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CHAPTER 1
General Introduction 
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The influenza virus is a worldwide important respiratory virus which is easily transmitted 
from person to person [1]. The symptoms from an influenza infection (e.g., fever, cough, sore 
throat) are mostly self-limiting but influenza can be complicated due to severe illnesses like 
pneumonia and otitis media caused by the primary influenza infection or a secondary bacterial 
infection [1-3]. Such diseases might result in hospitalization and even death, especially in the 
population at high risk for complications such as the elderly, children younger than the age of 
two years, and patients with a chronic disease or weakened immune response [3,4]. According 
to the World Health Organization (WHO), the annual influenza epidemic results in three to 
five million cases of severe illness and about 250,000 to 500,000 deaths worldwide depending 
on the severity of an influenza season [3].

Influenza viruses
Influenza viruses belong to the Orthomyxoviridae family and are membrane-enveloped 
viruses with a segmented negative strand RNA genome [1,5]. Each RNA segment forms a 
ribonucleotide protein (RNP) complex together with nucleoproteins (NPs) and a polymerase 
complex consisting of the polymerase protein A (PA) and polymerase basic proteins 1 and 2 
(PB1 and PB2) [5]. Figure 1 presents the overall structure of the influenza virus [1,5-7].

Figure 1 – Influenza virus structure 

The RNPs are surrounded by a layer of internal matrix 1 proteins (M1) [5]. Hemagglutinin (HA) 
and neuraminidase (NA) are both surface antigens that are inserted into the influenza virus 
membrane. HA is responsible for the attachment of the virus to the receptors on the cell surface 
of the host as well as the entry of the virus into the host cell. NA plays an important role in the 
release of newly formed virus particles from the host cell [1,5]. Matrix 2 protein (M2) is an ion 
channel that plays a role in the transport of protons [5]. Based on differences in the two internal 
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proteins NP and M1, there are different influenza viruses (A, B, C and D) described of which 
influenza A and B are the most clinically relevant [5,8]. 

The influenza A virus is further subdivided into subtypes based on the HA and NA surface 
proteins. There are 18 different HA (H1 trough H18) and 11 different NA subtypes (N1 trough 
N11) that have been described so far [8]. Only a few subtypes have been identified in humans, 
specifically, H1N1, H2N2 and H3N2 viruses. Other subtypes such as H5N1, H7N7, and H9N2 
viruses are occasionally identified in humans [5]. There are several influenza A virus strains, 
for example, A/California/7/2009 (H1N1) and A/Hong/ Kong/4801/2014 (H3N2), that are 
named based on the geographic origin, strain number, and year of isolation [9]. The influenza 
B viruses are not divided into subtypes but into lineages and strains. Currently, there are two 
lineages known: B/Yamagata and B/Victoria [8]. The several influenza virus strains exist due 
to the fact that they are continuously undergoing antigenic changes to escape the immune 
response of the host by antigenic drift and shift. Antigenic drift is the result of point mutations 
in the viral gene encoding HA while an antigenic shift occurs when the re-assortment of 
genome segments from different influenza strains that circulate in different animal species, 
including humans, takes place. This can occur if a host cell is simultaneously infected with 
two influenza A viruses [1,5]. An antigenic shift results in a completely new influenza virus 
which may circulate among humans. Such shifted viruses might cause a pandemic with 
higher mortality and morbidity rates compared to the annual influenza epidemics since the 
population is naive to the new circulating virus.   

Influenza vaccines   
The most effective way to prevent influenza related diseases is by vaccination. Since the 1940s, 
vaccines are used to target the influenza A and B virus strains [10]. The vaccine antigens are 
aiming at the development of a virus-specific immune response. When a person who has been 
vaccinated comes in contact with an influenza virus, the immune response will prevent the 
infection and/or recognize the virus earlier and clear it from the body. This will reduce the 
chance of an influenza infection and/or the severity of a possible infection [11]. 

The influenza vaccines that are currently being used are not very different from the vaccines 
introduced in the 1940s and contain at least the two viral surface antigens HA and NA from 
the influenza virus. These vaccines mainly induce antibodies which neutralize the actions of 
these surface proteins. However, due to the fact that HA and NA are constantly changing due 
to antigenic drift, the vaccine should be updated each year [1,5].   

Each year, the WHO recommends which influenza strains should be included in the influenza 
vaccine. Trivalent influenza vaccines contain two influenza A viruses (H1N1 and H3N2) and 
one influenza B-virus strain (Yamagata or Victoria lineage). Since the influenza season of 
2013-2014, the WHO also recommends quadrivalent vaccines, that include a B/Yamagata-
virus as well as a B/Victoria-virus. The recommendation is based on epidemiology data from 
the WHO Global Influenza Surveillance and Response System (GISRS) which continuously 
monitors influenza viruses circulating in humans [3]. For the northern hemisphere the WHO 
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makes a recommendation in February on the strains to be included in the vaccine for the 
next winter season, more than six months before the actual start of the influenza season. The 
strains need to be selected several months before the start of the influenza season to make sure 
the vaccine is ready on time since the whole process of production and purification of vaccine 
antigens, as well as the packaging and distribution nowadays takes six to eight months [12,13]. 
Most of currently available influenza vaccines are still produced in embryonated hens’ eggs 
which is a time consuming process since, e.g., before the production can start, selected viruses 
should sometimes be manipulated for high-yield growth in eggs, reagents should be generated 
to characterize the vaccine product, and the growth of seeds in the embryonated hens’ eggs 
takes several weeks [13,14].  

Vaccine effectiveness 
Since the influenza vaccine composition is updated each year, the ability of an influenza vaccine 
to prevent influenza virus infection in the general population [influenza vaccine effectiveness, 
IVE] should be monitored. Information about the IVE is important for immunization policy 
decision makers, e.g., to decide which type of vaccine should be used and who should be 
immunized [15]. The IVE, however, varies from season to season, per country, and even per 
virus (sub)types/lineages. For example, in the United States, the IVE varied from 10% (95% CI 
-36 – 40) to 60% (95% CI 53 – 66) during the influenza seasons of 2004-2005 and 2010-2011, 
respectively [16]. It is not possible to determine the IVE in advance of an influenza season in 
a randomized controlled trial since trials are time-consuming and infeasible in some of the 
influenza vaccine target populations [17]. Therefore, retrospective studies using observational 
data, such as cohort and case-control studies in which the influenza incidence is compared 
between those subjects who have received an influenza vaccine and those who have not received 
the vaccine, are needed to annually estimate the IVE [17,18]. The test-negative design (TND) 
is a type of case-control study which is commonly used to estimate the IVE by comparing 
the prevalence of an influenza vaccination between influenza-like-illness patients who tested 
positive for an influenza virus [cases] and those who tested negative for influenza [controls] 
[19,20]. As both cases and controls are selected from the same source population, the study 
design is assumed to minimize confounding by, for example, health care-seeking behavior 
compared to other observational study designs [21,22]. However, there is no consensus about 
the appropriate control group to use since the definition of the control group introduces other 
different sources of bias resulting in an under- or overestimation of the IVE [22,23]. 

One of the most important factors that influences the (sub)type-specific IVE is the degree of 
similarity between the vaccine strains and circulating influenza virus strains; when the vaccine 
strains do not match the circulating strains, the IVE will be low [24]. A vaccine can reduce the 
risk of illness by 50-60% among the overall population during seasons when the vaccine strains 
match the virus strains [24,25]. However, for example in the United States during the 2014-2015 
season, the IVE was as low as 19% (95% CI 10 – 27) in the general population [16]. This low efficacy 
is thought to be the result of the mismatch between the H3N2 virus in the vaccine (A/Texas/50/12) 
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and the circulating H3N2 virus (A/Switzerland/971529313) and resulted in the highest recorded 
rate of flu-associated hospitalizations among adults 65 years and older since the Center of Diseases 
Control and Prevention (CDC) started tracking data [26,27]. Such a severe mismatch can occur 
due to the fact that it is difficult to predict several months in advance which influenza viruses will 
circulate since antigenic drifts occur continuously over time. Moreover, antigenic changes in the 
vaccine strain can occur during the production in embryonated hens’ eggs [12,28]. 

Quest for new broadly reactive or universal influenza vaccines 
The risk of a vaccine mismatch during annual epidemics and the threat of pandemics due to 
an antigenic shift highlights the need for new influenza vaccines which give the population 
a broader protection against a variety of influenza virus strains. In 2013, the European 
Commission called for research initiatives aimed at the development of such influenza 
vaccines that provide a longer-lasting and broader protection against multiple influenza virus 
strains. This is with the ultimate aim that such an influenza vaccine can efficiently protect the 
general population against seasonal and pandemic influenza (a ‘universal’ or ‘broadly reactive’ 
influenza vaccine) [29]. 

It has been hypothesized that some of these novel influenza vaccine concepts need a so-
called adjuvant to improve immunogenicity. Adjuvants are substances which are not antigenic 
themselves, but they may enhance and prolong a specific immune response towards a specific 
antigen [30]. Aluminum gels or salts, MF59, and AS03 are adjuvants that are included in 
licensed influenza vaccines [31,32]. Studies show that adjuvanted vaccines can induce an 
enhanced and broader immune response compared to vaccines without an adjuvant [33,34]. 
Such adjuvants may even increase cross-recognition of influenza virus strains which are not 
included in a vaccine [35]. However, for the licensing of a novel vaccine with a novel or even 
established adjuvant, the inclusion of an adjuvant should be justified. The adjuvant should 
improve the immune response but, more importantly, it should have an acceptable balance 
between the beneficial effects on the immune response and the risk of local and systemic 
adverse events. Especially for prophylactic vaccines such as influenza vaccines, safety favours 
over efficacy [30]. Of note, an in-depth analysis of the safety and tolerability of the adjuvants 
that are currently being tested in clinical trials for (universal) influenza vaccines is lacking. 

Before a universal influenza vaccine can be licensed and enter the market, several 
preclinical and clinical studies should be performed to determine efficacy, immunogenicity, 
and safety. An important aspect before such studies can be conducted is the ethical approval 
of a study to ensure that the safety and wellbeing of laboratory animals and study participants, 
respectively, are safeguarded. Before the start of a clinical trial, ethical and national competent 
authority approval has to be obtained. However, especially for multinational vaccine trials, it 
is a challenge to obtain approval in Europe due to the differences in the implementation of the 
clinical trial Directive 2001/20/EC from the European Parliament and European Commission 
in the different European Union Member States. Especially for scientific initiatives without any 
clinical trial experience, it is a hassle to obtain such approval due to the tangle of regulations, 
and an overview of requirements is urgently needed.   
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Thesis objectives 
The first objective of this thesis is to investigate the effectiveness of currently used conventional 
influenza vaccines in the Netherlands over the past influenza seasons. In addition, ethical 
guidelines to conduct clinical trials with vaccines in Europe, the safety and tolerability of 
adjuvants that are currently being investigated in influenza vaccine trials, and the safety and 
immunogenicity of a novel universal influenza vaccine concept will be addressed.

Thesis outline  
The first part of the thesis focusses on the evaluation of the IVE in the Netherlands. In 
Chapter 2, the IVE over the influenza seasons from 2003/2004 until 2013/2014 is estimated 
using the TND case-control study stratified by the different influenza virus (sub)types/
lineages and match status. Chapter 3 summarizes the results of the IVE estimates for the same 
seasons excluding the pandemic season of 2009/2010 using the TND case-control study with 
different control groups. We evaluate the differences among the IVE estimates using the most 
commonly applied definitions of control groups. 

In the second part of the thesis, a systematic review is presented in Chapter 4 which 
evaluates the safety and tolerability of the adjuvant Montanide ISA 51TM. In Chapter 5, a 
meta-analysis is presented in which the safety and tolerability of vaccines including QS-21 or 
ISCOMATRIX adjuvant are evaluated. 

In the third part of the thesis, the clinical evaluation of influenza vaccines is described. 
Chapter 6 outlines the ethical approval and competent authority authorization procedures 
for a vaccine trial in different European Union Member States. Chapter 7 describes a protocol 
for a phase IIb clinical trial to assess the immunogenicity and safety of a universal influenza 
vaccine concept administered as a standalone vaccine and as a primer to H5N1 influenza 
vaccine. In Chapter 8, the results of this study are described. 

Finally, the main findings of all of the chapters and the future perspectives are discussed 
in Chapter 9. 
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