i n e s  –  l e s s on s  l ea r n ed  du r i ng  
t h e  2009/2010  Pandem i c  

Both MF59 and AS03 adjuvanted influenza vaccines were used on a large scale during the 

2009/2010 H1N1 pandemic. Children belonged to one of the main target groups for 

vaccination, including children younger than 3 years. Considering that in Europe alone over 
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37 million people had been vaccinated by April 2010 (79), and for the countries which 

reported Pandemrix™ was used by 74% (38) – it can be assumed that the exposure to 

adjuvanted influenza vaccines in the youngest age group was substantial. An in depth 

review on the safety of influenza A(H1N1)pdm09 vaccines, including an evaluation of post 

marketing data for adjuvanted and non-adjuvanted vaccines, is presented elsewhere and is 

not the focus of the present article (70). Yet, when discussing the use of adjuvanted influenza 

vaccines in young children we think it is important to highlight the experience with 

adjuvanted influenza vaccines during the 2009/2010 H1N1 pandemic. 

As there was only limited safety data prior to the start of vaccination campaigns, especially 

in children, active monitoring of safety took place with focus on adverse events of special 

interest (AESI’s) including neuritis, convulsions, anaphylaxis, encephalitis, vasculitis, Guillain–

Barré syndrome (GBS), Bell’s palsy, demyelinating disorders, and laboratory-confirmed 

vaccination failure (79). Evaluations of background rates of these AESIs were performed in 

order to be able to use observed to expected analyses for rapid signal detection (80). 

Following the observed increased risk of GBS associated with swine flu vaccination in 1976 

in the US, studies were started around the world to prospectively evaluate the risk of GBS 

following vaccination (81-86). Largely, studies pointed out that there was no increased risk 

of AESIs following vaccination with adjuvanted influenza vaccines (79, 81, 82, 87-90). 

However, a cohort study in Sweden found a small increased risk of Bell’s Palsy, 

paraesthesia, and inflammatory bowel disease associated with AS03 adjuvanted influenza 

vaccine (91) and a small but significant increase in the risk of GBS was seen in Quebec, 

Canada following vaccination with AS03 adjuvanted influenza vaccine (86). 

In August 2010, a signal of narcolepsy associated with Pandemrix appeared in Sweden and 

Finland in children and adolescents aged 5 to 19. Epidemiological investigations have since 

then confirmed the signal (92-96), and more European countries have reported an increase 

in narcolepsy associated with the use of Pandemrix (97, 98). Two years further it remains 

unclear what the exact explanation is for the increased incidence of narcolepsy associated 

with Pandemrix and much work needs to be done before we can fully understand what 

happened. The absolute risk is small (about 1 in 20,000 vaccinations), yet considering the 

severity of the disease and the ages it affects a small risk can have a considerable impact. 

With suitable alternatives available the EMA restricted the use of Pandemrix in children in 

2011 (99). No association between MF59-adjuvanted influenza vaccines and narcolepsy 

has been seen (100) although absolute exposure of the affected age groups is expected to 

be lower than is the case for Pandemrix. Moreover, a study in China found no association 

with non-adjuvanted influenza vaccines but did find an association between onset of 

narcolepsy and infection with influenza A(H1N1)pdm09 virus (101). 
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D i s cu s s ion  

It has long been known that traditional split and subunit influenza vaccines do not perform 

well in younger, immunologically unprimed, children. This has been confirmed by few studies 

showing that the efficacy of non-adjuvanted split or subunit influenza vaccines in this group is 

limited (15, 16, 18, 65). Fortunately, so are the safety concerns. These vaccines have proven 

to be well tolerated with adverse events reported in a small minority. Several clinical trials 

comparing different adjuvanted influenza vaccines with non-adjuvanted influenza vaccines in 

young children years were identified. No strong evidence was found that either aluminium 

salts or virosomes significantly enhance the immune response in this age group. However, 

identified studies clearly demonstrated that oil-in-water adjuvants improve the immune 

response to influenza vaccines, leading to higher antibody titres when measured with either 

the HI or VN assay. Not only were titres greater directly after vaccination, antibodies 

persisted for longer and showed better response against heterologous or drifted strains. 

These are potentially important benefits for the youngest children, but also for other age 

groups as this could mean that annual revaccination against influenza would not be 

necessary. Yet, we do not know what an increase in the antibody response means in terms of 

protection against infection or disease as there is no validated correlate of protection. This 

uncertainty makes it difficult to weigh benefits against identified risks. For a proper benefit-

risk analysis studies evaluating the efficacy against relevant clinical outcomes are needed. 

Only one such study is known (65). 

In this study it was found that the increased immune response does translate into improved 

efficacy. The largest gain was for children younger than 24 months, where there was no 

apparent efficacy of the non-adjuvanted split vaccine (VE: 11%, 95%CI −89 to 58) whilst 

the efficacy of the MF59 adjuvanted vaccine, Fluad, remained high (VE: 77%, 95%CI 37 to 

92). This forms an indication that where non-adjuvanted vaccines are failing to adequately 

prime, adjuvanted vaccines do achieve this. However, as this study was not performed 

according to GCP guidelines some uncertainty on these findings remains. Clearly, much more 

work could be done on the evaluation of adjuvanted influenza vaccines and more large 

scale studies evaluating the efficacy against clinically relevant outcomes in immunologically 

naïve children would be welcomed. The finding that adjuvanted influenza vaccines confer 

some degree of cross-protection against drifted strains opens up the possibility of 

alternative vaccination approaches, i.e. annual re-vaccination might no longer be needed.  

The gains in immunogenicity and efficacy provided by the different oil-in-water adjuvants 

evaluated do come at a price. With the MF59-adjuvanted seasonal and pandemic vaccines 

this cost appears to be limited to a small increase in local reactogenicity compared to the 

non-adjuvanted vaccines. With the AS03 adjuvant an increase in febrile reactions is seen 

following the second dose in several clinical studies, and in 2009 this led to a warning from 
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EMA (102). A similar trend was seen in the limited data available for AF03 adjuvanted 

influenza A(H1N1)pdm09 vaccine, with an increase in febrile reactions in children aged 6 to 

12 months.  

For adjuvanted influenza vaccines ideally more work would be done to investigate the most 

optimal schedule and antigen/adjuvant balance. Especially where a second dose is 

associated with increases in febrile reactions, careful consideration of the need for a second 

dose with an adjuvanted vaccine would be needed. Although influenza infection in young 

children does lead to complications, hospitalisations, and even death, in most children the 

disease is self-limiting. Therefore the tolerability and safety of the vaccine should be 

optimal. The dose recommendations for the AS03 and AF03 adjuvanted pandemic influenza 

vaccines for children for example state that there is a further immune response to a second 

dose of 0.25 ml administered after an interval of three weeks, but that the use of a second 

dose should take the increased reactogenicity into consideration (103-105). This advice 

should be improved if these vaccines were to be used in the future. 

As highlighted earlier, there is some evidence indicating that two doses of unadjuvanted 

traditional split or subunit influenza vaccines could be effective in protecting young children 

against influenza (20-24). This underlines the necessity of proper evaluation of different 

dosing regimens for the traditional, non-adjuvanted, split or subunit influenza vaccines in 

unprimed children before disregarding these vaccines as an option for protecting young 

children. 

Unfortunately, dose finding trials are naturally limited to immunogenicity studies and it is not 

known what the gains of an increased antibody titre translate to in terms of protection 

against infection and disease. Thus the benefit of a full versus half dose or two versus one 

dose is not fully understood. Considering the shortcomings of current serological studies, we 

need to press for collaborative efforts to increase understanding into immune markers, their 

correlation to protection, and to overcome limitations of existing assays to measure these 

markers.  

The finding that the AS03-adjuvanted influenza A(H1N1)pdm09 vaccine was associated 

with an increase in the incidence in narcolepsy in children aged 5 to 19 has led to the 

restriction of its use in Europe. Although this influenza A(H1N1)pdm09 vaccine will unlikely 

be used in the future, the association between Pandemrix and narcolepsy has undoubtedly 

cast a shadow over the use and development of adjuvanted influenza vaccines in children. 

Narcolepsy is a serious debilitating chronic condition, and it is imperative that the role of 

Pandemrix as a potential trigger is fully investigated and understood. The epidemiological 

studies so far have probably led to more questions than answers, and investigations are 

expanding globally in order to gain more insight in countries that did use Pandemrix but did 

not have the same media coverage on the association with narcolepsy as was the case in 
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many European countries (106). Moreover, studies that can shed light on potential 

mechanisms are needed to start understanding how narcolepsy is triggered and what role 

Pandemrix could have played.  

It is clear that improved vaccines for young children are needed, and oil-in-water 

adjuvanted vaccines are an effective alternative which could address an urgent need in the 

youngest, immunological naïve children. The limited studies available point towards greatly 

improved immunogenicity, both quantitative as qualitative, but also improved efficacy. There 

is a cost in the tolerability which needs to be carefully considered for each vaccine 

separately when determining the optimal dosage and schedule. What should be underlined 

above all is that the uncertainties regarding rare but serious adverse events, such as the 

association between Pandemrix and narcolepsy, need to be addressed and fully 

investigated if we are to move forward with these vaccines for young children. Until we fully 

understand how these adjuvants work in children with immature, developing, immune systems 

basic research to increase our understanding is needed. At the same time, other options to 

increase the immune response and efficacy in young, unprimed, children including higher 

dosages of traditional inactivated split or subunit influenza vaccines and intradermal 

vaccination should be further considered as these could also form effective alternatives yet 

data to substantiate this is limited. 
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Abs t rac t  

In 2014 the European Committee for Human Medicinal Products (CHMP) published a draft 
regulatory guideline for the evaluation of influenza vaccines. Following a public consultation 
round, the final guidance will be published in the near future. Here we highlight the main 
changes in the clinical section this guideline, discuss the background to these changes and 
whether the new consolidated guidance document can be expected to achieve a better 
understanding of the performance of seasonal, zoonotic and pandemic influenza vaccines 
during the regulatory licensing process. 

The new influenza guideline reflects a changed approach to the regulatory assessment of 
influenza vaccines, resulting in the abolition of serological criteria, known as the CHMP 
criteria, which have been the mainstay for evaluating the influenza vaccine immunogenicity 
for several decades. The new guideline adopts a more diversified approach to the 
measurement and reporting of the immune response to influenza vaccines and sets a 
requirement to conduct clinical outcome trials in young children. Importantly, more emphasis 
is placed on the post licensure monitoring of the benefit-risk of influenza vaccines, including 
a request for continuous monitoring of efficacy and enhanced safety surveillance. 

Despite the improvements these new requirements will expectedly bring to the regulatory 
assessment of influenza vaccines, major challenges remain which cannot be overcome by new 
guidance alone. Ongoing initiatives in which academia, manufacturers, public health institutes 
and regulators work together to address these challenges are central to the development of 
robust tools to evaluate and monitor performance of influenza vaccines in the future. 
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I n t roduc t ion  

In 2014 the European Committee for Medicinal Products for Human Use (CHMP) published a 

draft regulatory guideline for the evaluation of influenza vaccines (1). This guideline is 

intended to update the multitude of guidance documents in Europe which cover quality, non-

clinical and clinical regulatory requirements for seasonal, zoonotic or pandemic vaccines into 

a consolidated guidance document for the development of new influenza vaccines. 

As outlined in a concept note published in 2011 (2) the use of influenza vaccines is in certain 

aspects based upon “long-standing practices rather than rigorous scientific appraisal”. The 

experience gained from the influenza A(H1N1)2009 pandemic brought into question the 

validity of several aspects of the existing regulatory guidelines. In particular the assessment 

of the immune response, which focuses on haemagglutination inhibition (HI) and single radial 

haemolysis (SRH) assays, was considered to be in need of revision (3). Furthermore, a lack of 

understanding of the effect of vaccination in certain subpopulations, such as young children, 

called for improvements to existing guidelines (3, 4). 

In this article we highlight the main changes in the clinical section of the new influenza 

guideline and their scientific background, and discuss whether this consolidated guidance 

document can be expected to achieve a better understanding of the performance of 

seasonal, zoonotic and pandemic influenza vaccines during the regulatory licensing process. 

We consider the evidence and current understanding surrounding the evaluation of the 

immune response, efficacy and safety of influenza vaccines and how the proposed guideline 

might improve the understanding on the effect of influenza vaccines in different 

subpopulations.  

E u ropean  Regu la to ry  F ramework   

In Europe influenza vaccines are either licensed on a Europe-wide scale where all Member 

States are involved, referred to as a ‘central procedure; via procedures in which selected 

Member States are involved, referred to as ‘decentralized procedures’ or ‘mutual 

recognition procedures’; or on a national level. Whilst this provides a diverse regulatory 

landscape, in general all Member States adhere to scientific and regulatory guidance as set 

out by the CHMP. The CHMP is the committee of the European Medicines Agency (EMA), 

responsible for preparing the Agency’s scientific opinion regarding the licensing of human 

medicinal products, including vaccines. Regulatory guidelines, such as the new influenza 

guideline, inform industry on the minimum requirements for licensing of new medicinal 

products. They reflect the information needed to determine the benefit-risk balance of a 

product, and to adequately describe the characteristics of the product to ensure safe and 

effective use. In the drafting of these guidelines the CHMP is supported by several expert 

groups, such as the Vaccine Working Party and the Biologics Working Party. The 
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Pharmacovigilance Risk Assessment Committee (PRAC) is the committee of the EMA 

responsible for the assessment and monitoring of safety issues that arise post licensure. 

The newly revised influenza guideline distinguishes three types of influenza vaccines: those 

aimed at protecting individuals against seasonal, annually recurring influenza; zoonotic 

vaccines that contain an influenza virus strain of animal origin and which were previously 

referred to as pre-pandemic vaccines; and pandemic influenza vaccines which are intended 

for use in a pandemic and which include pandemic preparedness vaccines, formerly referred 

to as pandemic mock-up vaccines. The revised guideline integrates recommendations for new 

influenza vaccines however it clearly indicates that it does not intend to cover novel 

constructs, for example vaccines targeted at epitopes other than those on the 

haemagglutinin stalk. 

Se ro log i ca l  co r re la te s  o f  p ro tec t ion :  mov ing  away f rom the  
ex i s t i ng  parad igm fo r  e s tab l i s h i ng  e f f i cacy  o f  i n f l uenza  
vacc i ne s .   

Traditionally, efficacy of inactivated influenza vaccines for regulatory assessment in Europe 

has been estimated through the determination of immunogenicity with serological assays. This 

assessment focused primarily on the HI assay for which seroprotection was defined as a cut 

off of HI≥1:40, or the SRH assay for which a zone area of 25 mm2 is defined as a 

protective threshold. These cut-offs stem from limited data from challenge studies conducted 

decades ago, demonstrating a relationship between HI titres and infection rates. These 

studies found that a pre-challenge serum HI titre of 18-36 (5) measured by HI assays or 42-

44 (6) measured by SRH assay correlated with 50% protection against infection. The 

serological response would be assessed by applying a set of criteria commonly referred to 

as the CHMP criteria (Table 9.1). For the annual variation of influenza strains in seasonal 

inactivated vaccines one or more of the CHMP criteria had to be met. For pandemic vaccines 

all three of the criteria had to be met. 

Table 9.1. European CHMP criteria for evaluation of influenza vaccine immunogenicity 

 Adults Older adults (>60 
years) 

GMT increase 2.5 2 

Seroconversion /significant increase* 40% 30% 

Seroprotection* 70% 60% 

* In HI tests seroconversion corresponds to: negative prevaccination serum (HI<1:10), postvaccination serum 
HI≥1:40; Prevaccination serum >1:10, significant increase: at least a fourfold increase in titre. Seroprotection 
corresponds to the % with serum HI≥1:40. Alternative criteria have been defined for the SRH assay. 
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There has been a growing recognition that relying on a single serological cut-off for 

determining the benefit of different influenza vaccines for different subgroups and different 

vaccine constructs is not the most informative approach (7) and that the appropriateness of 

the defined correlate of HI≥1:40 can be questioned (3, 8-10). 

Challenge studies on which the protective thresholds are based were performed in healthy 

adults with attenuated strains (5). However, influenza vaccines are not only intended to 

protect healthy adults but also to protect vulnerable children, older adults and adults with 

underlying comorbidities against consequences of natural infections with virulent influenza 

strains. Whether the correlates established in these challenge studies (5) can be transferred 

to these situations has not been established. For example, one study identified that in 

children an HI titre >1:110 would predict 50% of clinical protection and a titre of 1:330 

would predict 80% of protection (11). A second study could not consistently predict 

protection with HI titres in healthy adults (8) and in older adults it has been suggested that 

cell-mediated immunity (CMI) rather than humoral immunity would be associated with 

protection (12). Serological assays are not an appropriate measure for the assessment of 

immunity against live attenuated influenza vaccines (9). 

Nonetheless, for decades the regulatory assessment of vaccines has relied on these criteria 

and correlates of protection even though their suitability to the situations for which they have 

been applied has not been established. The use of these correlates has arguably resulted in 

a loss of opportunity to gain knowledge and understanding of the functioning of influenza 

vaccines. Moreover, presenting and communicating study results against these criteria may 

have led to a false sense of security from the impression that a vaccine will convey a level of 

protection in the target population, when in fact this has not been established. The abolishing 

of these criteria marks a major shift in regulatory thinking, and paves the way to a more 

evidence-based approach for the assessment of vaccine performance. 

A potentially more pressing problem arising from reliance on serological assays is the lack 

of standardization (13, 14). An international collaborative study which evaluated assay 

reproducibility for pandemic influenza H1N1 found the inter-laboratory variation in the HI 

and virus neutralization (VN) assay to be up to 6- and 7-fold respectively (15) whilst inter-

laboratory variation has been found up to 80-fold for HI assays and 109-fold for VN 

assays (16). This forms a clear impediment to reliance on these serological assays for the 

determination of efficacy. Comparisons of vaccine performance between different studies, 

including those performed in different seasons, cannot be made, limiting the accrual of 

understanding in the performance of different vaccines. 

In response to these issues the new guideline firstly requests a more diversified 

characterisation of the immune response and secondly the guideline no longer relies on 

serological assays with a predefined protective threshold to establish benefit.  
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Requ i remen t s  on  Immunogen i c i ty  

The guideline requests a more comprehensive package on the immunogenicity which includes 

- next to quantifying the HA antibody response - quantifying functional antibodies by 

determining neutralizing antibody titres with VN assays and assessing the CMI in a subset of 

trial participants, in particular in older adults. 

All these assays come with limitations. The VN assay is considered a suitable alternative to 

HA based assays (3), however the optimal protocol for this assay is yet to be identified.  

Although the assessment of CMI is regarded as an integral part of the characterisation of 

the immune response to influenza vaccination and should therefore be performed for every 

new vaccine (17),the difficulty is in deciding what to measure, when to measure and how to 

measure and it is here that the guideline lacks specificity. Here too, a clear correlation with 

protection has not been established and the interpretation of results will be challenging. As 

the scientific understanding of the mechanisms through which CMI conveys protection evolves 

so will the ability to set clear requirements and to determine what aspects of CMI can best 

be used to characterise the immune response and bring understanding to the level of 

protection that vaccines can elicit in different target groups. Until such time, regulators, 

manufacturers and scientists will need to maintain a dialogue to improve the characterisation 

of influenza vaccines. 

The guideline additionally states that the neuraminidase antibody (NA) response to 

vaccination should be determined where appropriate. NA has been found to play a role in 

the prevention of clinical disease whereas HA inhibits infection and viral replication (18-22). 

As, ultimately, influenza vaccination aims at preventing clinical disease, insight in the NA 

response for new influenza vaccines could be an important step in achieving a better 

characterisation of the clinical characteristics of influenza vaccines. However the amount of 

NA is not standardized in current influenza vaccines. Therefore, for these vaccines, it does 

not make sense to determine the NA response, however should be considered in the 

development of future influenza vaccines. 

The challenges regarding assay standardization apply to all these assays mentioned. 

Certain measures are proposed to minimize the impact, e.g. using a single centralized 

laboratory, employing validated assays and international standards where available, and 

using in-house controls and unified protocols. Although some of these may prove logistically 

challenging, the variability in assays necessitate these steps. It would be impossible for 

example to rely on different laboratories to analyses samples from a single study. Ongoing 

research and collaboration between public health institutes, regulators, manufacturers and 

academia focussing on the standardisation and development of assays can be expected to 

result in improved assays and assay reproducibility (23).  
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A consequence of abandoning the CHMP criteria is a change to the requirements in the 

presentation of immunogenicity data. Data from the SRH, HI and VN assays should be 

presented according to geometric mean titres (GMTs) and reverse cumulative distribution 

curves (RCDCs). In addition, seroconversion rates should be given. Since there is no set 

definition for seroconversion several definitions could be applied when presenting the data. 

GMTs are a summary measure which can be useful in comparing responses between two 

groups. The RCDCs will allow the visualization of the immune response across the population. 

These changes will allow for a more comprehensive assessment of the vaccine induced 

immune response than under the former guideline, which often resulted in the simple 

conclusion ´The CHMP criteria were met´. 

How to  e s tab l i s h  c l i n i ca l  e f f i cacy  i n  t he  pos t  CHMP c r i te r ia  
e ra?   

As stated earlier, serological data alone will no longer be sufficient to conclude whether a 

vaccine is protective in the target population. The new approach for seasonal and for 

zoonotic and pandemic vaccines is outlined below. 

Sea sona l  va c c i n e s  

For persons over 18 years of age, the proposed guideline states that efficacy of seasonal, 

non-adjuvanted inactivated vaccines can be determined either in a direct head to head 

comparison with a licensed vaccine with a similar construct for which there is “at least some 

data to support effectiveness”. If the immune response of the new vaccine is non-inferior it is 

thought reasonable to assume the protective efficacy would at least be comparable.  

For children younger than three years, there is inconsistent evidence on the efficacy and 

effectiveness of seasonal inactivated vaccines (24, 25). Efficacy in this age group cannot be 

assumed for existing vaccines and cannot therefore be deduced from comparative 

immunogenicity studies. Hence the proposed guideline requires applicants to conduct 

randomized controlled trials with clinical endpoints in order to conclude efficacy for children 

aged six months to three years. For children between the ages of three to six years, there is 

some evidence to support efficacy of inactivated influenza vaccines, albeit being moderate 

(24-26). Yet the proposed guideline states that as the proportion of children up to the age 

of approximately nine years who are immunologically primed is thought to be variable, 

efficacy can be deduced from demonstrating a non-inferior immune response to the 

youngest children for whom efficacy against clinical endpoints should have been 

demonstrated. For children over the age of nine the approach taken in the proposed 

guideline is similar to the approach in adults. 

Zoono t i c  va c c i n e s  and  pandem i c  va c c i n e s  
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Zoonotic and pandemic vaccines pose a regulatory challenge. Prior to licensure it is not 

possible to obtain efficacy data, and the clinical package will be limited to immunogenicity 

and safety data. Moreover, ethical considerations of testing vaccines in human subjects when 

there is no direct benefit to the recipient, as there is no immediate threat of a circulating 

virus, certainly have an impact on regulatory expectations. No firm requirements are set for 

children, it is merely stated that immunogenicity and safety data in this age group should be 

obtained “as far as may be possible”. 

Requ i remen t s  regard ing  annua l  changes  i n  seasona l  
i nac t i va ted  vacc i ne s  

For seasonal influenza vaccines the annual change in composition has always posed a unique 

challenge i.e. how to determine the impact of the change in viral strains on the clinical 

characteristics of the vaccine in a short timeframe between production and epidemic. There 

has been a substantial shift in the proposed guideline. Previously, the CHMP required 

manufacturers of inactivated influenza vaccines to conduct small clinical trials in 100 adults, 

including 50 subjects aged ≥60 years, to demonstrate that immunogenicity and 

reactogenicity was not affected by the strain change.  

These trials are not able to detect changes in the clinical characteristics of influenza vaccines 

(27). More importantly however, it is unlikely that a change in vaccine strains as a result of 

antigenic drift will affect the clinical characteristics of these vaccines to such a degree that 

the benefit risk balance is radically altered. Consequently, these trials are no longer 

required. The proposed guideline and an earlier published annex to this guideline (28) 

instead move towards closer monitoring of seasonal influenza vaccine performance. 

Mov ing  towards  s u s ta i nab le  mon i to r i ng  o f  vacc i ne  
per fo rmance  

E f f e c t i v e ne s s  

For all seasonal influenza vaccines licensed in Europe a Risk Management Plan (RMP) will be 

required which should include the monitoring of influenza vaccine effectiveness (IVE).  

From a regulatory perspective, the monitoring of IVE would fit into the life-cycle approach 

of medicines. It will inform the evolution of the benefit risk balance, allow the detection of 

potential issues with effectiveness, and provide data on the benefits to balance potential 

safety issues. In addition, once well-established, these routine studies could provide a 

platform to address questions surrounding the performance of new influenza vaccines that 

are difficult to address pre-licensure, and to measure product-specific effectiveness in a 

pandemic.  
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Observational studies into IVE are notoriously subject to bias (29) and the success of this 

measure will depend on the robustness of the study protocols and implementation thereof. 

Moreover, studies should ideally be capable of reporting effectiveness estimates in a timely 

manner and provide brand-specific estimates, potentially challenging the feasibility of this 

exercise. 

The proposed guideline builds upon experience already gained in the field through 

initiatives such as the European I-MOVE collaboration (30) and encourages manufacturers to 

tap into this experience and use existing networks. It refers to protocols developed by the 

European Centre for Disease Control (ECDC). These include (test negative) case control 

studies, cohort studies and screening studies. Influenza cases have to be laboratory 

confirmed via either RT-PCR or culture, although within the cohort design non-specific 

endpoints such as medically attended influenza like illness, all-cause deaths, intensive care 

admissions and hospitalisations for all respiratory conditions are considered endpoints of 

interest. When conducting a cohort study the guideline requires a nested (test-negative) 

case-control study to confirm the effectiveness against laboratory confirmed influenza, 

ensuring a specific measure of effectiveness is available. For details on most aspects the 

guideline refers back to the ECDC protocols.  

The measurement of IVE is a challenging undertaking and it should not be the expectation 

that requested studies will provide clear answers during the first few years. The landscape 

of vaccination in Europe is diverse, and although this diversity can be an advantage when 

evaluating vaccines it will prove a challenge when implementing IVE monitoring. Not only will 

the epidemiology differ between regions, vaccination policies vary between countries as 

does the uptake of vaccines and vaccines used. Moreover, vaccination registries are not 

operational in all countries and regions within the EU (31). Where they are in place it is not 

always possible to link these to outcome data such as electronic health care data. This will 

certainly limit the initial ability to conduct larger scale studies that could provide product-

specific estimates in selected target groups.  

It is important to realise that IVE is not only a consequence of the product used but of a 

range of determinants such as the vaccination programme and viral epidemiology which 

play an important role. Any estimates obtained will have to be placed within the context of 

the myriad determinants of IVE, many of which are poorly understood. This underlines the 

shared responsibilities between manufacturers, public health institutes and regulators in 

evaluating and assessing vaccine effectiveness.  

Sa fe t y   

The monitoring of safety is central to the monitoring of vaccine performance. In Europe, 

routine pharmacovigilance activities are currently the main source for the identification of 
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potentially serious but rare adverse events following influenza vaccination, and they rely 

heavily on passive reporting. This comes with limitations as it does not allow for estimation of 

the incidence of specific adverse events or the association with vaccination. Although the 

safety of inactivated influenza vaccines that have been used over recent decades is well 

characterized (26, 32, 33) there is always the possibility of serious adverse events occurring 

following manufacturing changes, contamination of batches, or through the introduction of 

new pandemic influenza strains. Moreover, the introduction of new influenza vaccines would 

necessitate intensive surveillance of their safety as clinical trials are insufficient to detect rare 

but serious adverse events.  

Whilst some European countries have the infrastructure in place to rapidly evaluate safety 

signals, this capacity is fragmented. Moreover, countries are often too small, or vaccine use 

too limited, to properly evaluate rare safety signals. As mentioned earlier, vaccination 

registries do not exist in all countries and regions of Europe, and it is not always possible to 

link vaccination data to outcome data (31). With an increasing need for rapid evaluation of 

safety signals in order to provide timely guidance to policy makers and address public 

concerns, there is a clear need to invest further in European systems to monitor and evaluate 

the safety of vaccines. 

The proposed guideline requires that the RMP includes plans for enhanced surveillance of 

vaccine safety, as detailed in an Annex to the guideline (28). The aim of this enhanced 

surveillance is to rapidly detect a significant increase in reactogenicity that would signal 

potential serious risks following annual strain changes. Adverse events of interest include 

typical local and systemic reactions to vaccination such as rash, injection site reactions, 

myalgia, fever, nausea and headache. In order to achieve this, defined cohorts of children 

and adults, including a minimum total of 500 persons - 100 per age stratum, should be 

followed after vaccination for the occurrence of several adverse events of interest. Rates of 

adverse events will have to be compared to rates in previous years. Alternatively, enhanced 

passive surveillance could be employed in which the reporting of adverse events is 

facilitated to obtain reporting rates which can function as a surrogate for the adverse events 

of interest. Furthermore, data mining of electronic health record data can be also employed. 

However such mining has the clear limitation of the near impossibility of gathering 

information on vaccine reactogenicity from electronic health care databases. 

Although the increased attention to the monitoring of influenza vaccine safety is welcomed, it 

is questionable whether the proposed enhanced surveillance is the most efficient means to 

achieve the goal; the rapid identification of safety signals and have the ability to 

thoroughly evaluate the association between the signal and vaccination. It would seem more 

sensible to further invest in the creation of vaccine registries in Europe, improve the 

registration of vaccination data in existing registries, facilitate the linkage of these registries 
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to electronic health care databases, limit the data lag for registries and databases and 

invest in the capacity to implement rapid signal detection and evaluation. Such an 

infrastructure would permit continuous monitoring and evaluating the safety of influenza 

vaccines, also after annual strain changes. It is unlikely that data on vaccine reactogenicity in 

500 persons will be predictive of any serious but rare adverse events and whether the 

studies will be able to discriminate relevant changes from year to year that could predict 

adverse events which could alter the BR balance of the vaccines. 

The 2014/2015 influenza season was the first season for which the enhanced surveillance 

should have been up and running and time will tell how suitable these studies are in 

detecting potential safety signals associated with the updating of influenza strains in 

seasonal vaccines. 

F i na l  con s idera t ion s  

Lessons learned during the influenza A(H1N1)2009 pandemic together with advances in the 

scientific understanding of influenza and the immune response to influenza viruses and 

vaccines have resulted in the revision of existing regulatory guidelines for the licensing of 

influenza vaccines in Europe. Following a public consultation round, it is expected that the 

final guidance will be published in the near future.  

The proposed guideline reflects a changed approach to the regulatory assessment of 

influenza vaccines. This has resulted in the abolition of the CHMP criteria, the introduction of 

more diversified requirements for measuring and reporting the immune response to influenza 

vaccines, and the requirement for all new influenza vaccines to conduct trials with clinical 

outcomes in children aged 6 to 36 months. Furthermore, immunogenicity data is no longer 

requested to support annual strain changes. Importantly, more emphasis is placed on the 

post licensure monitoring of the benefit risk of influenza vaccines, including a request for 

continuous monitoring of efficacy and enhanced safety surveillance.  

Presently several gaps remain in the understanding of the performance of seasonal 

influenza vaccines. It is expected that the changes made to the influenza guideline will 

improve the characterisation of clinical characteristics of new and existing influenza vaccines. 

The new requirements will certainly improve our knowledge on the functioning of influenza 

vaccines in children and can be expected to provide a better insight into the immune 

response overall. The move towards sustained monitoring of the benefits and risks of 

influenza vaccines underlines regulation does not stop at licensure, and will undoubtedly 

lead to more accurate data on the benefits and risks to address public concerns should these 

arise.  

Major challenges however remain, such as the absence of standardized serological assays 

and the absence of a correlate of protection to facilitate vaccine evaluation. Moreover, the 
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limited availability of an infrastructure in Europe which would allow timely and consistent 

evaluation of the effectiveness and safety of vaccines currently impedes adequate benefit 

risk monitoring of new influenza vaccines. New guidance cannot overcome these challenges, 

and regulators can merely encourage investment in improved methods.  

Manufacturers are responsible for their products, regulators guard those products, and 

public health institutes are responsible for the programmes in which the vaccines are used. 

Improving the evaluation of vaccines is therefore a shared responsibility between 

manufacturers, regulators and public health institutes – all of which are dependent on 

academia for scientific input. This recognition, in addition to the identified need for improved 

methods and collaboration for vaccine evaluation, has resulted in EU-wide collaboration 

between public health institutes, industry, regulators and academia which aims to improve 

the benefit risk monitoring of vaccines (34) and serological assays for evaluating influenza 

vaccines (23). Collaborative initiatives like these will ultimately result in improved vaccines a 

better understanding of their immunology and clinical performance, but also more robust 

tools to monitor performance of influenza vaccines in the future. 
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Chapter 10. General discussion 
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Genera l  D i s cu s s ion  

In September 2009 several pandemic influenza vaccines were approved by the Committee 

for Human Medicinal Products (CHMP) in Europe in response to the evolving 2009/2010 

influenza A(H1N1) pandemic. The vaccines were based on mock-up vaccines with an H5N1 

strain, for which limited immunogenicity and safety data had been available pre-licensure. 

Some supplementary immunogenicity and safety data was collected with the H1N1pdm09 

vaccines prior to licensing. Following the licensing, vaccination programmes were rapidly 

implemented across Europe and millions of people were vaccinated in relatively short time 

frame.  

Vaccination programmes were accompanied by extensive monitoring of safety in order to 

rapidly identify potential adverse events and establish the association with vaccination. 

Moreover, a range of post licensure studies were conducted in order to evaluate the 

benefits of the vaccines. The work described in this thesis was conducted in the wake of the 

2009/2010 H1N1 pandemic and consists of several studies that evaluate the benefits and 

risks of pandemic influenza vaccines used across Europe. The experience with the 

H1N1pdm09 vaccines is collated and lessons drawn to improve the monitoring of the 

benefits and risks of pandemic influenza vaccines. 

Benef i t s :  f i nd i ngs  and  methods  

‘Benefit evaluation is the measurement of the reduction in risk of morbidity and mortality from 

the infection in the vaccinated population. This is dependent on - amongst others - the efficacy 

of the vaccine used.’  

The first section of this thesis includes studies evaluating the benefits of Focetria, an MF59TM 

adjuvanted influenza A(H1N1)pdm09 vaccine (1). The main findings and considerations on 

the methods used are discussed here. 

Med i ca l l y  a t t e nded  i n f l u e nza  

Chapter 2 describes a cohort with a nested case-control designed to estimate the 

effectiveness of Focetria against medically attended influenza-like illness (ILI) and RT-PCR 

confirmed influenza in the at-risk population and persons over 60 in the Netherlands. The 

study was performed in the primary health care database, Integrated Primary Care 

Information (IPCI). The cohort included 121,446 patients with an average follow-up time of 

75.8 days per person. Prospectively collected data on a wide range of disease outcomes 

and drug use was available as well as information on health care seeking behaviour, 

enabling a thorough evaluation of potential confounding variables. Whilst generally the 

presence of co-morbidities are considered important confounders in influenza vaccine 

effectiveness (VE) studies, in this study the severity of co-morbidity as approximated by the 
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number of different pharmaceutical compounds that were used formed an important 

confounder. A possible explanation for this finding is that the study included risk groups and 

elderly therefore the majority had underlying medical conditions. The approximation used 

for determining severity of disease by number of different pharmaceutical compounds 

prescribed is a crude measure that should be further refined and validated for future 

influenza VE studies. In addition to severity of co-morbidities, it was found that health care 

seeking behaviour was a confounder.  

The specificity of medically attended ILI for influenza infection can vary with age and 

change during the influenza season. Therefore it is critical to include laboratory confirmed 

influenza infection as an endpoint in influenza VE studies to validate findings (2). Large 

primary health care databases, such as the IPCI database used for this study, do not 

systematically include information on laboratory confirmed endpoints as laboratory testing 

in patients presenting with flu symptoms is not routinely performed. As a result the most 

practical design for influenza VE studies are case-control studies which include persons 

presenting themselves at the primary health care level with flu symptoms and subsequently 

test for the presence of influenza virus. To overcome confounding by health care seeking 

behaviour, a test negative controlled design is now often deployed where those who test 

negative for influenza form the controls (3-6). This method has become the standard to 

determine influenza VE (7). 

The effectiveness of influenza vaccines is determined by a complex interplay of myriad 

factors which are not fully elucidated. Moreover, there is much interest in evaluating the 

performance of influenza vaccines in smaller subgroups, such as pregnant women and frail 

elderly, or by product. Case-control studies are limited by available funds for laboratory 

confirmation of samples (8) and, often, by the ability to obtain prospectively collected data 

on a wide range of health outcomes which could potentially confound the relation between 

vaccination and influenza related disease. The value of large cohort studies in primary 

health care databases which contain this information and have sufficient power to obtain 

reliable estimates of VE in smaller strata should therefore not be overlooked. The 

information in these databases can be linked to laboratory confirmed cases and test-

negative controls from a random selection of ILI cases through a nested case-control design. 

Chapter 2 illustrates that this approach is a feasible option to monitor VE of influenza 

vaccines in future. As vaccination in the Netherlands started around the peak of the 

pandemic (see figure 2.2) the study had insufficient power to fully test this principle. Overall 

a small non-significant protective effect of vaccination against medically attended ILI was 

detected: 20.8% (95%CI: -5.4% - 40.5%). Although the – uncontrolled - VE estimates 

against RT-PCR confirmed influenza and A(H1N1)pdm09 infection detected in the nested 

case-control study were substantially higher, 73.3% (95%CI: 4.8% - 92.5%) and 88% 
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(95%CI: 25% - 98%) respectively, numbers were small and estimates were unstable 

therefore no adjusted analysis were performed.  

Hosp i t a l i s a t i o n  

Influenza vaccines are not only used to prevent self-limiting influenza but are particularly 

employed to prevent the more severe outcomes in the at-risk population. Chapter 3 

considered the effectiveness of Focetria against hospitalisation with influenza 

A(H1N1)pdm09 in individuals with an indication for vaccination in the Netherlands. This 

study was enabled by the mandatory notification of influenza A(H1N1)pdm09 cases 

requiring hospitalisation in the Netherlands. The notification data supplied cases which were 

matched with controls selected from the cohort also described in chapter 2. 

This study illustrates the difficulties faced when conducting observational studies during a 

pandemic. As pandemics remain unpredictable and as available resources during pandemics 

are heavily stretched, routinely collected data is ideally used to provide estimates of VE 

against severe outcomes. The study described in chapter 3 shows that this is feasible 

however comes with limitations. Data regarding the notified hospitalised influenza 

A(H1N1)pdm09 cases was not collected for the purpose of evaluating VE. Consequently the 

quality of data on vaccination was imperfect. Information on vaccination was available for 

79% of cases. The exact date of vaccination was available for only 49% of vaccinated 

cases. This limitation was addressed by imputing the vaccination date in those with missing 

data through different approaches, which result in a range of VE estimates from <0% to 

74%. The more realistic scenario, where the vaccination status for persons for whom this was 

not known is based upon the cases which had perfect registration of vaccination resulted in a 

VE of 19% (95% CI: -28 – 49). Although not ideal, this approach provides an insight in the 

protection afforded by the vaccine against more severe outcomes. There were numerous 

breakthrough infections leading to hospitalisation in persons who were vaccinated (see 

figure 3.2) which suggest that a vaccine capable of protecting against influenza infection (9) 

might not be equally successful at protecting at-risk groups against severe outcomes. This 

study does underline the need to use the inter-pandemic period to improve systems for 

routine data collection so that it can be used to evaluate the performance of pandemic 

influenza vaccines in future pandemics. As health care providers are primarily concerned 

with providing the best care for patients and not less so with recording vaccination status, 

other systems to accurately record vaccination status should be considered. Ideally, linkage 

of such a database with accurate vaccination data to disease notification systems or other 

data-sources with outcome data would be possible on an individual level. 
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R i s k s :  f i nd i ngs  and  methods  

‘Risk evaluation comprises the identification of adverse events after vaccination, the 

determination of the association between vaccination and these events and the understanding of 

the mechanisms behind this association.’  

In the second section of this thesis the risks of the pandemic influenza vaccines are 

considered.  

Due to the uncertainties regarding the risks of the pandemic influenza A(H1N1)pdm09 

vaccines at the time of licensure, extensive monitoring of the safety of the vaccines was put 

in place through boosting of existing national and international passive surveillance systems 

(e.g. EudraVigilance, World Health Organization-Uppsala Monitoring Centre (WHO-UMC), 

U.S. Vaccine Adverse Events Reporting System (VAERS), Canadian Adverse Events Following 

Immunization Surveillance System (CAEFISS) and Immunization Monitoring Program ACTive 

(IMPACT) and the Australian Adverse Drug Reactions System (ADRS)) and through new 

active surveillance activities in the USA and European Union (10, 11). 

Chapter 4 brings together the evidence generated from pre-licensure clinical trials and from 

post-licensure monitoring programmes on the safety of the pandemic influenza vaccines used 

in children and adolescents during the 2009/2010 influenza A(H1N1) pandemic. 

Clinical studies were identified that evaluate a variety of pandemic influenza vaccines, 

including monovalent non-adjuvanted inactivated influenza A(H1N1)pdm09 vaccines, 

monovalent (MF59-, AS03-, and AL-) adjuvanted influenza A(H1N1)pdm09 vaccines live 

attenuated influenza A(H1N1)pdm09 vaccines and whole virion pandemic H1N1 vaccines. 

Studies included 10,505 children and adolescents, both healthy and with underlying medical 

conditions, between the ages of 6 months and 23 years. In addition, the safety monitoring 

efforts resulted in large amounts of data, with almost 13,000 individual case reports in 

children and adolescents to the WHO.  

Recommendations:  

1. The importance and value of cohort studies in primary health care as a tool to 

better understand the myriad factors predicting vaccine effectiveness and vaccine 

failure should not be overlooked. 

2. Not only should effectiveness of influenza vaccines against influenza be monitored 

but also against severe outcomes, including hospitalisations. 
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However, the diversity in methods and data presentation in clinical study publications and in 

publications of spontaneous reports hampered the analysis of safety of the different 

vaccines. As a result, relatively little has been learned on the comparative safety of these 

influenza A(H1N1)pdm09 vaccines – particularly in children. A collective effort needs to be 

made to give added value to the enormous work going into individual studies by adhering 

to available guidelines for the collection, analysis and presentation of vaccine safety data in 

clinical studies and to guidance for the clinical investigation of medicinal products in the 

paediatric population.  

In the months following the 2009/2010 influenza A (H1N1) pandemic two safety signals 

emerged: an increased incidence of Bell’s palsy was reported in persons who received an 

AS03 adjuvanted influenza A(H1N1)pdm09 vaccine, Pandemrix, in Sweden (12) and 

increased cases of narcolepsy were seen in children and adolescents following exposure to 

that same vaccine in Sweden and Finland (13, 14). Pandemrix (15) is an inactivated split 

virion AS03 adjuvanted H1N1pdm09 vaccine which was used in 38 countries worldwide 

during the 2009/2010 influenza A(H1N1) pandemic (16). In the European Union Pandemrix 

was the predominant vaccine used with over 30 million doses administered and very high 

coverage, especially in the Nordic countries (17). 

 

Be l l ’ s  pa l s y  

In chapter 5 the signal of Bell’s palsy following vaccination with Pandemrix in Sweden (12) is 

evaluated through a self-controlled case series (SCCS) study. The study was set in The Health 

Improvement Network (THIN) database, a UK based primary health care database. The aim 

was to determine whether there was an increased risk of Bell’s palsy following vaccination 

with any influenza vaccine containing A/California/7/2009 (H1N1)-like viral strains and 

whether risks would be different following pandemic influenza A(H1N1)pdm09 vaccines and 

seasonal influenza vaccines containing this influenza A(H1N1)pdm09 strain. 

The SCCS is a case centred method which uses only information from persons who developed 

an adverse event. The method estimates the relative incidence of an event in a pre-defined 

risk period after vaccination compared to pre-defined control periods. As the analysis is 

Recommendations:  

3. Investigators should make an increased effort to adhere to available guidelines for 

the collection, analysis and presentation of vaccine safety data in clinical trials in 

order to give added value to the enormous volume of work going into the individual 

vaccine safety studies. 
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within individual cases all fixed confounding variables, such as sex, are implicitly controlled 

for. The presence of time varying confounding variables, such as age, will need to be 

measured and, if necessary, controlled for (18, 19). There are three restrictive assumptions 

made by the SCCS method which need to be accounted for: 1) events are either recurrent 

and independent or unique and uncommon over the observation periods; 2) the occurrence 

of an event must not alter the probability of exposure and 3) the occurrence of an event 

must not alter the observation period (19).  

The relative incidence of Bell’s palsy from day 1 to day 42 after vaccination was 

determined for persons who received an influenza A(H1N1)pdm09 vaccine or for seasonal 

influenza vaccines for the 2010/2011, 2011/2012 and 2012/2013 periods, based upon 

the elevated risk during that period reported by Bardage et al (12). The day of 

vaccination,  was included as a separate risk period as an earlier study looking at the risk of 

Bell’s palsy after influenza vaccination found an increased risk of Bell’s palsy on the day of 

vaccination, most likely related to opportunistic recording of a diagnosis (20). Secondly, as 

vaccination may be delayed following an episode of Bell’s palsy – violating the second 

assumption for a SCCS – a 14 day period prior to vaccination was included as a separate 

risk period. Important time varying confounding variables identified in this study were 

episodes of acute respiratory infections and pregnancies. All analyses were adjusted for 

seasonality. 

This study provided no evidence for an increased incidence of Bell’s palsy following 

vaccination with influenza A(H1N1)pdm09 containing vaccines and did not confirm the signal 

identified by Bardage et al (12) in Sweden. Conversely, a significantly reduced RI for Bell’s 

palsy during the six weeks after vaccination was found. The relative incidence of Bell’s palsy 

during the 42 days after vaccination with any influenza A(H1N1)pdm09 containing vaccine 

was 0.77 (95% CI: 0.65 – 0.91).  

The SCCS was originally developed to evaluate adverse events following vaccination. As the 

design inherently controls for (unmeasured) fixed confounders it limits any bias that is 

normally present in observational vaccine studies due to differences between vaccinated 

and unvaccinated persons, such as underlying co-morbidities and differences health seeking 

behaviour – as long as these remain unchanged over the observation period. It is important 

to remain aware of time varying variables which could introduce bias.  

The SCCS is an efficient and relatively robust design which can be used to evaluate the 

association between relatively rare outcomes and vaccination. Importantly, sufficient 

observation time has to have been accumulated after exposure to be able to include 

adequate risk and control periods. This limits the usefulness of this study design for urgent 

situations. Moreover, the definition of a risk window requires some understanding of the 

mechanism underlying the association between vaccine and adverse event. However, when a 
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signal emerges it is expectedly unknown whether the adverse event in question is related to 

and triggered by vaccination. When evaluating a new safety signal, it is unlikely risk 

periods can be defined a-priori on more than an informed guess based upon likely 

mechanisms and hypothesised associations. An option would be to define multiple risk 

periods – which would be similar to using different mesh sizes when fishing as you are not 

certain what size fish you are after. This can be a valid and useful approach as long as the 

definition of a “significant finding” is adapted accordingly. 

Nar co l ep s y  

The most important safety issue that emerged in the wake of the 2009/2010 influenza 

A(H1N1) pandemic was undoubtedly the occurrence of narcolepsy in children and 

adolescents following exposure to Pandemrix. In August 2010 the first reports of a possible 

association between exposure to this vaccine and narcolepsy-cataplexy in children and 

adolescents emerged first in Sweden and later in Finland. This resulted in the recommended 

discontinuation of Pandemrix in these countries (21, 22). The European Medicines Agency 

(EMA) initiated a review procedure (23) which eventually led to the restriction of indication 

for Pandemrix (24). In Chapter 6 and 7 this signal was further evaluated.  

Chapter 6 is a multinational study looking into the incidence rates of narcolepsy diagnoses 

before, during and shortly after the 2009/2010 influenza A(H1N1) pandemic in different 

European countries with different vaccine use and coverage. 

Narcolepsy diagnosis rates were assessed through a retrospective cohort study for the 

period 2000-2010 using large linked automated health care databases in six countries: 

Denmark, Finland, Italy, the Netherlands, Sweden and the United Kingdom. Overall, 2608 

narcolepsy cases were identified in almost 280 million person years (PY) of follow up. The 

pooled incidence rate was 0.93 (95% CI: 0. 90-0.97) per 100,000 PY. In the age group 5-

19 years olds rates were increased after the start of pandemic vaccination compared to the 

period before the start of campaigns, with rate ratios (RR) of 1.9 (95% CI: 1.1-3.1) in 

Denmark, 6.4 (95% CI: 4.2-9.7) in Finland and 7.5 (95% CI: 5.2-10.7) in Sweden.  

Population based background rate data cannot provide evidence of a potential causal 

association between influenza A(H1N1)pdm09 vaccination and narcolepsy diagnosis. It can 

be used for a rapid assessment of public health impact on a population level. The signal 

reported in Finland and Sweden was also detected in the background rate data collected 

for this study. The mismatch of changes in age specific narcolepsy diagnosis rates with the 

underlying influenza A(H1N1)pdm09 vaccine coverage rates in certain age groups provides 

some indication that factors other than influenza A(H1N1)pdm09 vaccination may also be 

associated with increasing incidence rates of narcolepsy diagnosis. Thus, additional factors 
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that could explain an increase in incidence of diagnosis of narcolepsy should be considered 

for formal hypothesis testing. 

Since the narcolepsy signal emerged, eight epidemiological studies have tested the 

association between Pandemrix and clusters of narcolepsy cases (25-33). The outcomes of 

these studies vary: whilst most confirmed an association between Pandemrix and narcolepsy, 

the strength of the association ranges from 1.6 to 14.4. Moreover, whilst early studies 

detected an association in children and adolescents only (26, 27, 33, 34), later studies also 

detected associations in older persons (29, 32, 35, 36). The strength of the association found 

in certain studies and the consistent detection of an increased risk of narcolepsy after 

Pandemrix vaccination in different countries has given credence amongst public health 

officials, regulators and policy makers to the causality of the association (17, 37, 38). When 

relying on epidemiological studies for evaluating the association between a vaccine and a 

specific event, before concluding on causality, all possible explanations for the event should 

be considered (39). For the association between Pandemrix and narcolepsy alternative 

explanations deserve further exploration. 

Narcolepsy is a disorder that is inherently difficult to diagnose (40). Median delays from 

onset to diagnosis of 10 years are the norm (41, 42). Symptoms include excessive daytime 

sleepiness, disrupted nocturnal sleep, cataplexy and sleep paralysis (43). The presentation 

of symptoms can vary (44). Although cataplexy is specific to narcolepsy and relatively easy 

to recognise, the onset of cataplexy is delayed in approximately half of all diagnosed 

cases (45, 46).  This gradual development of symptoms makes it difficult to recognise and to 

accurately recall a date of onset. Due to the non-specificity of symptoms and the low 

prevalence of narcolepsy health care providers and patients may be unfamiliar with 

narcolepsy such that symptoms may initially be attributed to other conditions. Although 

symptoms of narcolepsy typically start in childhood and young adults, diagnosis for many 

does not occur until much later in life. The corollary being that narcolepsy begins much 

earlier than clinically recognized in most cases (44, 47). As a result, at any time a substantial 

proportion of cases are undiagnosed. Although the diagnosis is thought to have improved in 

the previous decade due to better understanding of the disease and discovery of the role of 

hypocretin (45, 48), a recent study found that the median delay between onset and 

diagnosis is still around 10 years (46).  

Epidemiological studies initiated rapidly after the signal emerged in Europe were forcibly 

observational and retrospective, had limited follow-up time and were conducted in an alert 

situation in which knowledge of the association increased. The under-diagnosis of narcolepsy 

– particularly in children – combined with these methodological limitations of association 

testing studies are likely to have introduced bias (49, 50).  

In chapter 7 the potential impact of two such biases is explored through simulations.  
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The first source of bias is a selection bias labelled ‘detection bias’. Suspicion of a potential 

association between narcolepsy and Pandemrix was already spreading amongst healthcare 

professionals in Finland from as early as February 2010 (51, 52) and was general 

knowledge after August 2010 when regulatory agencies published on the association which 

was picked up by the media (14, 53). Knowledge on the association with vaccination may 

have resulted in a reduction of the onset to diagnosis interval in vaccinated individuals, 

whereas this would not happen to the same extent in non-vaccinated subjects (27). The 

second source of bias is a form of recall bias labelled ‘differential exposure 

misclassification’, where the onset of symptoms is misattributed to vaccination resulting into 

misclassification of onset dates to after vaccination. Knowledge of a putative association 

between vaccination and a specific event could result in a patient placing symptom onset 

after vaccination (54). Moreover, using ‘diagnosis date’ or ‘date of first health-care contact’ 

as an index date could result in misclassification of exposure as the start date of a case is 

brought forward. If vaccinated persons seek healthcare earlier than unvaccinated persons 

this will similarly result in differential exposure misclassification. 

The simulations demonstrated that risk estimates can be inflated in the presence of these 

biases. They demonstrated that biased attribution of excessive daytime sleepiness onset to 

after vaccination (differential exposure misclassification) has a greater impact on risk 

estimates than a reduction in the onset-to-diagnosis interval (detection bias) both in the 

cohort and case-control designs. Moreover, the simultaneous presence of detection bias and 

differential exposure misclassification increases RRs more rapidly than could be expected by 

the effect size of each bias in isolation. 

Notably, without any bias present risk estimates were reduced in the cohort analysis whilst 

they were around one in the case-control analysis. Within the cohort analysis, with limited 

observation time, cases with an onset within the observation time will not all be diagnosed 

within the observation period and therefore not included as cases in the analysis. Exposed 

and unexposed person time within the cohort however remain constant. As a consequence, 

with no real risk present, a detected risk estimate is reduced.  

Finally, in the simulations, the case-control design appeared more robust to the influence of 

these biases than the cohort design. Whilst in this simulated scenario we were able to sample 

controls from the same population as the cases and to assess their exposure without error, 

avoiding the most problematic sources of bias in case-control studies, this is not possible in 

real-life situations. Therefore the trade-off between the potential bias introduced by control 

selection and the increased resilience against potential detection bias and differential 

exposure misclassification will need to be considered when considering study designs to 

evaluate vaccine safety signals. 
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Despite the limitations of these simulations – their overly simplistic portrayal of the 

complexities of the real world – they do illustrate that in the absence of a real association 

between the vaccine and narcolepsy, presence of detection bias and differential exposure 

misclassification could account for the elevated risks detected in different association studies.  

The sensitivity analyses performed by the different studies published insufficiently address 

the presence of these biases. Several studies limited their primary observation period for 

EDS onset to the period before media attention (27, 30) or included sensitivity analyses  

using such a reduced study period (34) in order to exclude detection bias. Additionally, 

studies used primary index dates that were thought to be less susceptible to such a bias 

including onset of symptoms (26, 31), first contact with health care (30, 34) or referral to 

specialist care (27, 32). The simulations described in chapter 7 suggest that limiting the 

analysis to subjects with an onset date prior to media attention will not eliminate the effect 

of detection bias, since all patients need to be diagnosed to be included, which is where the 

bias arises. When limiting cases to those with an EDS date before media attention, Nohynek 

et al. found that the RR increased from 11.4 to 12.7 (30) and O’Flanagan et al. found that 

the RR increased from 13.0 to 14.5 (33). Since only diagnosed subjects can be included as 

cases, detection bias will be unavoidable if the onset-to-diagnosis interval is shorter in 

vaccinated individuals.  

The only analysis which would exclude the presence of the detection bias is one that 

excludes all cases diagnosed after start of awareness on the association – however the 

power in this scenario will be too limited to provide interpretable results. Miller et al. did 

censor those diagnosed after media attention, suggesting that media attention in the UK did 

not start until July 2011, thereby retaining sufficient power for their analyses (31). However, 

professional awareness also in the UK is likely started much earlier and could similarly have 

resulted into a shortening of the onset to diagnosis interval in vaccinated persons.  

Five years after the original signal emerged the exact contribution of Pandemrix to the 

occurrence of clusters of narcolepsy cases in Europe remains unclear. The simulations 

illustrated that it is possible that the levels of increased risk observed were at least partially 

due to bias. So far, these biases have not yet been adequately addressed and therefore it 

is inappropriate to conclude on causality.  

To exclude the presence of differential exposure misclassification would require knowledge 

of the actual dates of symptom onset – impossible to obtain retrospectively – or an 

understanding of differential health seeking behaviour and ‘diagnosis risks’ between 

vaccinated and unvaccinated individuals.  

Potentially, patterns of narcolepsy diagnosis rates in vaccinated and unvaccinated 

individuals over time can help to detect the presence of these biases and maybe even help 
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in modelling their impact in specific situations. As also suggested by Miller et al., long term 

follow-up of vaccinated cohorts will be important to clarify the risk of narcolepsy associated 

with Pandemrix (31). 

It is not unthinkable that a similar scenario could unfold in future, i.e. a signal emerges 

following a mass vaccination campaign in which a difficult to diagnose condition with a 

delayed onset is linked to exposure to a new vaccine. The simulations have shed some light 

on how study design can be improved to deal with biases in these situations.  

In future analyses of safety signals for diseases with long latency periods for which 

observation times are limited the effect of limited case capture together with fixed person-

time denominators should be recognized, as should the changes in exposed and unexposed 

person-time denominators with changing vaccination coverage. Chapter 7 illustrates that the 

case-control design provides less biased estimates in these circumstances as it does not 

require the calculation of person-time. Finally, the simulations described in chapter 7 

illustrate the importance of not only measuring background rates of adverse events of 

special interest but also having insight in the background onset-to-diagnosis interval. 

A  ba lanc i ng  ac t :  f i na l  con s idera t ion s  and  fu t u re  
per spec t i ve s .  

The studies described in this thesis are a fraction of the enormous volume of work that was 

conducted to shed light on the performance of the different pandemic influenza 

A(H1N1)pdm09 vaccines. This experience gained during the 2009/2010 influenza A(H1N1) 

pandemic has helped to improve the regulation of influenza vaccines in Europe where a 

move is made towards more evidence based regulation. As discussed in chapter 9, existing 

approaches for establishing efficacy of influenza vaccines are abandoned in favour of a 

more diversified and evidence-based approach prior to licensing and an increased focus on 

the monitoring of the benefits and risks post licensure. These changes are expected to result 

in an improved understanding of the performance of new influenza vaccines and a better 

quality of evidence to inform decision making on the use of these vaccines. However, as also 

highlighted in chapter 9, for pandemic influenza vaccines the pre-licensure requirements are 

limited by the feasibility of obtaining data on efficacy and data on the safety and immune 

response in specific risk groups such as children and pregnant women. Although there might 

Recommendations:  

4. Population cohorts should be followed over several years to monitor patterns of 

narcolepsy diagnosis rates and elucidate the attributable risk of narcolepsy 

associated with Pandemrix.  
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be a clear wish – and arguably a clear need - to obtain this data, there are ethical concerns 

around conducting randomised controlled trials in children evaluating a vaccine for which 

there is no measurable threat, thus no clear benefit. Efficacy data cannot be obtained until a 

pandemic influenza strain is circulating. New, unexpected, adverse events can occur with 

every mass vaccination campaign. Therefore in a next pandemic again we will have to rely 

on existing systems to monitor the safety and effectiveness of the pandemic influenza 

vaccines. The greatest legacy of the 2009/2010 influenza A(H1N1) pandemic has 

undeniably been the collaboration in Europe to monitor of the effectiveness and safety of 

the pandemic influenza vaccines. European collaborative initiatives such as I-MOVE (55-57), 

of which chapter 2 was a part, and VAESCO (27, 58-60), of which chapter 6 was a part, 

delivered important contributions to the understanding of the benefits and risks of the 

pandemic influenza A(H1N1)pdm09 vaccines used in Europe.  

Imp rov i ng  bene f i t  r i s k  mon i t o r i ng  i n f r a s t r u c t u r e  i n  E u rope  

The initiatives mentioned in the paragraph above have brought the beginnings of a lasting 

infrastructure in Europe to monitor the performance of vaccines. Despite this success, five 

years on we are still faced with limited availability of an infrastructure in Europe for timely 

and consistent evaluation of the effectiveness and safety of new pandemic influenza 

vaccines.  

Vaccination registries are not operational in all countries and regions within Europe (61). 

Where they are in place it is not always possible to link these to outcome data such as 

electronic health care data. For example, in the Netherlands information on childhood 

vaccination is collected in a registration system named Praeventis [www.rivm.nl] whilst 

influenza vaccination is provided by and recorded by GPs and health outcomes are 

recorded in a variety of databases. The different sources of data are not easily linked on 

an individual basis. These systems can therefore be helpful in identifying a signal, however 

evaluating an existing signal will be more challenging. As highlighted in chapter 3, efforts 

should be made during the inter-pandemic period to improve the prospective collection of 

information on vaccine exposure that can be linked to health outcomes on an individual level. 

Some countries and regions in Europe do have linked databases available for the benefit 

risk monitoring of influenza vaccines, however, underlying populations are often too small to 

rapidly evaluate safety signals of rare adverse events. Moreover, it is not good practice to 

confirm a signal in the same population in which it was identified. Therefore, even these 

countries will benefit from improved systems across the whole of Europe. Finally, although 

the VAESCO project did pave the way, at present there is no common infrastructure that will 

allow the systematic evaluation of vaccines across Europe, applying a single methodology, 

standardized collection of information on population, outcomes and exposures and a 

standardized analysis and reporting of findings.  
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The diversity in Europe in healthcare provision, vaccination policies, vaccines used, influenza 

epidemiology, and recording of vaccination and health outcomes provides enormous 

challenges in the development of such an infrastructure and ultimately to the monitoring of 

the benefits and risks of vaccines and vaccination. This diversity also provides a unique 

opportunity for the monitoring of vaccines. Comparisons between countries in which different 

vaccines are used, different target groups are vaccinated, or different vaccine coverage is 

achieved can help to understand associations as demonstrated in chapter 6. For this to be 

successful however the underlying reasons for the diversity do need to be well understood.  

To add complexity to this situation multiple stakeholders are involved in the benefit risk 

monitoring. Manufacturers, or marketing authorisation holders, are responsible for their 

products, regulators guard these products, and public health institutes are responsible for the 

programmes in which the vaccines are used. Undoubtedly these different groups will have 

different perspectives on the relevance of different health outcomes, the impact of 

vaccination and the importance of identified risks. Furthermore, healthcare professionals who 

administer vaccines and the public whom the vaccines are intended to protect will also have 

important perspectives on the benefits of vaccination and the importance of risks. To improve 

the benefit risk monitoring process and communication surrounding the benefit risk of 

vaccines, an understanding of the different perspectives of these stakeholders is essential. 

Initiatives such as the ADVANCE project (62) have been started to further study methods and 

enhance collaboration to improve benefit risk monitoring of vaccines in Europe. However, 

ultimately these are research projects with a finite life and although they provide an 

urgently needed service they do not substitute for permanent institutions and infrastructure. 

They cannot address the big elephant in the room: who is ultimately responsible for the 

development, running and maintenance of a vaccine monitoring infrastructure. Who will 

finance such an infrastructure, who will ‘own’ the data and who can decide when and how to 

evaluate the benefit risk of a certain vaccine, i.e. push the analysis button? Whilst research 

projects are ongoing, and to some degree are starting these discussions, European 

regulators, public health institutes and health policy makers need to come together to start 

addressing and owning these issues. 

Finally, it is not possible to predict when and how a future pandemic will evolve. And 

although we might now have considerable experience to inform the safety profile of the 

existing influenza vaccines, with a new pandemic virus and a new mass-vaccination 

programme we need to be prepared for the occurrence of new safety signals. The 

experience of narcolepsy has taught us that it is very helpful to have a good understanding 

of the epidemiology of potential adverse events in Europe. Although impossible to pinpoint 

what adverse events will be of interest, considering the experience of influenza and 

(adjuvanted) influenza vaccines focus should be on neurological events and disorders with a 
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potential auto-immune aetiology. The inter-pandemic period should be used to collect data 

on diagnosis rates in different age groups, populations, countries and improve the 

understanding of differences between European countries in recording and diagnosing these 

conditions.  

 

Ad j uvan t ed  va c c i n e s  

The 2009/2010 influenza A(H1N1) pandemic was the first time that adjuvanted influenza 

vaccines were used in such a large and diverse population.  When discussing the benefits 

and risks of pandemic influenza vaccines in Europe, the usefulness and safety of adjuvants in 

these vaccines cannot be ignored.  

Adjuvanted influenza vaccines are far from new, nor are the discussions surrounding their 

safety. In a manuscript on the future of influenza vaccines published in 1969, Stuart-Harris 

(63) provided the following reflection on adjuvanted influenza vaccines: 

“It is quite obvious that so long as there is any question of using inactivated whole influenza 

vaccine or a split product subcutaneously, methods of enhancing the antibody response are still 

much to be desired. […] 

The history of the use of drugs in man indicates the great need for caution before risks are 

dismissed as negligible. Until a fuller understanding of the mechanism of adjuvant action has 

been obtained, it is clear that unusual and unwanted effects may continue to occur whatever the 

materials which are used. However, adjuvant vaccines seem certain to have a future in 

programmes of human immunization and further basic research work is necessary.” 

Recommendations: 

5. The inter-pandemic period should be used to develop and improve systems for 

monitoring effectiveness and safety in Europe. 

6. The recording of influenza vaccination in the Netherlands should be improved and 

methods developed to link this information to databases with health outcomes and 

prospectively collected information on potential confounding variables. 

7. Diagnosis rates of rare but serious conditions that are either neurological in nature 

or have a potential autoimmune aetiology should be collected. An understanding in 

differences between countries in recording and diagnosing of these conditions 

should be gained, as well as insight in the onset to diagnosis interval for these 

events of special interest.  



204 | C h a p t e r  1 0  

These words could have just as easily been written today. The adjuvants used now are 

different, however the challenges in influenza vaccination and uncertainties surrounding the 

safety of adjuvanted vaccines remain.  

There is a need for improved (pandemic) influenza vaccines. In a pandemic situation, 

theoretically and simplistically put, the population will be unprimed by the new virus and 

therefore the pandemic influenza vaccine will have to be successful in priming risk groups. 

Evidence points out that inactivated split or subunit vaccines have a limited ability to 

successfully do this when natural priming by influenza virus is absent (64, 65) (also see 

chapter 8). Although live attenuated influenza vaccines form an alternative, these are not 

licensed in young children due to an increased risk of wheezing leading to hospitalisation in 

children under the age of two years (66-69). Secondly, the manufacturing capacity for 

influenza vaccines worldwide is limited and vaccines that spare the amount of antigen are 

therefore needed to ensure improved access to vaccines during a pandemic (70). For these 

reasons adjuvanted influenza vaccines will undoubtedly play a role in a future pandemic. As 

described in chapter 8 oil-in-water adjuvanted vaccines exhibit improved immunogenicity, 

both quantitative as qualitative, translating into improved efficacy and resulting in less 

antigen use. The reactogenicity to these vaccines is however also increased and this will need 

to be carefully considered for each vaccine separately when determining the optimal 

dosage and vaccination schedule. What should be underlined above all is that the 

uncertainties regarding rare but serious adverse events, such as the association between 

Pandemrix and narcolepsy, need to be addressed and fully investigated if we are to move 

forward with these vaccines  - especially for the target group in which there is a most urgent 

need for improved influenza vaccines: young children. Until we fully understand how these 

adjuvants work, in particular in children with immature, developing, immune systems, basic 

research to increase our understanding is needed. This fundamental research should however 

acknowledge the uncertainties that exist surrounding the association between Pandemrix and 

narcolepsy.  

Possibilities to evaluate signals are mostly limited to observational studies. Unless a 

biological mechanism for the observed adverse event is known, these studies involve a great 

deal of guess work on risk windows, potential confounding factors and alternative 

explanations for an observed association.  Moreover, the subjective nature of inference from 

observational data is not always evident and it is up to investigators to clearly communicate 

the limitations of their studies and the potential consequences of these limitations. As a result, 

wrong conclusions could easily be drawn from observational studies. These wrong conclusions 

could potentially have disastrous consequences, either by exposing people to undue safety 

risks through continued vaccination or through a loss in confidence in vaccination which could 

lead to a drop in vaccination coverage and renewed outbreaks of infectious diseases. Once 

communicated these messages will be difficult to change.  
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Considering the potential impact of decisions regarding the safety of a vaccine, or 

conclusions on causality between a vaccine and an adverse event, the evidence underlying 

these decisions should be strong, obtained using rigorous methods, and be robust and valid. 

This will always remain challenging in an alert situation as was the case with Pandemrix and 

narcolepsy. Whilst regulators should continue to be critical towards the evidence obtained 

and continue to strive to obtain robust evidence, they will need to act even if faced with 

these uncertainties and limitations. In these situations, it will be helpful to evaluate the 

potential impact of uncertainties or speculated biases. Secondly, when communicating on 

regulatory actions in response to safety signals existing uncertainties and their potential 

impact should be clearly communicated.   

Narcolepsy is a debilitating chronic condition resulting in life long disability, affecting school 

performance and the ability to function in society. There is no known cure. Understanding the 

exact role that Pandemrix may have played in the surge of narcolepsy diagnoses seen in 

several European countries is crucial for those affected.  

 

Conc l ud i ng  r emark s  

Vaccination is one of the most beneficial public health interventions, having led to the 

eradication of diseases worldwide (71), and provides an efficient way to protect 

populations during pandemics (72). Vaccination however can adversely affect those who are 

vaccinated and severe and serious adverse reactions to vaccination do occur. As these 

reactions are usually rare, they are difficult to predict and study. Yet, accurate assessment 

of potential associations between adverse events and vaccination is crucial to ensure the 

safety of vaccination and to maintain public confidence in vaccination programs. Loss of 

public confidence in vaccination can result in outbreaks of infectious disease (73, 74) whilst 

allowing continued exposure of individuals to a vaccine that can trigger severe disease is 

Recommendations: 

8. As adjuvanted vaccines are indispensable for future vaccination programmes further 

research work is necessary to better understand their mechanism of action and the 

relationship with the occurrence of auto-immune disease. 

9. If regulatory action is considered necessary without the presence of strong and 

robust evidence on identified risks, the potential impact of uncertainties and 

speculated biases should be evaluated. 

10. When communicating on regulatory actions in response to safety signals existing 

uncertainties and their potential impact should be clearly communicated  
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unacceptable (75). This is the challenge that benefit risk assessment needs to address : 

providing accurate data to clearly communicate the benefits and the risks of vaccination on 

which to base regulatory decisions, to inform those responsible for the design and 

implementation of vaccination programmes, to inform health policy makers on the potential 

need for additional preventative actions, to inform health professionals and arguably most 

importantly to inform the public. This communication should clearly and transparently identify 

not only the known benefits and risks but also the uncertainties and why, despite the 

uncertainties and known risks, the decision makers – be it regulators or public health officials 

– deem the benefit risk balance to be positive. 
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Samenvatting in het 
Nederlands 

 
De baten  en  r i s i co ’ s  van  pandemi s che  gr iep  vacc i n s  
 

In 2009 werd de wereld geconfronteerd met de eerste pandemie van de 21ste 

eeuw. In een rap tempo werden er vaccins ontwikkeld en geregistreerd door de 

verschillende regulatoire autoriteiten. Voor deze vaccins gold dat er een zekere 

mate van onzekerheid was betreffende de baten en de risico’s – de werkzaamheid 

was afgeleid van de immune response en de veiligheid was bepaald in klinische 

studies met gezonde vrijwilligers, voornamelijk volwassenen. Om deze onzekerheden 

te adresseren, werd de doeltreffendheid van vaccinatie opgevolgd in verschillende 

studies, en werd de veiligheid van vaccinatie nauwlettend gevolgd terwijl de 

vaccinatie programma’s werden uitgerold. Dit proefschrift bespreekt verschillende 

studies die zowel de doeltreffendheid, of te wel de baten, als de risico’s evalueren.  

Hoofdstuk 1 geeft een algemene inleiding in pandemische griep en griepvaccins, de 

registratie van pandemische griepvaccins en de uitdagingen hierin. Het hoofdstuk 

wordt afgesloten met een kort overzicht van de verschillende hoofdstukken in het 

proefschrift. 

De eerste sectie van dit proefschrift omvat studies die de baten van pandemische 

griepvaccinaties evalueren.  

Hoofdstuk 2 betreft een studie van de doeltreffendheid van vaccinatie met een 

MF59tTM geadjuveerd influenza A(H1N1)pdm09 vaccin welk in Nederland was 

gebruikt om risico groepen en ouderen te beschermen tegen de gevolgen van de 

pandemische griep. De bescherming tegen zowel griep achtige ziekte als tegen 

laboratorium bevestigde influenza A(H1N1)pdm infectie werd bepaald door middel 

van een cohort studie (griep achtige ziekte) en een daarin in genest patiënt-controle 

studie (influenza A(H1N1)pdm infectie). De cohort studie omvatte 121.446 patiënten 

die in aanmerking kwamen voor het pandemische griep vaccin gegeven via de 

huisarts. Voor de genest patiënt-controle studie werden 41 huisartsen praktijken 

uitgerust met keel en neuswatten. Indien een patiënt met griepachtige ziekte 

verschijnselen zich zou melden bij een van deze praktijken, die meededen in het 

patiënt controle onderzoek, werd bij deze patiënt een neus en keel wat afgenomen. 

De afgenomen keel en neuswatten werden opgestuurd naar het virologisch 
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laboratorium van het Erasmus MC. Hier werd bepaald of de desbetreffende patiënt 

geïnfecteerd was met een griep virus en, zo ja, of dit het influenza A(H1N1)pdm 

virus betrof.  

De doeltreffendheid van vaccinatie in het voorkomen van griepachtige ziekte binnen 

de cohort studie was 17.3% (95%CI: -8.5% - 36.9%). Zowel de ernst van 

onderliggend lijden als zorg zoekend gedrag bleken de relatie tussen vaccinatie en 

het voorkomen van griepachtige ziekte te vertekenen. Na het corrigeren voor deze 

twee variabelen bleek de doeltreffendheid van vaccinatie 20.8% (95%CI: -5.4% - 

40.5%). De doeltreffendheid was het hoogst in volwassenen tot 50 jaar (59%, 

95%CI: 23% - 78%). Doordat vaccinatie relatief laat gedurende de pandemie op 

weg kwam werden er slechts 45 keel en neuswatten ontvangen. Hiervan waren er 

negen positief voor influenza virus. De doeltreffendheid van vaccinatie in het 

voorkomen van RT-PCR bevestigde influenza infectie was 73.3% (95%CI: 4.8% - 

92.5%). De doeltreffendheid tegen RT-PCR bevestigde influenza A(H1N1)pdm09 

infectie was 88% (95%CI: 25% - 98%). Gezien het laag aantal patiënten waarop 

deze schattingen zijn gebaseerd worden ze weinig robuust geacht. Daarnaast, door 

het lage aantal patiënten in het patiënt controle onderzoek kon er geen correctie 

voor confounders plaatsvinden. Deze studie heeft wel uitgewezen dat een cohort 

studie met daarin genest een patiënt controle studie een haalbare en mogelijk 

bruikbaar alternatief ontwerp is voor toekomstige onderzoeken naar de 

doeltreffendheid van influenza vaccins. 

In hoofdstuk 3 wordt een studie beschreven die de doeltreffendheid van het 

MF59tTM geadjuveerd influenza A(H1N1)pdm09 vaccin in het voorkomen van 

hospitalisatie met laboratorium bevestigde influenza A(H1N1)pdm09 infectie 

bepaald. Patiënten die gedurende de pandemie met laboratorium bevestigde 

influenza A(H1N1)pdm09 infectie opgenomen waren in een ziekenhuis werden 

genotificeerd en, de geanonimiseerde gegevens, opgenomen in de OSIRIS 

database. Van deze gehospitaliseerde patiënten kwamen 149 in aanmerkingen 

voor een pandemisch griep vaccin. Deze werden vervolgens gematched op leeftijd, 

geslacht en onderliggend lijden aan 28.238 personen uit de in hoofdstuk 2 

beschreven cohort studie. Met conditionele logistische regressie werd de 

doeltreffendheid van vaccinatie geschat. Daarnaast werden er verschillende 

sensitiviteitsanalyses uitgevoerd waarbij de invloed van de ernst van het 

onderliggend lijden werd geëvalueerd en daarnaast bekeken werd wat de invloed 

van verschillende aannames betreffende missende vaccinatie gegevens was. Van 

46% (n=68) van de gehospitaliseerde patiënten was het bekend dat zij tenminste 

een vaccinatie hadden ontvangen. Hiervan was de exacte datum van vaccinatie 
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slechts bekend voor 49% (n=33). De patiënten voor wie de datum van vaccinatie 

bekend waren wat betreft patiënt karakteristieken vergelijkbaar met de patiënten 

voor wie dit niet bekend was. Er werd aangenomen dat de datums van vaccinatie 

ook vergelijkbaar waren tussen de patiënten met deze gegevens en de patiënten 

zonder deze gegevens. 

Van de gehospitaliseerde patiënten was 22% tijdig gevaccineerd tegen influenza 

A(H1N1)pdm09, in vergelijking met 28% van de controle personen. Er was dus een 

significant aantal doorbraak infecties. Van de gehospitaliseerde patiënten waren er 

zeven overleden. Hiervan waren vier gevaccineerd, waarvan er voor één bekend 

was dat deze vaccinatie slechts enkele dagen voor optreden symptomen was 

ontvangen. Voor twee werd aangenomen dat deze tijdig gevaccineerd waren. De 

doeltreffendheid van vaccinatie met het MF59 geadjuveerd influenza 

A(H1N1)pdm09 vaccin in het voorkomen van hospitalisatie werd geschat op 19% 

(95%CI: -28-49). Indien dit beperkt werd tot patiënten en controle personen met 

ernstig onderliggend lijden was dit 49% (95%CI: 16-69). Deze bevindingen 

suggereren dat het MF59 geadjuveerde influenza A(H1N1)pdm09 vaccin slechts 

beperkte bescherming bood tegen hospitalisatie met influenza A(H1N1)pdm09.  

De tweede sectie van dit proefschrift omvat studies naar de risico’s van pandemische 

griep vaccins.  

Door de bestaande onzekerheden omtrent de veiligheid van de pandemische 

influenza A(H1N1)pdm09 vaccins ten tijde van het registreren van deze vaccins 

werd er een uitgebreide monitoring van de veiligheid van de vaccins opgezet. Dit 

door middel van het stimuleren van de bestaande nationale en internationale 

passieve bewakingssystemen (bijv EudraVigilance, World Health Organization-

Uppsala Monitoring Centre, de Amerikaanse Vaccine Adverse Events Reporting 

System, het Canadese bijwerkingen na immunisatie surveillance systeem) en door 

middel van nieuwe actieve surveillance-activiteiten in de Verenigde Staten en de 

Europese Unie. 

In hoofdstuk 4 wordt de veiligheid van pandemische influenza A(H1N1)pdm09 

vaccins in kinderen en adolescenten besproken aan de hand van klinische studies, 

observationele studies en rapportages van bijwerkingen. Er werden 25 klinische 

studies met daarin 10.505 kinderen en adolescenten tussen de 6 maanden en 23 

jaar geïdentificeerd waarin de veiligheid van verscheidene pandemische influenza 

vaccins werd beschreven. De studies bevatten zowel gezonde kinderen en 

adolescenten als kinderen en adolescenten met onderliggend lijden. Daarnaast 

waren er circa 13.000 rapportages van bijwerkingen. De verscheidenheid in de 
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meetmethodes en rapportage van bijwerkingen in de verschillende studies en 

publicaties maakt dat de analyse van veiligheid over de studies en publicaties heen 

niet mogelijk was. Hierdoor is er relatief weinig geleerd over de verschillen tussen 

vaccins wat betreft het veiligheidsprofiel. Er zou meerwaarde gegeven kunnen 

worden aan individuele studies als men zich, bij het uitvoeren van studies, aan 

bestaande richtlijnen zou houden voor het verzamelen en rapporteren van 

veiligheidsgegevens in kinderen en adolescenten. Wel heeft de pandemie 

geresulteerd in een beginnende infrastructuur voor verbeterde internationale 

samenwerking in studies naar de veiligheid van vaccins. 

In de maanden na de 2009/2010 influenza A (H1N1) pandemie waren er twee 

belangrijke veiligheids- signalen: een verhoogde incidentie van Bellse parese werd 

gemeld bij personen die een AS03 geadjuveerd influenza A (H1N1) pdm09 vaccin, 

Pandemrix, hadden ontvangen in een Zweedse studie. Daarnaast werden er 

verhoogde gevallen van narcolepsie waargenomen bij kinderen en adolescenten na 

blootstelling aan hetzelfde vaccin in Zweden en Finland. Pandemrix is een 

geïnactiveerd gesplitst virion AS03 adjuvans H1N1pdm09 vaccin dat werd gebruikt 

in 38 landen over de hele wereld tijdens de 2009/2010 influenza A (H1N1) 

pandemie. In de Europese Unie was Pandemrix het voornaamst gebruikte vaccin met 

meer dan 30 miljoen doses toegediend en een zeer hoge dekkingsgraad met name 

in de Scandinavische landen. 

Hoofdstuk 5 gaat in op het signaal van Bellse parese na vaccinatie met Pandemrix. 

In een patiënt-controle onderzoek, waarbij patiënten hun eigen controle vormden 

werd de associatie tussen influenza vaccins met een A/California/7/2009 (H1N1)-

achtige griepstam (waaronder Pandemrix) en het voorkomen van Bellse parese 

geschat. De studie was gesitueerd in een in het Verenigd Koninkrijk huisartsen 

database – The Health Improvement Network (THIN) genaamd. Bellse parese, ook 

wel aangezichtsverlamming van Bell genoemd, is een plotseling optredende perifere 

verlamming welk in het verleden vaker in verband is gebracht met influenza 

vaccinatie.  

Alle nieuwe gevallen van Bellse parese die tussen 1 juni 2009 en 20 juni 2013 

optraden in de THIN database werden geïncludeerd. De relatieve incidentie van 

Bellse parese gedurende de 6 weken na vaccinatie met pandemische of seizoens-

influenza vaccins werd bepaald. Analyses werden gecorrigeerd voor seizoen en 

geïdentificeerde confounders. We vonden een incidentie van Bellse parese van 38,7 

per 100.000 persoonsjaren. Zowel acute respiratoire infecties als zwangerschappen 

bleken confounders te zijn. Naar correctie voor confounders was de relatieve 
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incidentie van Bellse parese gedurende de 42 dagen na vaccinatie met een 

influenza-vaccin 0,77 (95% CI: 0,65-0,91). Deze was niet significant verschillend 

gedurende de 42 dagen na de seizoens-vaccin (0,70, 95% CI: 0,58-0,84) of 

pandemisch vaccin (0,67, 95% CI: 0,44-1,03). Er waren aanwijzingen dat het 

schijnbaar beschermend effect van vaccinatie op het voorkomen van Bellse parese 

vooral gedreven werd door vrouwen in de leeftijd van 45 tot 65 jaar, en personen 

boven de 65 jaar. In andere groepen werd geen beschermend effect gezien. 

Concluderend, in deze studie werd geen bewijs voor een verhoogde incidentie van 

Bellse parese volgende vaccinatie met een vaccin bevattende een 

A/California/7/2009 (H1N1)-achtige griepstam gezien, noch voor monovalente 

influenza A(H1N1)pdm09 griepvaccin. In tegendeel, de relatieve incidentie van 

Bellse parese gedurende de 6 weken na vaccinatie was verlaagd. Het is onduidelijk 

wat dit verminderde incidentie zou kunnen verklaren. 

In hoofdstuk 6 en 7 wordt dieper ingegaan op het signaal van narcolepsie na 

vaccinatie met Pandemrix.  

Hoofdstuk 6 beschrijft de achtergrond incidentie van narcolepsie in verschillende 

databases uit zes Europese landen gedurende de periode 2000 tot 2010. Er 

werden 2.608 incidente gevallen van narcolepsie geïdentificeerd in 280 miljoen 

persoonsjaren. De gepoolde incidentie was 0,93 (95% CI: 0,90-0,97) per 100.000 

persoonsjaren. Er waren pieken tussen de 15-30 jaar oud (vrouwen> mannen) en 

rond de 60 jaar. In de leeftijdsgroep van 5-19 jarigen werd een significant 

verhoogde incidentie na het begin van de pandemische vaccinatie programma’s in 

vergelijking met de periode hier vóór gezien in Denemarken (relatieve 

incidentie:1,9, 95% CI: 1,1-3,1), in Finland (6,4, 95% CI: 4,2-9,7) en in Zweden (7,5, 

95% CI: 5,2-10,7). Verificatie van narcolepsie diagnoses in Nederland had een 

significant effect op het patroon van de incidentie in de tijd. Deze studie naar het 

verloop van achtergrond incidentie biedt nuttige inzichten rondom een 

veiligheidssignaal. De verhoogde incidentie van narcolepsie na het begin van de 

vaccinatie programma’s zoals gemeld vanuit Zweden en Finland worden ook 

waargenomen in deze studie. Een toegenomen incidentie in narcolepsie diagnoses 

werd niet waargenomen in alle landen of kwam niet overeen met pandemische 

influenza A(H1N1) pdm09 vaccinatie. De verhoogde incidentie na start van de 

vaccinatie programma’s gezien in Denemarken kan moeilijk verklaard worden door 

vaccinatie met Pandemrix aangezien de dekkingsgraad hier zeer laag was. Dit wijst 

erop dat er mogelijk andere factoren dan vaccinatie een rol spelen in de geziene 

toename in narcolepsie diagnoses in Europa.  
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Verschillende epidemiologische studies hebben een associatie tussen Pandemrix en 

narcolepsie gerapporteerd. Aangezien deze studies werden uitgevoerd ten tijde 

van een toegenomen bewustzijn omtrent narcolepsie en een mogelijk verband met 

pandemische vaccinatie, en aangezien deze studie observationeel waren en een 

relatief korte observatie tijd hadden en daarbij narcolepsie een moeilijk te 

diagnosticeren aandoening is, is het mogelijk dat de gevonden relatieve risico’s in 

deze studies deels verklaard kunnen worden veranderingen in het vaststellen van 

narcolepsie diagnoses en het vaststellen van blootstelling aan Pandemrix over tijd. In 

hoofdstuk 7 wordt dit voorbeeld gebruikt om, met behulp van simulaties, 

methodologische aanbevelingen te maken voor toekomstige vaccin veiligheidsstudies 

die onder eenzelfde omstandigheden moeten worden uitgevoerd.  

Het effect van twee mogelijke bronnen van bias op de associatie tussen Pandemrix 

en narcolepsie wordt in hoofdstuk 7 gesimuleerd: 1) detectie bias, wat wordt 

gedefinieerd als het versneld vaststellen van narcolepsie in kinderen die zijn 

blootgesteld aan Pandemrix en 2) differentiële misclassificatie van vaccinatie, 

gedefinieerd als het optreden van de eerste symptomen van narcolepsie ten 

onrechte toewijzen tot na vaccinatie. Hierdoor wordt iemand ten onrechte 

toegewezen als gevaccineerd bij het optreden van de eerste symptomen. De rol van 

deze twee bronnen van bias werd bestudeerd in een gesimuleerde populatie van 

100.000 kinderen. De incidentie van narcolepsie en narcolepsie diagnose, en 

pandemische vaccinatie werd gesimuleerd gebaseerd op beschikbare gegevens. De 

gesimuleerde datasets werden geanalyseerd met behulp van een cohort en patiënt-

controle analyse methode.  

Het relatieve risico van narcolepsie bij gevaccineerde versus niet-gevaccineerde 

kinderen kan oplopen tot 28,4 in aanwezigheid van de twee gesimuleerde bronnen 

van bias. De bias had minder effect wanneer vaccinatiegraad hoger was, de 

onderliggende interval van start symptomen tot narcolepsie diagnose korter was, of 

de observatie periode werd verlengd. De patiënt controle methode was beter 

bestand tegen deze bronnen van bias dan het cohort onderzoek. De simulatie 

toonde aan dat bij afwezigheid van een werkelijke associatie tussen vaccin en 

narcolepsie, aanwezigheid van detectie bias en differentiële misclassificatie van 

vaccinatie een verklaring zou kunnen zijn voor de verhoogde risico’s gezien in de 

verschillende gepubliceerde studies. De simulaties leveren nuttige inzichten voor het 

ontwerp en de interpretatie van toekomstige vaccin veiligheidsstudies. 

De 2009/2010 influenza A(H1N1) pandemie was de eerste keer dat er op grote 

schaal gebruik werd gemaakt van geadjuveerde influenza vaccins. Deze vaccins 
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hebben het voordeel dat ze het immuunsysteem sterker stimuleren dan conventionele 

influenza vaccins, waardoor er een betere response te verwachten is en/of er 

minder antigen in het vaccin nodig is. Hoofdstuk 8 beschouwt recente klinische 

studies met geadjuveerde influenza vaccins in kinderen jonger dan 3 jaar. Voor 

deze leeftijdsgroep is er beperkt bewijs omtrent de werkzaamheid en 

doeltreffendheid van conventionele influenza vaccins. De evidentie die er is wijst uit 

dat deze conventionele, subunit of split geïnactiveerde, influenza vaccins 

suboptimale bescherming bieden in jonge kinderen. Mogelijk bieden geadjuveerde 

vaccins voor deze leeftijdsgroep een werkzaam alternatief. Olie-in-water 

geadjuveerde vaccins lijken een effectief alternatief welk mogelijk een dringende 

behoefte in de jongste, immunologisch naïeve kinderen kunnen vullen. De beperkte 

studies beschikbaar wijzen op een sterk verbeterde immunogeniciteit, zowel 

kwantitatief als kwalitatief, en een verbeterde werkzaamheid. Echter, hiertegenover 

staat een verhoogde reactogeniciteit welk zorgvuldig moet worden meegewogen in 

het bepalen van de optimale dosering voor ieder vaccin. Wat moet vooral moet 

worden benadrukt is dat de onzekerheden ten aanzien van zeldzame maar ernstige 

bijwerkingen, zoals de associatie tussen Pandemrix en narcolepsie (hoofdstuk 6 en 

hoofdstuk 7),  moeten worden aangepakt mochten deze geadjuveerde influenza 

vaccins verder worden ontwikkeld voor jonge kinderen. Totdat er een goed begrip is 

hoe deze adjuvantia werken bij kinderen met een nog ontwikkelend immuunsysteem 

moet er geïnvesteerd worden in fundamenteel onderzoek. Tegelijkertijd zullen 

andere mogelijkheden om de immuunrespons en werkzaamheid bij jonge, veelal 

immunologisch naïeve, kinderen verder moeten worden ontwikkeld. 

Een van de belangrijkste regulatoire gevolgen van de 2009/2010 pandemie in 

Europa is de ontwikkeling van een nieuwe richtlijn voor het evalueren van influenza 

vaccins. De belangrijkste veranderingen in het klinische gedeelte van de nieuwe 

influenza-richtlijn worden in hoofdstuk 9 besproken. De achtergrond van deze 

veranderingen wordt bediscussieerd en er wordt bekeken of de richtlijn zal leiden 

tot een beter inzicht in de karakteristieken van seizoens-, zoönotische en 

pandemische influenza vaccins gedurende het regulatoire evaluatie proces. De 

nieuwe richtlijn neemt een nieuwe benadering voor de toetsing van influenza vaccins. 

Eerdere toetsingscriteria gebaseerd op serologische drempelwaarden worden 

afgeschaft en er is in plaats een meer gediversifieerde aanpak voor het meten en 

presenteren van de immuunrespons na vaccinatie gekomen. Daarnaast wordt er nu 

geëist dat werkzaamheid tegen klinische eindpunten voor jonge kinderen, onder de 

drie jaar, wordt vastgesteld voor registratie van een nieuw seizoens-vaccin. 

Daarnaast is er meer aandacht voor het bewaken van de baten en risico’s van 
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influenza vaccins na registratie. Hoewel het daadwerkelijk de verwachting is dat 

deze nieuwe aanpak zal leiden tot een verbeterd inzicht in het functioneren van 

nieuwe influenza vaccins zijn er uitdagingen, zoals het gebrek aan 

gestandaardiseerde assays en serologische correlaten voor bescherming, die niet 

kunnen worden overkomen door betere richtlijnen alleen. De erkenning van deze 

uitdagingen heeft geresulteerd in een aantal samenwerkingsinitiatieven in Europa 

waar de academische wereld, fabrikanten, volksgezondheidsinstituten en regulatoire 

autoriteiten samenwerken om de evaluatie van influenza vaccins in de toekomst te 

vereenvoudigen en te verbeteren.  

Tenslotte worden in hoofdstuk 10 de belangrijkste bevindingen van de verschillende 

studies bediscussieerd. 
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Abbreviations 
ADEM acute disseminated encephalomyelitis  

ADRS Australian Adverse Drug Reactions System  

AEFI adverse events following immunization  

AESIs Adverse events of special interest  

ARI acute respiratory infection  

CAEFISS Canadian Adverse Events Following Immunization 

Surveillance System  

CDC Centres for Disease Control  

CHMP Committee for Human Medicinal Products  

CI confidence interval  

ECDC European Centre for Disease Control  

EDS excessive daytime sleepiness  

EMA European Medicines Agency  

EPARs electronic public assessment reports  

FDA Food and Drug Administration  

GBS Guillain-Barré syndrome  

GCP Good Clinical Practice  

GMT geometric mean titre  

GPs general practitioners  

HA haemagglutinin  

HI haemagglutination inhibition  

HLA Human Leukocyte Antigen  

HR hazard ratio  

ICPC International classification of primary care  

ICSRs individual case safety reports  

ILI influenza like illness  

IMPACT Immunization Monitoring Program ACTive  

IPCI Integrated Primary Care Information  

LAIVs live attenuated influenza vaccines  

MN microneutralisation  

MSLT multiple sleep latency test  

NA neuraminidase  

NL Netherlands  

OR odds ratio  
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ORS oculo-respiratory syndrome  

PPV positive predictive value  

PRAC Pharmacovigilance Risk Assessment Committee  

PRISM Post-Licensure Rapid Immunization Safety Monitoring  

PY person years  

RCDCs reverse cumulative distribution curves  

RI relative incidence  

RMP Risk Management Plan  

RNA ribonucleic acid  

RR Relative Risk  

RT-PCR reverse transcription polymerase chain reaction  

SAGE Strategic Advisory Group of Experts  

SOC system organ class  

SRH serial radial haemolysis  

UK United Kingdom  

UMLS® Unified Medical Language System®  

US United States  

VAERS Vaccine Adverse Events Reporting System  

VAESCO Vaccine Adverse Event Surveillance & Communication  

VE vaccine effectiveness  

VN virus neutralisation  

VSD Vaccine Safety Datalink  

WHO World Health Organization  

WHO-UMC World Health Organization-Uppsala Monitoring 

Centre  
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Codes for Data Extraction 

Chapter 5 Bel l ’ s  palsy af ter  
inf luenza(H1N1)pdm09 vacc ines  

Read  code  fo r  Be l l ’ s  pa l s y  

F31..00 Facial nerve disorders 

F310.00 Bell's (facial) palsy 

 

AHD  code s  f o r  i n f l u e nza  va c c i na t i o n  

1002090105 Influenza A H1N1v 

1002090104 Influenza A H1N1v unknown brand (other health provider) 

1002090103 Influenza A H1N1v (other health provider) 

1002090102 Influenza A H1N1v (other health provider) 

1002090101 Influenza A H1N1v 

1002090100 Influenza A H1N1v unknown brand 

1002090000 Influenza 

 

R EAD  code s  f o r  i n f l u e nza  va c c i na t i o n  

65E..00 Influenza vaccination 

65E0.00 First pandemic influenza vaccination 

65E1.00 Second pandemic influenza vaccination 

65E2.00 Influenza vacc othr hlth prov 

65E3.00 1st pan flu vac othr hlth prov 

65E4.00 2nd pan flu vac othr hlth prov 

65E5.00 CELVAPAN - first influenza A (H1N1v) 2009 vaccination given 

65E6.00 CELVAPAN - second influenza A (H1N1v) 2009 vaccination given 
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65E7.00 CELVAPAN - 1st flu A (H1N1v) 2009 vacc by othr hlth provider 

65E8.00 CELVAPAN - 2nd flu A (H1N1v) 2009 vacc by othr hlth provider 

65E9.00 PANDEMRIX - first influenza A (H1N1v) 2009 vaccination given 

65EA.00 PANDEMRIX - second influenza A (H1N1v) 2009 vaccination give 

65EB.00 PANDEMRIX - 1st flu A (H1N1v) 2009 vac by othr hlth provider 

65EC.00 PANDEMRIX - 2nd flu A (H1N1v) 2009 vac by othr hlth provider 

 

R EAD  code s  f o r  AR I  

'H00..00' 'H03..00' 'H042000' 'H060700' 'H01yz00' 'H040000' 

'H00..11' 'H03..11' 'H042100' 'H060800' 'H01z.00' 'H040100' 

'H00..12' 'H03..12' 'H042z00' 'H060900' 'H02..00' 'H040200' 

'H00..13' 'H030.00' 'H043.00' 'H060A00' 'H02..11' 'H040300' 

'H00..15' 'H031.00' 'H043.11' 'H060B00' 'H02..12' 'H040400' 

'H00..16' 'H032.00' 'H043000' 'H060C00' 'H02..13' 'H040500' 

'H01..00' 'H033.00' 'H043100' 'H060D00' 'H020.00' 'H040600' 

'H01..11' 'H034.00' 'H043200' 'H060E00' 'H021.00' 'H040w00' 

'H010.00' 'H035.00' 'H043211' 'H060F00' 'H022.00' 'H040x00' 

'H010.11' 'H035000' 'H043z00' 'H060v00' 'H023.00' 'H040z00' 

'H011.00' 'H035100' 'H044.00' 'H060w00' 'H023000' 'H041.00' 

'H012.00' 'H035z00' 'H04z.00' 'H060x00' 'H023100' 'H041000' 

'H013.00' 'H036.00' 'H05..00' 'H060z00' 'H023z00' 'H041100' 

'H014.00' 'H03z.00' 'H050.00' 'H061.00' 'H024.00' 'H041z00' 

'H01y.00' 'H04..00' 'H051.00' 'H061000' 'H025.00' 'H042.00' 

'H01y000' 'H040.00' 'H052.00' 'H061100' 'H02z.00' 'H042.11' 

'H053.00' 'H061200' 'H05z.11' 'H061600' 'H060.11' 'H06z000' 

'H055.00' 'H061300' 'H05z.12' 'H061z00' 'H060000' 'H06z011' 

'H05y.00' 'H061400' 'H06..00' 'H062.00' 'H060100' 'H06z100' 

'H05z.00' 'H061500' 'H060.00' 'H06z.00' 'H060200' 'H06z111' 

'H060300' 'H06z112' 'H060400' 'H07..00' 'H060600' 'H0z..00' 

'H060500' 'H0y..00'     

READ codes  fo r  de l i ve ry  da te  
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'63...00' '63...00' '639..00' '63A..00' '632..00' '63D..00' 

'6331.00' '633..00' '633a.00' '6341.00' '6342.00' '63E2.00' 

'635..11' '7F10.00' '7F10000' '7F10100' '7F10y00' '7F10z00' 

'7F10z11' '7F10z12' '7F11.00' '7F11000' '7F11100' '7F11200' 

'7F11300' '7F11y00' '7F11z00' '7F12.00' '7F12000' '7F12100' 

'7F12111' '7F12y00' '7F12z00' '7F13.00' '7F13000' 7F13100 ' 

'7F13111' '7F13200' '7F13300' '7F13y00' '7F13z00' 7F14.00'  

'7F14100' '7F14y00' '7F14z00' '7F15.00' '7F15000' '7F14000' 

'7F15100' '7F15y00' '7F15z00' '7F16.00' '7F16000' '7F16200' 

'7F16300' '7F16400' '7F16500' '7F16600' '7F16700' '7F16800' 

'7F16900' '7F16A00' '7F16B00' '7F16y00' '7F16z00' '7F17.00' 

'7F17000' '7F17100' '7F17200' '7F17300' '7F17y00' '7F17z00' 

'7F18.00' '7F18000' '7F18100' '7F16100' '7F18y00' '7F18z00' 

'7F19.00' '7F19000' '7F19100' '7F19y00' '7F19z00' '7F1A.00' 

'7F17.11' '7F17.12' 'L34..00' 'L398.00' 'L398300' 'L398400' 

'Ly0..00'           

 

R EAD  code s  f o r  H1N1 /  i n f l u e nza  i n f e c t i o n  

H27..00 Influenza 

H270100 Influenza with pneumonia, influenza virus identified  

H271100 Influenza with pharyngitis 

H2A..11 Influenza A (H1N1 

H271z00 Influenza with respiratory manifestations NOS 

H27yz00 Influenza with other manifestations NOS       

H27z.11 Flu like illness 

H27z.12 Influenza like illness 

H2A..00 Influenza due to Influenza A virus subtype H1N1  

16L..00 Influenza-like symptoms 

H2...00 Pneumonia and influenza 

H270.00 Influenza with pneumonia  

H271.00 Influenza with other respiratory manifestation               

H27y.00 Influenza with other manifestations   

H27z.00 Influenza NOS     
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H27y100 Influenza with gastrointestinal tract involvement 

H270000 Influenza with bronchopneumonia                              

H270z00 Influenza with pneumonia NOS                                 

H271000 Influenza with laryngitis                                    

H27y000 Influenza with encephalopathy  

4J3L.00 Influenza A virus H1N1 subtype detected   

4J3M.00 Influenza A virus H1N1 subtype not detected 

4JDb.00 Influenza (A&B 

4JU0.00 Influenza H1 virus detected 

4JU5.00 Influenza B virus detected  

4JU4.00 Influenza A virus, other or untyped strain detected 

4JU1.00 Influenza H2 virus detected 

4JU2.00 Influenza H3 virus detected 

43dF.00 Influenza A antibody level 

43dG.00 Influenza B antibody level 
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