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Synopsis

Influenza vaccination in the Netherlands
Background information for the Health Council of the Netherlands

Among all infectious diseases, influenza causes the highest burden of
disease. Vaccination is the main strategy to prevent complications and
death from influenza virus infection. Also, vaccination leads to milder
infections. The Dutch Health Council is currently preparing a new advice
on the target groups for influenza vaccination and the safety and
effectiveness of novel vaccines. Potential new target groups are
pregnant women and children. To support this advice, the RIVM provides
an overview of currently available scientific information on influenza
vaccination, including effectiveness, acceptance, impact, safety and
cost-effectiveness.

Currently, vaccination in the Netherlands is advised for all individuals
aged 60 years or older and individuals with co-morbidity who have an
increased risk of complications or death due to this infection. Vaccination
against influenza during pregnancy can protect the mother as well as
the infant up to the age of six months of age. Vaccinating children can
provide herd protection as well as individual protection.

The influenza vaccines in current use in the Netherlands provide only
moderate protection. Vaccination prevents about a third to half of the
infections. Also, the level of protection decreases with age at
vaccination. Recent studies showed that novel vaccines have an
improved protective benefit in elderly subjects. These vaccines are not
yet used in the Netherlands. From 2019-2020 onwards, a quadrivalent
influenza vaccine, rather than the trivalent vaccine, will be used for the
current target groups.

Keywords: influenza, flu, vaccination, disease burden, vaccine
effectiveness, vaccine efficacy, safety, acceptance, cost effectiveness
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Publiekssamenvatting

Influenzavaccinatie in Nederland
Achtergrond informatie voor de Gezondheidsraad

Van alle infectieziekten veroorzaakt griep de meeste ziekenhuisopnames
en sterfgevallen. De belangrijkste manier om dit te voorkomen, is door
mensen tegen dit virus te vaccineren. Ook zorgt vaccinatie ervoor dat
infecties milder verlopen. De Gezondheidsraad bereidt momenteel een
nieuw advies voor over de doelgroepen van de vaccinatie en de
veiligheid en effectiviteit van nieuwe vaccins. Hierbij wordt ook gekeken
of griepvaccinatie voor zwangere vrouwen en kinderen een goed idee is.
Als ondersteuning van dit advies geeft het RIVM een overzicht van
beschikbare wetenschappelijke informatie over griepvaccinatie.
Onderwerpen zijn onder andere de effectiviteit, acceptatie, impact,
veiligheid en kosteneffectiviteit ervan.

Op dit moment wordt in Nederland twee groepen mensen geadviseerd
zich tegen de griep te laten vaccineren: alle mensen van 60 jaar en
ouder, en mensen die (chronische) aandoeningen hebben en daardoor
een hoger risico om complicaties te krijgen of te overlijden door de
griep. Vaccinatie tijdens de zwangerschap kan zowel de moeder
beschermen als het kind tot zes maanden na de geboorte. Bij kinderen
kan de vaccinatie een dubbel effect hebben: zij zijn zelf beschermd
tegen de griep en de vaccinatie kan de kans verkleinen dat mensen in
hun omgeving de griep krijgen.

Er bestaan veel verschillende vaccins tegen de griep. De vaccins die nu
in Nederland worden gebruikt, beschermen matig. Ze voorkomen een
derde tot de helft van de infecties. Ook geldt: hoe ouder mensen zijn op
het moment dat ze zich laten vaccineren, hoe minder het vaccin hen
beschermt. Recente onderzoeken laten zien dat nieuwe vaccins oudere
proefpersonen beter beschermen. Deze vaccins worden nog niet
gebruikt in Nederland. Vanaf 2019-2020 zal een vaccin tegen vier typen
griepvirus worden gebruikt in plaats van het huidige vaccin tegen drie
typen.

Kernwoorden: influenza, griep, vaccinatie, ziektelast, vaccineffectiviteit,
veiligheid, acceptatie, kosteneffectiviteit
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Preface

In temperate zones of the Northern Hemisphere, influenza transmission
occurs during winter epidemics. Influenza viruses are easily transmitted
from person to person, particularly in crowded spaces, including schools
or long-term care facilities. Influenza is characterised by a sudden onset
of symptoms from which most people recover within 1-3 weeks, without
medical attention. However, the infection can cause severe iliness or
death, especially in people at high risk of complications following
infection due to age or underlying conditions. The mortality rate among
the elderly makes that of all infectious diseases influenza has the
highest burden of disease in the Netherlands and the EU region.

Since 1997, the Dutch National Influenza Prevention Programme (NPG)
actively offers influenza vaccination with trivalent subunit or split virion
vaccine to specific target groups. In 2007, the Health Council of the
Netherlands recommended influenza vaccination for all individuals 60
years or older and those with underlying medical conditions, such as
heart or lung disease. The main goal of the programme is to prevent
complications from influenza virus infection in these high-risk groups.
Additionally, the Health Council advised annual influenza vaccination for
healthcare professionals to prevent transmission of the influenza virus to
vulnerable patients and to protect the professionals themselves.
However, influenza vaccination of healthcare workers is not covered by
the NPG and is the responsibility of the employer.

In recent years more information has become available on the efficacy
and effectiveness of various influenza vaccine types or formulations in
groups other than the current target groups, such as healthy children
and healthy pregnant women. WHO now recommends vaccination of all
pregnant women because of the increased risk of a severe course of
influenza both in the mother and the infant in the first months of life.
Furthermore, several countries, including the United States (US) and the
UK, have implemented vaccination of healthy children not only for
personal protection but also to reduce transmission. A current question
is whether the Dutch influenza vaccination programme should likewise
include annual vaccination for pregnant women and children.

With respect to the choice of vaccine, in September 2018, The Ministry
of Health decided that from 2019-2020 onwards, a quadrivalent
influenza vaccine, rather than the trivalent vaccine, will be used in the
NPG for the current target groups. The advice was based on discussions
in the Outbreak Management Team (OMT), which met after the long and
severe 2017-2018 influenza epidemic, in which the influenza B virus of
the Yamagata lineage was predominant but not included in the trivalent
vaccine. Another recommendation was that the vaccination coverage
among healthcare workers should be increased. Study is underway to
determine whether compulsory influenza vaccination for newly
appointed healthcare professionals is feasible or whether other
measures would be preferred to increase vaccine uptake in this group. A
third recommendation from the OMT was that better data are needed on
severe influenza that requires hospital admission.
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The Health Council of the Netherlands is asked to update the current
influenza vaccination recommendations based on newly available data.
This report provides currently available scientific information on
influenza virus infection and vaccination, including data regarding
maternal vaccination, childhood vaccination and vaccination of older
adults and people with comorbidities. Data cover vaccine efficacy/
effectiveness, vaccination acceptance, safety, impact and cost-
effectiveness. This report does not consider pandemic influenza
vaccination and vaccination of healthcare workers.
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Influenza disease burden

Summary

Influenza is an important cause of morbidity and mortality in human
populations. Worldwide, it has been estimated that between 291,243
and 645,832 seasonal influenza-associated respiratory deaths occur
annually. In the Netherlands and the EU, influenza has the highest
burden of disease of all infectious diseases.

Influenza is a respiratory disease caused by influenza virus. Influenza
type A and B viruses cause seasonal epidemics. The main transmission
routes are droplets, aerosols, and direct contact. Most people recover
completely within 1 to 3 weeks without medical treatment. However,
some people are at increased risk of serious disease and complications
after influenza virus infection, like the elderly and those with chronic
underlying disease.

Influenza infection is most common in children under five years of age.
However, complications and mortality occur mostly in adults 65+ years
old, especially those with comorbidities. Pregnant women are at
increased risk for hospitalisation due to influenza, especially in the third
trimester of pregnancy. Children with asthma have a higher disease
burden compared with healthy children. Mortality is low in children and
pregnant women.

Pathogen and transmission

Influenza is caused by influenza virus. Influenza viruses
(orthomyxoviruses) are classified into types (species) A, B and C based
on variation in the nucleoprotein (NP) and matrix (M) antigens [1].
Influenza type A and B viruses cause seasonal epidemics, while type C
virus infections are generally mild or asymptomatic. Influenza type C
viruses are not thought to cause epidemics [2]. Influenza A viruses are
further classified in subtypes according to the combination of the surface
glycoproteins hemagglutinin (HA) and neuraminidase (NA)

[1]. There are currently 18 hemagglutinin subtypes and 11
neuraminidase subtypes identified: H1 through H18 and N1 through
N11, respectively. Only few combinations infect humans; those currently
causing seasonal epidemics are A(HLN1)pdmO09 and A(H3N2). Influenza
B viruses are divided into two phylogenetic lineages that have become
antigenically distinct. Currently circulating influenza B viruses belong to
one of two lineages: B/Yamagata/16/88 or B/Victoria/2/87 [1, 2].

Influenza viruses are constantly evolving by small changes in the genes
of the virus when it replicates. In what is called “antigenic drift,” these
small changes can result in amino acid changes that affect the antigenic
properties of the HA protein but usually result in viruses that are closely
related and share the same antigenic properties. Major changes in
influenza A viruses, called “antigenic shift,” occur less often. Caused by
reassortment of genetic material from different A subtypes, they can
lead to a new subtype (combination of HA and NA) with possible
pandemic potential if there is no pre-existing (cross-reactive) immunity
against it. Usually such viruses develop in animals (water birds and pigs)
and may transmit to humans [1, 3].
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Influenza viruses are easily transmitted from person to person,
particularly in crowded areas including schools and long-term care
facilities [4, 5]. There are three main routes of transmission:

1. Droplets: these particles can deposit on mucous surfaces of the
mouth and nose when inhaled, but are too large to reach the
lungs.

2. Aerosols: these particles can deposit on mucous surfaces of the
upper respiratory tract when inhaled, but are small enough to
reach the lower respiratory tract.

3. Direct contact transmission: infectious viruses are transferred to
mucous membranes of the upper respiratory tract via a
contaminated object or person.

Influenza virus deposited on surfaces can survive outside the body for a
few hours up to several days. The incubation period for influenza is 1-5
days, with an average of 3-4 days [6].

Influenza and disease burden
Influenza surveillance

In the Netherlands, influenza surveillance is a collaborative effort of the
National Influenza Centre (NIC) (consisting of the National Institute for
Public Health and the Environment [RIVM] in Bilthoven and the Erasmus
University Medical Centre [EMC] in Rotterdam) and the Nivel Primary Care
Database sentinel surveillance in Utrecht. The general practitioners (GPs)
participating in the sentinel surveillance report weekly the incidence of
influenza-like illness (ILI) according to the case definition provided by Pel
(sudden onset of symptoms, fever of at least 38°C and at least one of the
following symptoms: cough, rhinorrhoea, sore throat, frontal headache,
retrosternal pain, myalgia). From a systematic selection of patients
presenting with ILI or another acute respiratory infection (ARI, GPs collect
nose and throat swabs for influenza virus detection by real-time RT-PCR at
the NIC-RIVM. In addition, diagnostic laboratories forward a selection of
influenza virus-positive specimens for subtyping and lineage determination
to the NIC-EMC, where a subset of sentinel and non-sentinel influenza
viruses is subjected to further genetic and antigenic characterisation.

Robust real-time national data on the number of patients admitted to a
hospital or intensive care for complications of influenza virus infection, such
as pneumonia, are not available in the Netherlands. This has to do with
diverse hospital electronic systems and the very low number of patients
tested for influenza virus infection. However, there is a severe acute
respiratory infection (SARI) surveillance pilot study since the 2015/2016
season in a few Dutch hospitals. Additionally, in the Nivel Primary Care
Database, pneumonia is one of the illnesses monitored in this syndromic
surveillance. No additional testing is performed in those cases for
surveillance purposes. Direct estimates of number of deaths from influenza
are also not available. In cause-of-death statistics, the main code is for the
underlying cause of death (for example a chronic heart disease), rather
than the direct cause of death (which could be influenza virus infection).
However, monitoring of weekly excess all-cause mortality is well
established in the Netherlands and in the European context (EuroMOMO
programme). With these data, the RIVM and EuroMOMO are able to
estimate the all-cause mortality during the influenza epidemic period.
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Influenza is a respiratory disease and is characterised by a sudden onset
of symptoms including fever, cough, headache, myalgia, joint pain,
malaise, sore throat and nasal congestion [1, 7, 8]. The fever can rise
within 12 hours to 39°C or higher and in most cases lasts for 3 to 5
days. In very old patients, fever might not be a prominent sign.
Inflammation of the mucous membranes can occur in the nose, throat or
sinuses, and also the bronchi and lungs. Yet influenza virus infection can
be asymptomatic. Most people recover completely in 1 to 3 weeks
without medical treatment. For example, in the 2017/2018 influenza
season, an estimated 900,000 people experienced illness from an
influenza virus infection, but only 184,000 visited their general
practitioner [9]. However, some people are at increased risk of serious
disease and/or complications after infection with influenza virus, such as
the elderly, people with a chronic underlying disease (see §1.2.3) and
pregnant women, especially in their third trimester (see §1.2.1).

Worldwide, it has been estimated that between 291,243 and 645,832
seasonal influenza-associated respiratory deaths occur annually [10]. In
the Netherlands, there were an estimated 16,000 hospitalisations due to
SARI infection and 9,500 excess deaths during the 18 epidemic weeks in
the 2017/2018 influenza season [9]. Influenza as well as cold snaps are
considered important causes of this estimated excess mortality [9].
However, 2017/2018 was a more severe season, compared to earlier
seasons; in four previous seasons the excess mortality during influenza
epidemic weeks ranged from O to 8,600 [11-14].

Influenza has been long recognised as an important cause of morbidity
and mortality in human populations, but deriving precise and reliable
estimates of the burden of illness attributable to influenza, either by
country/region or globally, is made difficult by numerous methodologic
challenges [15]. A recent European study showed that influenza had the
highest burden of all studied infectious diseases (30% of the total
burden caused by 31 infectious diseases) [16]. In the Netherlands,
burden estimates for 38 infectious diseases in the years 2012—-2016
showed that the burden of disease caused by influenza was 18% of the
total burden of these 38 diseases [17]. The annual burden of influenza
was 10,799 disability-adjusted life years (DALYs), which is an estimate
of the number of healthy years lost due to ill health, disability or early
death [18]. For influenza, it is especially the mortality (years of life lost)
among the elderly that contribute to the high DALY estimates.

Influenza during pregnancy

In 2012, WHO recommended for the first time that pregnant women
should be prioritised over others in influenza vaccination campaigns
[19]. Pregnancy is associated with biochemical, mechanical,
hemodynamic and immunologic changes in the mother that become
most pronounced by the third trimester [20]. Regulatory T-cell function
is upregulated to suppress allogeneic response directed to the fetus
[21]. In general, the more immune-suppressed status of pregnant
women increases the risk for severe disease [22, 23]. Also mechanical
factors may play a role, in particular in the third trimester when
breathing is more shallow and faster due to increasing uterine pressure
on the diaphragm and increased progesterone levels lead to decreased
muscle tone. [24].
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A systematic review, including 152 studies (142 non-ecological and 10
ecological studies) and published in 2017, quantified the association
between pregnancy and severe influenza [25]. The majority of the
included studies (n=136) containing individual-level information,
concerned data on pandemic influenza either alone or in combination
with seasonal influenza. Seventeen studies concerned seasonal
influenza, with 11 of them reporting on post-pandemic influenza
A(H1IN1)pdmO09. Detailed information follows on mortality and
hospitalisations due to influenza during pregnancy using studies with
individual-level data. Data on influenza in young infants are described in
section 1.2.2.

Mortality and hospitalisations due to influenza during pregnancy using
studies from the review with individual-level data

Mortality risk due to influenza for pregnant women [25]

In the systematic review mentioned above, 94 studies reported on
mortality, with the majority including only hospitalised patients. Overall,
influenza during pregnancy was not associated with an increased risk for
mortality (OR 1.04; 95%CI 0.81-1.33). Similar results were found for
studies conducted in a community setting (OR 1.79; 95%CI 0.88-3.61),
studies among hospitalised pregnant women (OR 1.06; 95%CI 0.78-
1.44), and studies among pregnant women admitted to an ICU (OR
0.73; 95%CI 0.43-1.24).

Risk for hospitalisation due to influenza for pregnant women

Admittance to ICU

Regarding ICU admission following influenza, the systematic review
found no significant differences between pregnant and non-pregnant
women (OR 0.85; 95%CI 0.62-1.17) [25]. Likewise, no statistical
significantly increased risk was found for pneumonia (OR 1.80; 95%ClI
0.72-4.49) or mechanical ventilator support (OR 1.12; 95%CI 0.70-
2.08); and a composite outcome, including ICU admission and/or all-
cause mortality (OR 0.95; 95%CI 0.59-1.52) was found for pregnant
women in comparison to non-pregnant women.

Hospitalisation without ICU admission

In contrast to mortality and ICU admission, pregnant women did have a
significantly increased risk for hospitalisation for influenza compared to
non-pregnant women (OR 2.44; 95%CI 1.22-4.87) [25]. A sensitivity
analysis including studies with non-pregnant women of reproductive age
serving as a comparator likewise showed an increased risk (OR 3.28;
95%CI 0.52-20.6) for hospitalisation for influenza. The small number of
included studies (n=2) and their substantial heterogeneity (1°=84%)
probably was the reason that this result was non-significant. The two
studies had very different inclusion criteria, partly explaining the large
heterogeneity.

Mortality and hospitalisations due to influenza during pregnancy using
review studies with group-level data

The studies with group-level data [25] all focused on 2009-pandemic
influenza A(H1N1)pdmO9 and found significantly higher mortality rates,
ICU admission, and hospitalisation among pregnant women compared
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with non-pregnant patients [25]. However, authors identified several
biases that may have overestimated these risk estimates.

Reviews on 2009-pandemic influenza A(H1N1) data

An earlier review of 2009-pandemic influenza A(H1N1) data included
120 papers covering 3,110 pregnant women with confirmed pandemic
influenza [26] (Table 1.1). Three studies showed an increased risk of
hospitalisation for influenza during pregnancy. Furthermore, of seven
studies reporting estimates of ICU admission, three showed non-
significant results and four showed a significantly increased risk. For
mortality, seven out of eight studies showed non-significant differences,
whereas one showed a statistically signficant increased relative risk.

Similarly, for severe disease, three out of four studies showed non-
significant results, whereas one study revealed an increased risk. Thirty
percent of the pregnant women had comorbidities such as asthma,
diabetes mellitus, or obesity. This last factor has not been previously
described as a risk factor for severe disease following seasonal influenza
virus infection. The interplay between obesity and pregnancy as risk
factors is largely unknown [27]. Pregnancy was also described as a
significant risk factor for hospitalisation due to influenza A(H1N1)pdmO9
infection (unadjusted relative risk (RR) 3.5-25.3) in a worldwide
collection of approximately 70,000 laboratory-confirmed hospitalised
influenza A(H1IN1)pdmO9 patients from 19 countries [28]. However, no
increased risk for death was found.
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Table 1.1 Relative risk of hospitalisation, ICU admission, death or any severe outcome in pregnant women due to 2009 influenza

Risk of Risk of ICU admission Risk of death Risk of severe
hospitalisation disease
New south Wales Public RR: 5.8% RR: 10.2%
Health Network [29]
ANZIC [30] RR: 7.42
Campbell et al. [31] RR: 0.7 (0.4-1.2)% RR: 1.1 (0.3-4.1)% RR: 0.7 (0.4-1.3)
Creanga et al. [32] RR: 7.2° RR 4.3?
Fuhrman et al. [33] aOR: 0.3 (0.04-3.0) aOR: 0.5 (0.2-0.8)
Gérardin et al. [34] RR: 0.4 (0-2.6)%
Hanslik et al. [35] OR: 5.2 (4.0-6.9) OR: 1.4 (0.3-4.2)
Jamieson et al. [36] RR: 4.3 (2.3-7.8)°
Kelly et al. [37] RR: 5.2 (4.6-5.8)"  RR: 6.5 (4.8-8.8)" RR: 1.4 (0.4-4.5)°
Koegelenberg et al. [38] OR: 1.13 (0.14-8.88)
Oliveira et al. [39] RR: 1.07 (0.82-1.41)%
Yang et al. [40] OR: 0.8 (0.2-3.5) OR: 0.4 (0.2-3.4)
Zarychanski et al. [41] OR: 3.64 (0.86-15.4)*°

ANZIC=ANZIC Influenza Investigators and Australian Maternity Outcomes Surveillance System; aOR=adjusted odds ratio; ICU=intensive care unit;
OR=o0dds ratio; RR=relative risk;

2 Compare to nonpregnant women of reproductive age;

b Compared to general population;

¢ This number reports odds for pregnant women requiring ICU admission compared to requiring only outpatient treatment.
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A review of eight studies performed in India (all started during the 2009
pandemic) showed increased mortality and disease severity compared to
non-pregnant women in the majority of studies [42]. Increased
mortality was associated with a significant delay in presentation to
hospital and also presenting with symptoms in the third trimester.

Review of birth outcomes following maternal influenza

A systematic review of maternal influenza and birth outcomes included
16 studies on preterm birth, 5 on SGA birth, and two on fetal death
[43]. It was published in 2017. Heterogeneity across the studies
reporting preterm birth precluded meta-analysis. In a subgroup of the
highest quality studies, two reported significantly increased preterm
birth (risk ratios [RR] from 2.4 to 4.0) following severe 2009 pandemic
HIN1 (pH1N1) influenza illness, whereas those assessing mild-to
moderate pH1N1 or seasonal influenza found no association. Five
studies of SGA birth showed no discernible patterns with respect to
influenza disease severity (pooled odds ratio 1.24; 95% CI 0.96-1.59).
Two fetal death studies were of sufficient quality and size to permit
meaningful interpretation. Both reported an increased risk of fetal death
following maternal pandemic H1N1 disease (RR 1.9 for mild-to-moderate
disease and 4.2 for severe disease). Cesarean delivery occurred
frequently, often as an attempt to improve worsening maternal status.

Studies published since the review have confirmed the increased risk of
preterm birth (adjusted RR 3.9; 95%CIl 2.7-5.6) following severe
pandemic influenza during pregnancy, requiring ICU admission [44].
Furthermore, authors found an increased risk of low birth-weight infants
(adjusted RR 4.6; 95%CIl 2.9-7.5) and Apgar scores <6 at 5 minutes
(adjusted RR 8.7; 95%CI 3.6-21.2). For non-hospitalised pregnant
women and hospitalised women not admitted to ICU, no elevated risks
for adverse infant outcomes were found. A study from Norway, including
mainly non-hospitalised pregnanct women with pandemic influenza,
found no increased risks of pre-eclampsia, preterm birth or SGA birth
[45].

In summary, influenza during pregnancy is associated with an
increased risk of hospitalisation, especially in the third trimester. Non-
significant differences for ICU admission and death were found.
Differences were more pronounced for pandemic influenza than for
seasonal influenza. Furthermore, a severe course of influenza during
pregnancy increases the risk of a preterm delivery. Noconsistently
increased risks of low birth-weight infants were observed following
influenza during pregnancy.

Influenza in children

A study in England showed that children under five years of age had the
highest rate of influenza-attributable GP consultation, especially children
under the age of 6 months [46]. The same is seen in Dutch surveillance
data, where in the last five winter seasons the GP consultation rate and
the estimated symptomatic influenza incidence was highest among
children younger than five years. For children under the age of 6
months, no separate ILI surveillance data are available in the
Netherlands; this is unfortunate, as such children might benefit from the
possible introduction of maternal vaccination [9, 47].
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In the UK, children under 15 years of age accounted for 37% of all
influenza-attributable hospital admissions [46]. In the Netherlands, no
surveillance system on hospitalisation data per age group is available.
Globally it has been estimated that in 2008, between 28,000 and
111,500 deaths in children younger than 5 years were attributable to
influenza-associated acute lower respiratory infections, with 99% of
these deaths occurring in developing countries [48]. In England,
influenza-attributable deaths in children under 15 years is low, with
around 12 deaths in hospital per year [46]. In the Netherlands, there
was no excess mortality among children during the influenza epidemic
over the last five winter seasons [9, 11-14].

A common complication in children with influenza infection is acute otitis
media, for which antibiotics can be prescribed. In a Finnish cohort study
of children younger than 3 years, 39.7% of the children with culture-
confirmed influenza illness developed otitis media, compared to 19.6%
of children 3-6 years and 4.4% of children 7-13 years; only one of the
370 children with culture-confirmed influenza illness was hospitalised
[49].

In the United States, estimated outpatient influenza-attributable visit
rates were higher among children with asthma than among healthy
children aged 6 to 59 months. Additionally, annual influenza-attributable
hospitalisation rates were higher among children with asthma than
among healthy children 6 to 23 months of age, but not among children
24 to 59 years of age [50]. In general, influenza negatively affected
health-related quality of life in children with asthma [51]. In the
Netherlands, people using maintenance medication, such as inhalation
corticosteroids for asthma, are eligible for influenza vaccination [52].

A systematic review of the influenza burden in Western European
countries noted that influenza in children led to absenteeism from day
care, school, or work for the children, their siblings, and their parents,
leading to a high socioeconomic burden [51].

In summary children have a high influenza burden in terms of primary
care consultations (including consultations for complications like otitis
media) and in terms of hospital admissions. However, mortality is low
among children in Western countries. The burden of influenza disease is
higher among children with asthma than among healthy children.

Influenza in elderly and people with comorbidities

A U-shaped curve is seen for influenza hospitalisation in a study in
England, i.e. the highest rate is for children under 5 years, followed by
the 65+ year olds [46]. However, this is not seen in the estimated
symptomatic influenza incidence in primary care in the Netherlands,
where incidence was relatively low for people of 65 years and older [47].
Pneumonia is the most common complication of influenza virus infection
[53]. In the pneumonia syndromic surveillance of Nivel Primary Care
Database, the pneumonia prevalence was highest among people of 65
years or older in the last five winter seasons. However, no diagnostics
are performed for surveillance purposes, so it is unknown how many of
the pneumonia cases were caused by the influenza virus [9]. Influenza
mortality is highest in the older age groups. In a global study, the
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highest mortality rate was estimated among people aged 75+ year olds
(51.3-99.4 per 100,000 individuals) [10]. In England, the majority
(72%) of influenza-attributable deaths in hospital are estimated to occur
in 65+ year olds with comorbidities [46]. The excess mortality observed
in Europe in the 2016/2017 influenza season was seen especially among
65+ year olds. Likewise in the Netherlands, the highest influenza
mortality is seen among the elderly.

It has been estimated that the influenza mortality burden in terms of
years of life lost before age 90 (YLL9O0) is highest for persons aged 80-
84 years (914 YLL90O per 100,000 persons; 95% uncertainty interval:
867, 963). They are followed by persons aged 85-89 years (787
YLL90/100,000; 95% uncertainty interval: 741, 834) [54]. The high
mortality from influenza among the elderly translates into high DALY
estimates. During the last four influenza seasons, the highest excess
mortality was observed among 75+ year olds [9, 12-14]. Seasonal
mortality in elderly persons in the Netherlands is attributable to multiple
viruses, with highest numbers of deaths associated with influenza virus
type A [55].

Burden of influenza among the immunocompromised

The immune system of individuals can be compromised by inherited
defects or, secondarily, by disease or medication. Disease categories
that undermine the immune response are, for example, hematological
malignancies (several thousand patients in the Netherlands) and HIV
infection (about 20,000 patients in the Netherlands). Many more
patients receive immunosuppressive agents because of chronic
inflammatory diseases. In the Netherlands, about 200,000 patients with
rheumatoid disease and 60,000 patients with inflammatory bowel
diseases receive immunosuppressive agents. The therapeutic
armamentarium is rapidly expanding, with new agents in the pipeline
that target specific cytokines and intracellular pathways.

Furthermore, patients with liver dysfunction and chronic kidney disease
are more susceptible to infections. In some, organ deterioration requires
hemodialysis or solid organ transplantation. (For example, annually
about 1,000 kidneys are transplanted.) These patients then receive
combinations of immunosuppressive agents to prevent rejection of the
transplanted organ.

Another category of immunocompromised patients is comprised those
undergoing cancer treatment, including chemotherapy. Annually, tens of
thousands patients are diagnosed with cancer in the Netherlands.
Especially hematologic malignancies predispose patients to infections,
given the immunodeficiency related to the disease itself and to the
required chemotherapy or stem cell transplantation.

In immunocompromised patients, both the susceptibility to influenza
virus infection and the incidence of influenza-related complications can
be increased. In HIV-infection, increased severity of influenza has been
noted in the most severely immunocompromised patients with low CD4
counts [56, 57]. Patients with hematologic malignancies may have an
increased susceptibility to influenza virus infection, and complications
result in high death rates of up to 33% [58]. In rheumatoid arthritis, a
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higher incidence of influenza has been noted, with an increased risk of
influenza-related complications compared to healthy controls [59]. A
case fatality rate of almost 10% has been reported in cancer patients
hospitalised for serious influenza-related complications [60]. Influenza
virus infection has been reported to cause acute kidney allograft
rejection [58].

Influenza vaccination is indicated for household contacts and direct
contacts of immunocompromised persons. Vaccination of household
contacts has also been recommended in several international guidelines
[61-64].

In summary, estimated symptomatic influenza incidence based on GP
data is relatively low among the elderly in the Netherlands. However,
pneumonia prevalence in primary care is highest in the elderly. Next,
influenza hospitalisation rates are highest among children under five
years followed by those among adults of 65+ years. Influenza-
associated mortality is highest among the elderly, especially among
people with comorbidities.
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Influenza vaccination

Summary

Three types of vaccines are licensed, i.e. inactivated (whole, split and
subunit virions), live attenuated, and recombinant HA vaccines.
Availability on the Dutch market is dependent on existing supply
arrangements for the National Influenza Prevention Programme (NPG)
and in 2019 will be limited to two quadrivalent inactivated vaccines.
Influenza vaccination is available free of charge via the NPG for target
groups previously defined by the Health Council of the Netherlands.
Currently, healthy pregnant women and healthy children aged 6-59
months are not target groups for influenza vaccination in the
Netherlands.

Influenza vaccines

Availability of vaccines in the Netherlands

The Dutch influenza vaccine market consists of two main segments--the
National Influenza Prevention Programme (NPG) and the private market.
The market share of NPG is about 96% and the private market is 4%.
RIVM is responsible for the procurement of the vaccines for the NPG.
The strain composition of seasonal influenza vaccines can change each
year, making a relatively short time available for vaccine production
each year. The WHO vaccine composition recommendation is issued late
February, and the vaccine production process takes about half a year.
To ensure that annual vaccines are ready despite the short
manufacturing timeline, they are procured from two different suppliers.

For the NPG target groups (see 82.2.1), influenza vaccines are free of
charge. The majority of these vaccinations take place at each person’s
GP practice, upon invitation. Each year more than 5,000 GPs receive the
vaccines they have ordered directly from the RIVM-DVP-dedicated
warehouse. At the end of the annual campaign, the GPs are reimbursed
depending on the number of vaccinations given.

People not within the identified NPG target groups can obtain an
influenza vaccination, upon payment, from their GP or sometimes their
occupational physician. In addition, according to prevailing professional
guidelines, hospitals and nursing homes offer vaccines free of charge to
their healthcare workers. In these cases outside of the NPG, the
influenza vaccines are purchased via wholesalers/ pharmacists in the
private market.

Since the private market is small (about 4%; 130,000 doses per
season), it is not attractive to manufacturers. Only the influenza vaccine
suppliers of the NPG will offer vaccines for the private market. For the
season 2019/2020, when quadrivalent inactivated vaccines will be
introduced in the NPG, Influvac Tetra (Mylan) and Vaxigrip Tetra
(Sanofi) will be available for both NPG and the private market.

Trivalent influenza vaccines will no longer be available for the Dutch
market.
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Besides the two quadrivalent vaccines that will be available on the Dutch
market, other influenza vaccines obtained market authorisation in the
Netherlands, but suppliers had not decided at this writing make these
vaccines available in the Netherlands.

In Table 2.1 an overview is given of the influenza vaccines currently
registered in the Netherlands by the Medicines Evaluation Board (MEB)
of the Netherlands and the European Medicines Agency (EMA).

In December 2018, Seqirus obtained European market authorisation for
Flucelvax Tetra, the only cell-based (MDCK) influenza vaccine so far,
which is registered for children > 9 years and adults.

In summary, the availability of influenza vaccines on the Dutch market
is strongly dependent on existing supply arrangements for the NPG.
Starting with the 2019/2020 season, it will be limited to two
quadrivalent inactivated vaccines.
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Table 2.1 Overview of market authorisation of vaccines in the Netherlands iMEB - 26—01—2019i

Seasonal influenza vaccines

Fluenza tetra Astra Zeneca Nasal spray, live X Children =24 months, 18 Is under
attenuated yrs consideration
Afluria Seqirus Inactivated / split X Children =5 yrs — adults
virion 0.5ml
Batrevac *) Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Children =36 months +
adults 0.5ml
Batrevac Tetra *) Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Children =36 months +
adults 0.5ml
Fluarix GSK Inactivated / split X Infants 6-36 months 0.25ml Latest market
virion Children =36 months + authorisation
adults 0.5ml 2016/2017
Fluarix Tetra GSK Inactivated / split X Infants > 6 months — adults
virion 0.5ml
Influvac Junior Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Influvac Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Children =36 months +
adults 0.5ml
Influvac Tetra Mylan Healthcare Inactivated / subunit X Children > 3 years In season 2020 also
Adults (18 years and older) infants 6 months — 3
yrs
Serinflu *) Abbott Inactivated / subunit X Infants 6-36 months 0.25ml
Biologicals Children =36 months +
adults 0.5ml
Vaccinflu *) Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Children =36 months +
adults 0.5ml
Vaxigrip Sanofi-Aventis Inactivated / split X Infants 6-36 months 0.25ml

Page 23 of 139




RIVM Letter report 2019-0002

Seasonal influenza vaccines

virion

Children =36 months +
adults 0.5ml

(Baxter)

adjuvant / wholevirus
Vero-cells

adults

Vaxigrip Tetra Sanofi-Aventis Inactivated / split X Infants 6 months — 17 yrs
virion 0.5ml
Adults 0.5ml
Xanaflu *) Mylan Healthcare Inactivated / subunit X Infants 6-36 months 0.25ml
Children =36 months +
adults 0.5ml
New: Seqirus Inactivated / subunit X = Children 9 years
Flucelvac Tetra Cell-culture based Adults 18 yrs and older
(MDCK)
Pandemic vaccines
Adjupanix GSK Pandemic (H5N1) NA NA Adults (18 years and older) Limited data available
AS03 adjuvant / split for 2x half vaccination
virion (day O and day 21)
infants 3-9 yrs
Aflunoy Seqirus Prepandemic (H5N1) NA NA Adults (18 years and older) Limited data available
MF59 adjuvant / for vaccination infants
subunit 6 months — 17 yrs
Focivia Seqirus Pandemic (H5N1) NA NA Adults (18 years and older) Limited data available
MF59 adjuvant / for vaccination infants
subunit 6 months — 17 yrs
Vepacel Nanotherapeutics Prepandemic (H5N1) NA NA Infants >6 months and Additional monitoring

required

*) These vaccines are indentical to Influvac Tetra and are back-up registrations for international marketing purposes
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Influenza vaccines
Currently available vaccines
Currently three types of vaccines are licensed: inactivated (whole, split
and subunit virions), live attenuated, and recombinant HA vaccines. Only
the first two types are widely available. Tables on clinical evaluation of
influenza vaccines can be found at
https://www.who.int/immunization/diseases/influenza/clinical_evaluation
tables/en.
Inactivated vaccines are the most frequently used, and most are
produced by growing the vaccine seed virus on eggs. Cell-based
inactivated vaccines are also available, but they are more expensive and
supply is limited. The inactivated vaccines can be used in all age groups
starting at age 6 months. The influenza viruses in these vaccines have
been chemically inactivated to prevent their causing influenza. One
intramuscular dose is sufficient, except for children between 6 months
and 8 years of age who have not received a seasonal influenza vaccine
in the previous year. They should receive two vaccine doses with at least
a 4-week interval.

Live attenuated influenza vaccines (LAIV) better mimic a natural
infection but are not recommended for use in children under 2 years of
age, pregnant women, persons with certain underlying conditions, and
immune-compromised individuals. Live attenuated vaccines should be
given as a single dose nasal spray. Children between 2 and 8 years of
age that did not receive an influenza vaccine in the previous year
require two doses. LAIV contains weakened forms of the virus that can
cause mild influenza signs or symptoms.

Recombinant HA vaccines are produced with a recombinant-protein-
expression system using insect cells and baculovirus. They can be
produced within 2 months, whereas other seasonal vaccines require 6-8
months of production time. The vaccine is licensed for use in adults 18
years and older.

Traditionally, seasonal vaccines are trivalent vaccines, i.e. containing
three different influenza viruses: two subtypes of influenza A and one
lineage of influenza B virus. More recently, quadrivalent vaccines have
been developed that protect against four influenza viruses: two
influenza A subtypes and two lineages of influenza B virus.

Development of next-generation vaccines

Several manufacturers are developing seasonal influenza vaccines with
improved effectiveness, e.g. using cultured cells instead of eggs for virus
preparation to increase NA content of the vaccine. They are also
developing novel classes of adjuvants or novel vaccine concepts such as
DNA or RNA or virus-like-particle vaccines.

Data suggest that high-dose vaccines with a higher NA content may
induce cross-protective antibodies, which would result in broader
protection by the vaccine. The advantage of DNA vaccines is that they
induce humoral as well as cellular responses, whereas inactivated
vaccines mostly rely on antibody production to achieve protection.

The ultimate aim is to develop vaccines which could provide long-lasting
(over multiple years) protection against a wide range of influenza virus

Page 25 of 139


https://www.who.int/immunization/diseases/influenza/clinical_evaluation_tables/en
https://www.who.int/immunization/diseases/influenza/clinical_evaluation_tables/en

RIVM Letter report 2019-0002

strains [65]. Several research projects are focussed on this ‘universal
influenza vaccine’, but many years are likely to elapse before such a
vaccine is available for routine vaccination programmes.
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Table 2.2 Currentli internationalli available vaccines and vaccines in develoiment

Inactivated Trivalent none IM egg > 6 months, Low reactivity yes
Higher doses > 3
years
Inactivated Quadrivalent none IM eqgg > 3 years Low reactivity yes
Inactivated/ Trivalent none IM egg > 65 years Higher antibody levels yes
High-dose
Inactivated Trivalent Squalene IM egg > 65 years Low reactivity yes
(MF59) Dose-sparing
Inactivated Quadrivalent none IM cells > 4 years Low reactivity, yes
No eggs required
Inactivated Whole virion AIPO4 gel IM > 60 years Early and late T-cell- Hungary

independent and -
dependent responses

Live attenuated Quadrivalent none Intra nasal spray > 24 months Local mucosal admin and yes
response
Higher response in children
Cross-reactivity
Antibody and cellular

responses

Herd immunity
Recombinant Trivalent none IM cells > 18 years No eggs required us
protein Higher antibody levels
RNA/DNA No eggs required No
vaccines Non-replicating

Added cellular responses
Virus-like Highly effective, long No
particle lasting antibody response

vaccines
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The current influenza vaccination programme in the Netherlands

Since 1975, the Health Council of the Netherlands has recommended
influenza vaccination for people who are at risk for developing
complications related to influenza. In 1997, the government introduced
the National Influenza Prevention Programme (NPG), making influenza
vaccination available for recommended target groups free of charge.

National coordination of the NPG has been delegated by the Minister of
Health to the RIVM-CvB. The National Influenza Prevention Programme
Foundation (Stichting Nationaal Programma Grieppreventie, SNPG) has
arrangements with GPs who invite target-group people within their
practice to come for vaccination. Purchasing and distribution of vaccines
is the responsibility of the RIVM-DVP.

GPs order influenza vaccines using the web application of SNPG. This
application is also used for the financial settlement of the orders. In
addition, healthcare organisations such as nursing homes, mental health
institutes and rehabilitation centres are allowed to order free influenza
vaccines at the SNPG for any residents who are in target groups but do
not have a GP. The administration of these vaccines is not reimbursed
through the NPG but through the Exceptional Medical Expenses Act
(Algemene Wet Bijzondere Ziektekosten, AWBZ).

The Dutch College of General Practitioners (Nederlands Huisartsen
Genootschap, NHG) has developed a protocol for GPs in cooperation
with the SNPG. An e-learning tool is available for GPs. For patients, an
infographic on influenza vaccination was produced by RIVM-CvB and
NHG [66].

Until 2018, a trivalent influenza vaccine was used in the NPG. From
2019 onward, a quadrivalent vaccine will be used on the advice of the
Outbreak Management Team (OMT). The OMT was organised by RIVM-
Clb in response to the long-lasting and severe influenza epidemic of the
2017/18 season, which was dominated by B/Yamgata whereas
B/Victoria was included in the trivalent vaccine. The OMT has also
advised higher vaccination coverage among healthcare workers, to
prevent transmission to patients. Vaccination of healthcare workers is
not included in the NPG, however, and its implementation and financing
are the responsibility of the employer.

Target groups for influenza vaccination

Currently influenza vaccination is recommended for the following groups

[67-69]:
e people aged 60 years and over;

e patients with abnormalities or a dysfunction of the airways and

lungs;

patients with chronic cardiac dysfunction;

patients with diabetes mellitus;

patients with chronic renal insufficiency;

patients who have recently undergone bone marrow

transplantation;

e people with HIV infection;

Page 28 of 139



RIVM Letter report 2019-0002

e children aged between 6 months and 18 years who receive long-
term salicylate therapy;

e people with mental retardation in residential institutions;

e people with reduced resistance to infection (e.g. because of
cirrhosis, functional asplenia, autoimmune diseases,
chemotherapy and immunosuppressive medication);

e residents of nursing homes who do not fall into one of the
categories above;

e family members of very high-risk individuals, e.g. patients with
serious abnormalities of or a dysfunction of the airways and
lungs, patients with severe liver or kidney failure, and patients
whose immune system is compromised;

e healthcare personnel in hospitals, care homes and nursing
homes;

e other healthcare personnel with daily direct contact with patients.
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Effectiveness of influenza vaccines and vaccination

Summary

VE of maternal vaccination

For seven consecutive influenza seasons, maternal influenza vaccination
has a mean vaccine effectiveness (VE) of 40% against hospitalisation for
influenza during pregnancy. Vaccination against influenza during
pregnancy also protects against laboratory-confirmed influenza in
newborns up to six months of age (VE 30%-79%).

VE in healthy children

VE in children is relatively high compared to other age groups. A meta-
analysis of RCTs among children 3-16 years of age, using LAIV, showed
a VE of 78%, comparable to results from observational studies.

VE in elderly individuals

The current inactivated influenza vaccines provide only moderate
protection against seasonal influenza in individuals of 65 years of age
and older. The protective benefit of influenza vaccination is especially
low for influenza A(H3N2) and decreases with increasing age. An
exception is influenza A(HLN1)pdmO09, for which vaccination seems to
provide relatively good protection.

Novel vaccines in elderly

Novel vaccine concepts and techniques such as high-dose vaccines,
adjuvanted vaccines and recombinant technique vaccines, show
promising results as demonstrated in both post- and pre-authorization
studies. All of these vaccines show better protection in elderly subjects,
compared with the traditional vaccines. This emphasizes the importance
to innovate and invest in new vaccines and vaccine production
techniques.

European VE studies

It is generally not possible to obtain high-precision VE estimates for the
Netherlands only. Pooled European estimates from the I-MOVE network
(in which the Netherlands participates) provide more robust estimates.
In the seasons 2009/2010 through 2017/2018, the adjusted overall VE
estimated by I-MOVE varied between 6 (95%CI -21 — 26) in 2011/2012
and 72 (95%CI 46 - 86) in 2009/2010. Average overall VE for these 9
seasons was 34%.

Measuring influenza vaccine efficacy and effectiveness

Vaccine efficacy

‘Influenza vaccine efficacy’ traditionally refers to the effect of the
vaccine in ideal, regulated circumstances. In general, it is measured in
randomised controlled trials (RCT), which in recent years are mainly
performed in healthy young persons.
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Vaccine effectiveness

Vaccine effectiveness (VE) refers to the effect of the vaccine in the
general population, daily practice, or in the field. In general, this is
measured in observational studies, like cohort or case control studies.

These are the definitions that we use in the present report, whereby the
acronym ‘VE’ represents vaccine efficacy as well as vaccine
effectiveness. It should be noted that Cochrane reviews use different
definitions. They define ‘vaccine efficacy’ as the reduction in laboratory-
confirmed influenza cases, and ‘vaccine effectiveness’ as the reduction
of influenza-like illness, assessed using non-viral endpoints.

A frequently used design for the estimation of influenza VE is the test
negative design (TND). It has evolved as an internationally accepted
standard that is used in the EU region (I-MOVE), the USA, Canada and
Australia. The relatively low number of specimens that is generally
available from sentinel GP surveillance results in broad confidence
intervals (CI) in influenza VE analyses, especially those analyses that
are stratified for age, influenza (sub)types with a low prevalence,
vaccine type or brand. To overcome this problem, the RIVM and Nivel
participate in the I-MOVE consortium and contribute data to annual
multi-country pooled influenza VE analyses [70, 71].

The VE can vary per season and geographical location, depending on the
match of the vaccine viruses with the circulating viruses, the individual
characteristics of patients, and the type of vaccine used. This variation
makes it difficult to compare estimates among studies and countries.

Compared to RCTs, observational studies are more prone to bias due to
observed and unobserved confounding. Over the past decade, however,
study design and data analysis methods have been developed and
validated to limit bias and control as much as possible for confounding.
This is particulary true for the TND that has been further developed and
harmonised within multi-country influenza VE networks.

Experimental study designs

Randomized controlled trial (RCT)

A RCT is a non-observational study. In this type of study, persons are
randomly assigned to experimental exposure groups. Comparisons that
can be made are: exposure vs non-exposure, exposure vs placebo and
exposure A vs exposure B. In this setting, ’'exposure’ refers to the
vaccine, and exposure to the influenza virus is not controlled. The
exposure groups are followed during a defined period, after which the
clinical outcome is observed and compared between the two groups. The
most reliable results are obtained if the participants do not know to
which exposure group they are assigned (=blinded). Ideally, the
researchers who are responsible for measuring the clinical outcome and
the data analysis also do not know which persons are assigned to which
exposure group (=double blinded).

In the recent literature very few new RCTs have been published that
study the efficacy of already existing influenza vaccines in risk groups.
However, RCTs that study the efficacy of new types of influenza vaccines
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compared to already existing vaccines are still being performed. In these
RCTs, the outcome is ‘relative efficacy’ instead of efficacy itself.

Observational study designs

Case control study

A case control study is an observational study design in which the
frequency of determinants (exposure) of persons with a disease (cases)
is compared with that in persons without the disease (controls). A case
control study is a retrospective study. Its typical epidemiological
outcome measure is the odds ratio (OR).

Cohort study

A cohort study is an observational study design in which persons with
and without certain exposure factors are compared. These groups are
followed during a defined time period, after which the clinical outcome is
observed and compared between both groups. A cohort study can have
a retrospective or a prospective design. In prospective cohort studies,
the persons are followed going forward, whereas in retrospective cohort
studies, the clinical outcomes have been established. Because the
outcomes have already been reached, the information is collected from
such sources as registries or questionnaires. The typical epidemiological
outcome measure from this type of study is the relative risk or risk ratio
(RR).

Test negative design (TND)

A study with a TND is a type of case control study that is frequently
used for the estimation of influenza VE. Cases are defined as persons
with ILI (or ARI) who have tested positive for influenza virus, whereas
controls are persons with ILI (or ARI) who have tested negative for
influenza virus. Frequencies (or, the odds) of being vaccinated are
compared between these groups, resulting in an OR.

Systematic review

A systematic review is a literature study in which the best available
published research on a specific question is compared and summarised.

Meta-analysis

A meta-analysis is a literature study in which results from published
studies are summarised quantitatively. A meta-analysis is sometimes
added to a systematic review.

Calculation of influenza VE

VE is calculated as VE = (1 - RR) * 100% in RCTs and cohort studies or
as VE = (1 — OR) * 100% in case control studies (including TND
studies).

A VE higher than 0 means that the vaccine has a protective effect on the
measured outcome. The higher the influenza VE, the higher the
protective effect. An influenza VE of O means there is no effect of the
influenza vaccine on the measured outcome. Theoretically, a negative
VE means that the vaccine increases the risk for the measured outcome.
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However, negative VE point estimates (or a negative value of the lower
bound/boundary of the 95% confidence interval) are mostly observed in
underpowered studies, i.e., in studies that have a sample size too low to
be able to demonstrate a significant effect. In this context, it should be
borne in mind that the lower the true effectiveness of the vaccine, the
higher the sample size required to obtain a significant result. In practice,
studies rarely have sufficient power to demonstrate an effect, which is
slightly above 0. Therefore, in these situations, negative VEs might be
found, simply due to chance.

Vaccine effectiveness of maternal vaccination

The WHO recommends seasonal influenza vaccination of healthy
pregnant women, and a growing number of countries provide such
vaccination. Among those are Australia, USA, Canada, most countries in
South America, South Africa, Scandinavian countries, the UK, Germany,
Belgium, France, Spain and Italy. Vaccination coverage in these
countries varies between 23% and 96%. The benefit of maternal
influenza immunisation for a newborn derives from the sustained
reduction in the risk of acquiring disease during the influenza season,
typically two to three months every winter in temperate climates.
Immunisation status outside this window is irrelevant. This is depicted in
Figure 3.1, which shows that only pregnancies starting in about May
through July could benefit from maternal vaccination, i.e., children born
in the epidemic period, which is typically January through March in the
Netherlands [72]. To assess potential benefits, it is critical to know
whether the pregnancy is vulnerable to maternal influenza disease at
particular time periods during gestation.
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Figure 3.1 Hypothetical temporal alignment of ongoing pregnancies with
influenza seasonality
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The pre-influenza season represents the time period in which influenza vaccines are
typically administered (shown here as September to December). The dark gray line
represents the proportion of specimens positive for influenza virus, and the shaded area
represents a typical influenza season, in this case defined as the first and last occurrence
of two consecutive weeks with >5% positive influenza specimens [72].

This phenomenon considerably complicates assessment of benefits of
maternal influenza vaccination.

Protection against infant influenza

Randomised controlled trials

The study by Zaman et al. paved the way for increased attention to
maternal influenza vaccination and its beneficial effects for mother and
child [73]. This RCT in Bangladesh showed that maternal influenza
vaccination was 63% effective (95%CI 5-85) in preventing infant
laboratory-confirmed influenza in infants up to 6 months of age.
Furthermore, vaccination reduced infant respiratory febrile illness by
29% and infant clinic visits for that disease by 42%.

Later, similar RCTs were performed in Mali, Nepal and South Africa, with
pregnant women vaccinated against influenza in their second or third
trimester [74-76]. VE estimates against laboratory-confirmed influenza
in infants up to 6 months of age were 33% (95%CI 4-54) and 30%
(95%CI 5-48) in Mali and Nepal, respectively [74, 75]. In the South
African trial, VE against infant hospitalisation due to all-cause acute
lower respiratory tract infection was 43% (95%CI 0-68) [76], and it
amounted to 49% (95%CI 12-70) against laboratory-confirmed
influenza in infants up to 24 weeks of age [77]. Infant VE decreased
over time and conferred most protection in the first two months after
birth [74, 75, 78].

The Forest plot of the main outcome of these RCTs, i.e., prevention of

laboratory-confirmed influenza infection in infants younger than 6
months, is depicted in Figure 3.2 [79].
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Study Risk

Study Years Country Ratio (95% CI)
RCT !

Zaman, et al. 2004-2005 Bangladesh 0.37 (0.15, 0.95)
Madhi et al. 2011-2012 South Africa —'I_ 0.51 (0.30, 0.88)
Tapiaetal. 2011-2013 Mali —:—’— 0.67 (0.46, 0.986)
Steinhoff et al 2011-2013 Nepal —=— 0.70 (0.52, 0.95)
Subtotal (I-squared = 0.0%, p = 0.487) <>  064(0.52 0.78)

Observational
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Figure 3.2 Prevention of laboratory-confirmed influenza infection in infants
younger than 6 months based on RCTs and observational studies on maternal
influenza vaccination (from [79]).

3.2.1.2 Observational studies
A recent systematic review of studies on influenza vaccination during
pregnancy to protect young infants against influenza, not only included
the RCTs described above but also three observational studies [79]. All
three studies found a significant protective effect of maternal influenza
vaccination in the prevention of influenza in their offspring up to six
months of age (Figure 3.2).

In another observational study, performed in Australia and including
31,028 mother-singleton infant pairs, maternally vaccinated infants
were less likely to be hospitalised for a severe respiratory infection than
infants of unvaccinated mothers (adjusted hazard ratio (HR) 0.75;
95%CI 0.56-0.99) [80]. In the period outside the influenza season,
there was no difference in hospitalisation rate for respiratory infections
between the groups.

3.2.2 Protection against influenza during pregnancy

3.2.2.1 Randomised controlled trials
In the RCT performed by Zaman et al., mothers who received influenza
vaccination were less likely to have respiratory illness with fever, as
compared to the control group (VE 36%; 95%CI 4-57) [73]. In the RCTs
performed in Mali, Nepal and South Africa [74, 75], VE against
laboratory-confirmed influenza in the pregnant women ranged between
31% (95%CI -10 - +34) and 70% (95%CI 42-86).
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Observational studies

A recently published observational study covering seven consecutive
influenza seasons in Australia, Canada, Israel and the United States
(Pregnancy Influenza Vaccine Effectiveness Network, PREVENT) showed
an overall VE of 40% (95%CI 12-59) against influenza-associated
hospitalisation during pregnancy, adjusted for site, season, seasonal
timing and high-risk medical conditions [81].

Other benefits of maternal influenza vaccination

Besides prevention of influenza in mothers and their newborns, other
findings are described. Secondary outcomes of two RCTs described in
this section suggest that mean birth weight increases after maternal
influenza vaccination, especially when the mother is vaccinated in the
third trimester and the baby is born during the influenza season [82,
83]. Likewise, an observational study showed a reduced likelihood of
prematurity (adjusted OR 0.28; 95%CI 0.11-0.74) and SGA births
(adjusted OR 0.31; 95%CI 0.13-0.75) [84]. However, methodological
shortcomings may have biased these results. Moreover, in-depth
analysis of the possibility of detecting true differences in adverse
pregnancy outcomes revealed the need for large sample sizes, which
were probably not achieved in the studies described above [85].

In summary, for seven consecutive influenza seasons, maternal
influenza vaccination had a mean VE of 40% against hospitalisation for
influenza during pregnancy. Vaccination against influenza during
pregnancy also protects against laboratory-confirmed influenza in
newborns up to six months of age (VE 30%-71%).

Vaccination programme and vaccine effectiveness in healthy
children

Current vaccination programmes

In the Dutch National Influenza Prevention Programme, healthy children
are currently not eligible for vaccination. Only children belonging to one
of the target risk groups as listed in paragraph 2.3.1 are offered
vaccination.

The WHO, however, recommends vaccination of all children aged 6—59
months [19], and a limited number of countries have implemented this
recommendation. In the United States, universal influenza vaccination is
recommended for all citizens from 6 months of age. In Europe, eight
countries have a vaccination recommendation for children, of which only
three (Finland, Latvia, and the United Kingdom [UK]) provide the
influenza vaccine to healthy children free of charge [86]. In England, the
Joint Committee on Vaccination and Immunisation (JCVI) recommended
in 2012 that the seasonal influenza programme be extended to all
children aged two to 17 [87]. The roll-out of this extended programme
is being phased in over a period of time, in order to ensure a
manageable and successful implementation process. Figure 3.3 gives
the vaccination schedule for the 2018/2019 season in UK/England.
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Which flu vaccine should children have?

There are two types of flu vaccine available for children in 2018/19 - the ‘live’ nasal spray vaccine and the

inactivated injected flu vaccine. This chart indicates which vaccine children should get
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Figure 3.3 Child influenza vaccination schedule for the 2018/2019 season in
England
Available at:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment
_data/file/735239/Which_flu_vaccine_should_children_flu_vaccine_2018 .pdf

3.3.2 Rationale for vaccination of healthy children

The main rationale for the WHO recommendation of vaccinating healthy
children is the high global burden of disease, especially among children
less than 2 years of age. By far the largest burden from severe
paediatric influenza illness and 99% of influenza-attributable paediatric
deaths occurs in developing countries [48]. The rationale to vaccinate
school-age children is that these children have the highest annual attack
rates for influenza and are the major spreaders of influenza in the
community and introducers into the household. Therefore, in addition to
the objective of protecting the individual, vaccinating children aims to
reduce transmission of influenza virus in the family, school and
community and reduce absenteeism of children from school and their
parents from work. Initial results from the UK indicate that vaccination
of healthy primary school-age children with live-attenuated influenza
vaccine (LAIV) at a moderate uptake of 58% is indeed associated with
population-level reductions in influenza-related respiratory illness [88].
These indirect effects through herd protection and the other impacts of
vaccination of children are covered in chapter 5.1.
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Influenza vaccine effectiveness in children

Two recent systematic reviews on influenza VE in children were
published in 2017 and 2018. Caspard et al. [89] performed a systematic
review and meta-analysis of 29 observational studies that assessed the
effectiveness of LAIV against laboratory-confirmed influenza since the
2009 pandemic in children and young adults. In some of the seasons
between 2010 and 2016, LAIV was suboptimally effective against
A(H1IN1)pdmO09 and less effective than inactivated influenza vaccine
(11V). LAIV was consistently effective against B strains and matched
A(H3N2) strains, but it was not shown to provide significant protection
against mismatched A(H3N2) strains in 2014-2015.

The Cochrane review by Jefferson et al. [90] concluded from 41
randomised clinical trials that, LAIV or 11V reduce influenza with
moderate to high-certainty evidence in children between 3 and 16 years
of age. In studies in which virologically confirmed endpoints were used,
evidence from RCTs shows that LAIV has an overall VE of 78% (RR 0.22,
95%CIl 0.11-0.41; 7,718 children 3-16 years; moderate-certainty
evidence). Evidence from RCTs shows that inactivated vaccines have a
lower VE of 64% (RR 0.36, 95%CI 0.28-0.48; 1,628 children 2-16
years; high-certainty evidence). The authors of the Cochrane review did
not identify a RCT in children under 2 years of age that fulfilled the
inclusion criteria. Although this Cochrane review was published in 2018,
it included only one recent original study, a RCT with LAIV among
children aged 2-4 years in Bangladesh by Brooks et al. [91], with a VE
estimate of 57.5% (95%CI 43-6%-68-0%).

The most recent original industry-funded RCT, which was not included in
the Cochrane review, involved healthy children aged 6-35 months from
13 countries over five influenza seasons. VE of an inactivated QIV with 4
months follow-up was estimated at 63% (97.5%CI 52%-72%), although
there were high levels of vaccine mismatch [92]. VE was highest against
moderate-to-severe disease.

In a case cohort study in the USA from July 2010 through June 2014,
influenza vaccination with any influenza vaccine was associated with
reduced risk of laboratory-confirmed influenza-related paediatric deaths
[93]. VE against laboratory-confirmed influenza-associated death was
65% (95%CI 54%-74%) in a group of children aged 6 months through
17 years. VE was lower in children with underlying medical conditions.
Another US study was conducted with a TND during two influenza
seasons (2010-2012) among children aged 6 months to 17 years
admitted to 21 US paediatric ICUs. VE was 74% (95% CI 19%-91%0) in
preventing life-threatening laboratory-confirmed influenza in children
requiring admission to the ICU [94]. In New Orleans, Louisiana, USA,
with a test-negative design, a combined VE of 61% was found for all
influenza vaccines (I11V or LAIV) for three seasons (2013—2016) among
children 1-17 years of age [95].

In a study in Canada, VE against laboratory-confirmed influenza
hospitalisations among children aged 6-59 months was estimated with
the TND in hospitalised children during the 2010/2011 to 2013/2014
influenza seasons [96]. For the four seasons combined, VE was 60%
(95%CI 44%-72%).
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Annual estimates of influenza VE from observational studies in Europe,
including data from the Netherlands, are available from the I-MOVE
(Influenza Monitoring Vaccine Effectiveness) consortium, but are not
specifically focused on children. In the 2015/2016 season, VE of
trivalent inactivated influenza vaccines against influenza A(H1N1)pdmO9
was moderate in children 0-14 years (and adults), and low against
influenza B [97]. However, confidence intervals of the VE estimates for
children are extremely wide due to the very low vaccination coverage
among children in Europe.

Countries in Europe (I-MOVE) and on other continents work together in
the Global Influenza Vaccine Effectiveness (GIVE) Collaboration to
provide interim (in-season) and final VE estimates. These estimates are
used by the WHO for the Vaccine Composition Meetings. The GIVE
report of 20th September 2018 contains results from observational
studies, including interim studies from the Southern Hemisphere 2018
influenza season and final season studies from the Northern Hemisphere
2017/2018 influenza season (Report compiled by the WHO Collaborating
Centre for Reference and Research on Influenza, Melbourne, Australia).
Final VE against influenza A and B in paediatric outpatients (<18 years)
ranged from 43% to 63% in five studies: Canada 43% (95%CI 9%-
65%); Europe (I-MOVE) 519% (31-65); Japan 63% (45-76); USA (two
different networks) 50% (40-59) and 47% (38-55). However, these
estimates may be influenced by large differences among countries in the
relative proportions of the different influenza subtypes and circulating
lineages and the relative use of TIV, inactivated QIV, or LAIV.

LAIV controversy

LAIV is administered intranasally and is often used for vaccinating
healthy children. The USA has a long-standing programme of
vaccinating children against influenza with use of LAIV. However, when
studies showed an apparent lack of VE of LAIV in 2015-2016,
particularly against A(H1IN1)pdmOQ9, the USA suspended the use of LAIV
in the 2016-2017 season. In 2015-2016, the UK and Finland, unlike the
USA, found evidence of significant VE of LAIV against laboratory-
confirmed influenza, and both the UK and Finland continued to
recommend the use of LAIV in children [98]. For the 2018-2019
influenza season, the US Centers for Disease Control and Prevention
(CDC) and its Advisory Committee on Immunization Practices (ACIP),
after an extensive review of all published studies from the USA and
Europe, again listed LAIV (quadrivalent) as a recommended option for
children who have no contra-indication for a live vaccine [99]. Also, in
2017, two improved backbones for use in producing vaccine seed
viruses for influenza A(HLN1)pdmO9 became available for the LAIV
vaccine, with improved replicative fitness over previous LAIV influenza
A(H1N1)pdmO9 vaccine strains. These are the Ann Arbor (American)
backbone and the Leningrad (Russian) backbone. However, the
Committee on Infectious Diseases [100] of the American Academy of
Pediatrics (AAP) recommended an inactivated influenza vaccine, either
TIV or QIV, as the primary choice for influenza vaccination of children
for the 2018-2019 season because the effectiveness of LAIV against
influenza A(HLIN1)pdmO9 was inferior during past influenza seasons and
was unknown for the upcoming season. Evidence is nevertheless
accumulating that LAIV with Ann Arbor or Leningrad backbone with an
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updated A(H1N1)pdmO09 component not only provides improved
replication but also elicits immune responses similar to those seen
before for LAIV with previous seasonal A(H1N1).

Vaccine effectiveness in the elderly

RCTs

In the most recent Cochrane review published in 2018, Demicheli et al.
[101] concluded that vaccinating elderly individuals reduces the risk of
influenza and ILI. Evidence from RCTs with laboratory-confirmed viral
endpoints showed that the risk of influenza is reduced from 6% in
unvaccinated elderly to 2.4% following vaccination with an inactivated
vaccine (VE 58% [RR 0.42; 95%Cl: 0.27-0.66]; n=2,217 elderly; low-
certainty evidence). RCTs with non-virological endpoints likewise showed
that vaccinated elderly experience less ILI (6% vs 3.5%) (VE 41% (RR
0.59, 95%ClI: 0.47-0.73); n=6,894 elderly; moderate-certainty
evidence). The authors graded the certainty of this evidence moderate
to low due to uncertainties in the way influenza was diagnosed, and they
explicitly mention that no firm conclusions can be drawn due to the
heterogeneous nature of the vaccines tested (monovalent, trivalent,
different strains), as well as the various settings, outcomes, populations
and study designs. Additionally, three of the included RCTs assessed the
effect of various types of inactivated aerosol vaccines, but the evidence
did not show a protective effect against influenza and ILI, probably
partly due to the small study population. The authors found no data on
hospitalisations for influenza-associated complications, and data on
influenza-associated deaths was sparse, limiting the possibility to draw
any conclusions. Although this Cochrane review was updated in 2018
with data current to 31 December 2016, the most recent RCT that
meets the criteria of eligibility dates from 2004. The absence of any
recent RCTs questions the representativeness of the review. In addition,
although the Cochrane collaboration does not include observational
studies in its reviews due to the suggested low-quality evidence of this
study design, the collaboration includes RCTs that report on non-
virological endpoints, such as ILI.

Systematic reviews and meta-analyses of observational studies

A recent meta-analysis of TND studies examined the effectiveness of
influenza vaccines in preventing severe influenza illness, defined as
laboratory-confirmed influenza needing hospitalisation [92]. The authors
reported a significantly lower seasonal VE for any type of influenza
among adults aged =65 years of age (VE 37%; 95%CI: 30-44)
compared to those <65 years of age (VE 51%; 95%CI; 44-58).
Influenza strain-specific estimates showed a lower protection in elderly
individuals compared to younger subjects against influenza subtype
A(H3N2) (VE 33% vs. VE 50%) and type B (VE 31% vs. VE 45%), while
the VE against influenza-related hospitalisations associated with
influenza subtype A(H1IN1)pdmO9 was similar for both age groups.

A recent meta-analysis by Darvishian et al. included studies of multiple
geographical regions and assessed the seasonal influenza VE in the
elderly. They reported a significant effect of influenza vaccination in
reducing the risk of laboratory-confirmed influenza among community-
dwelling elderly. The VE varied substantially across influenza type and
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subtype and was considerably higher when the vaccine matched the
circulating strain (matched vaccine; VE 44.4%; 95%CI: 22.6-60.0)
compared to seasons with low vaccine match (VE 20.0%; 95%CI: 3.5-
33.7). The VE was higher for influenza subtype A(H1N1)pdmO09 (VE
53.2%; 95%CI 10.3-75.6) than for A(H3N2) (VE 21.8%; 95%Cl: 2.3-
37.5). Additionally, adjusted estimates of all influenza types by age
showed a protective effect in those younger than 75 years old (VE 33%;
95%ClI: 17-45), but not among those older than 75 years (VE 16%;
95%ClI: -8-55). The substantial variation in VE across influenza virus
types and subtypes among elderly (=65 years) is also reported in the
systematic review and meta-analysis by Belongia et al. [102]. They
reported a VE of 63% (95%CIl: 33-79) against influenza type B; a
similar protective effect against influenza subtype A(H1N1)pdmO09 (VE
62%; 95%CIl: 36-78); and lower protection against influenza subtype
A(H3N2) (VE 24%; 95%CI: -6—45). Another recent meta-analysis by
Rondy et al. assessed TND studies and reported a VE of 37% (95%ClI:
30-44) against laboratory-confirmed hospitalised influenza among
people >65 years of age [103].

European estimates

For the past 10 years, annual influenza VE estimates for the EU based
on routine influenza surveillance systems in the participating countries
have been available through the I-MOVE consortium. These European
estimates showed a low to moderate VE among the elderly population in
different influenza seasons. The VE varied substantially per influenza
subtype, with the lowest protection against the influenza A(H3NZ2)
subtype. Pooled data from five European study sites in the 2017-2018
season showed a VE of 35% (95%CI 13-51) against hospitalisations
associated with any type of influenza among adults aged 65 years and
older [104]. These findings are similar to the overall VE of 39% (95%ClI:
22-53) observed in the 2015-2016 European influenza season [105].
Further influenza subtype analysis among those >65 years of age in the
2017-2018 season showed low protection (VE 37%; 95%CI: -40-72)
against influenza in primary care and hospitalisation-associated
influenza subtype A(H1N1)pdmO9 infections compared to those younger
(18-64 years of age; VE ranges between 60%-63%) [104]. A low
protection against influenza type A(HLN1)pdmO9 was also observed in
the 2015-2016 season, in which the VE was 42% (95%CI 22-57) for
hospitalisations and 13.2% (95%CI -38.0-45.3) for primary-care
medically-attended laboratory-confirmed ILI [105, 106]. VE against
hospitalisation for influenza type B ranged from moderate in 2015-2016
(VE 52%; 95%CI 24-70) to low in 2017-2018 (VE 34%; 95%CI 8-52).
Additionally, vaccination in the 2015-2016 season showed no effect
against influenza B laboratory-confirmed ILI (VE 9.3%; 95%CI -44.1-
42.9) [106]. Vaccination was not beneficial against influenza subtype
A(H3N2) associated hospitalisations in both the 2016-2017 and 2017-
2018 season, and showed a low protection at primary-care level as well
(VE 23.4%; 95%CI —15.4-49.1)[104, 107].

In summary, RCTs and meta-analyses of observational studies show
that the current influenza vaccines provide only moderate protection
against seasonal influenza in individuals 65 years of age and older, and
protection is lower than in younger adults. The protective benefit of
influenza vaccination is low for influenza type B and especially for
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influenza A(H3N2) and decreases with age. VE is considerably higher
against influenza A(H1N1)pdmO9.

Alternative vaccines

In the last decades, vaccines promising improved protection for the
elderly population were developed, including a trivalent inactivated
influenza vaccine containing the MF59 immunologic adjuvant (allV3)
and a high-dose inactivated trivalent vaccine (HD-11V3) containing a
four-fold hemagglutinin level (60 ug instead of the usual 15 ug per
vaccine component). In addition, broader coverage quadrivalent
inactivated influenza vaccines (QIV/11V4) were developed to address the
antigenic diversification of influenza B viruses. Recombinant vaccines
have reduced production time and do not develop egg-adaptations that
reduce antigenic likeness with circulating strains. These new vaccines
were authorised by the US Food and Drug Administration (FDA) and/or
the European Medicines Agency (EMA).

Adjuvanted influenza vaccines

Two cohort studies that examined the VE of adjuvanted vaccines among
community-dwelling elderly showed a significant impact in preventing
ILI (VE 70%; 95%CI 44-84). Both studies combined had only 498
observations and were performed in a year with low viral circulation but
with good vaccine match [101]. A meta-analysis of observational studies
evaluated the effectiveness of vaccination with MF59-TIV compared to
no vaccination against influenza-related outcomes in elderly living in
communities or long-term care facilities [108]. MF59-TIV was effective
(VE=50%) in preventing hospitalisation for influenza or not virologically
tested pneumonia and acute coronary and cerebrovascular events in
community settings, adjusted for possible confounders. Adjusted
estimates of VE (e.g., for underlying pathologies, sex and age) for
laboratory-confirmed influenza in both settings were 68%; however, the
95%CI was broad (5% - 82%). The relative VE of MF59-TIV in
comparison with intramuscular non-adjuvant vaccines tended to be
significantly higher; however, a meta-analysis for the latter was not
feasible due to the different study designs and outcomes.

High-dose influenza vaccines

To overcome the reduced immune response following vaccination in the
elderly, high-dose (HD) vaccines have entered the market. These
contain up to 60 pg of hemagglutinin per strain, rather than the
standard 15 pg antigen per strain, thereby potentially increasing the
immune response. A meta-analysis performed by Wilkinson et al. [109]
reviewed RCTs that compared high-dose vaccines to standard-dose (SD)
vaccines in community-dwelling elderly =65 years of age. The authors
concluded that the efficacy of HD vaccines in reducing laboratory-
confirmed influenza was 24% greater compared to that in individuals
receiving SD vaccination. A more recent meta-analysis assessed the
vaccine efficacy and effectiveness of HD-11V3 among elderly people
against more clinically relevant outcomes such as influenza-associated
hospitalisations and death [110]. Those authors also demonstrated that
HD-11V3 improved protection against influenza-like illness (VE 19.5%;
95%ClI: 8.6-29.0) compared to SD-11V3. Moreover, HD-11V3 was found
to be more effective in preventing hospitalisations from pneumonia (VE
24.3%; 95%ClI: 13.9-33.4), influenza (VE 17.8%; 95%CI: 8.1-26.5),

Page 43 of 139



3.4.4.3

3.5

3.5.1

RIVM Letter report 2019-0002

cardiorespiratory events (VE 18.2%; 95%CI: 6.8-28.1) and all-cause
hospital admissions (VE 9.1%; 95%ClI: 2.4-15.3).

Recombinant influenza vaccines

In recombinant influenza vaccines, the hemagglutinin is produced in
insect-cell cultures, avoiding the time-consuming process of generating
reassortant virus with high-replicating capacity and growth of virus
cultured in eggs or cells. In addition, vaccine viruses grown in eggs are
subjected to egg-growth-induced amino acid substitutions in the
hemagglutinin that potentially affect antigenicity. Indeed, these have
been associated with low VE against influenza subtype A(H3N2) [111]. A
recent RCT compared the protective efficacy of a quadrivalent
recombinant influenza vaccine with insect-cell-expressed hemagglutinin
((R1V4); 45 pg hemagglutinin per strain) with a SD quadrivalent
influenza vaccine ((11V4); 15 pg hemagglutinin per strain) in adults >50
years of age [112]. The trial was performed during the 2014-2015
influenza season in which influenza subtype A(H3N2) predominated and
antigenic mismatch of the vaccine strain with the circulating strains
resulted in low effectiveness of many vaccines [113]. They found a
lower attack rate of laboratory-confirmed ILI in the elderly (=50 years of
age) vaccinated with RIV4 (2.2%) compared to 11V4 (3.2%) and
concluded that RIV4-vaccinated individuals were 30% less likely to have
ILI. The relative VE of RIV4 over 11V4 in the subpopulation of those aged
>64 years was not found to be significant (VE 17%; 95%CI: -20 - 43).

In summary, adjuvanted and high-dose vaccines provide greater
protective benefits in elderly subjects, compared to the traditional
vaccines.

Effectiveness and efficacy of the influenza vaccination in people
with co-morbidities

People with chronic health conditions are at particular risk for developing
severe complications from influenza virus infection, which is an
indication for vaccination. Few studies have assessed the effectiveness
of influenza vaccination against several clinical outcomes in a population
with non-specific co-morbidities. Two case-control studies among adults
(=18 years of age) (one group living in Australia and another in Spain)
with at least one chronic condition reported that influenza-associated
hospitalisations were reduced about 50% following seasonal vaccination
with a trivalent inactivated influenza vaccine (TI1V) [114, 115].

Chronic obstructive pulmonary disorder (COPD)

In a 2018 Cochrane review [116] of people with COPD, inactivated
influenza vaccines (11V) significantly reduced the total number of
exacerbations per patient in two RCTs (n=180). Moreover, based on the
same RCTs, VE was 81% (95%CI 52—-93) against laboratory confirmed
influenza infections. No effect was observed on hospitalisations or
overall mortality. Although the review was published in 2018, the most
recent RCTs date from more than a decade ago and include a very small
number of participants. Nevertheless, similar effects were observed in a
recent review by Bekkat-Berkani et al. [117] of seven observational
studies that assessed the effectiveness of influenza vaccination in
patients with COPD in preventing adverse clinical outcomes such as
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ARI's, episodes of acute coronary syndromes, hospitalisations due to
COPD exacerbations and death. The authors observed a potential benefit
of vaccination in people with a mean age of =65 years suffering from
COPD, but they reported no outcome numbers, as a meta-analysis was
not possible due to the heterogeneity of the studies. The studies in both
reviews used mostly the trivalent inactivated influenza vaccine (TIV3)
given with standard dose antigen of 15 ug per strain. A trial conducted
in Thailand in 2004 among patients with COPD (mean age 68 years),
used a 2-fold higher antigen concentration and resulted in a VE of 76%
against acute respiratory illness [118]. Increasing the dose could
enhance the VE in older and/or more vulnerable groups, especially since
other alternatives, such as addition of a live attenuated vaccine, showed
no additional benefit in people suffering from COPD [116].

Asthma

The most recent Cochrane review by Cates and Rowe et al. [119]
focused on children aged =2 years and adults with stable asthma. The
authors included RCTs and pooled the data based on the type of vaccine
used, but the results were inconclusive. The review included one trial in
children aged 6—18 years that compared trivalent inactivated influenza
vaccine (T1V3) with placebo, which showed no significant reduction in
the number of asthma exacerbations. However, of the children that
became infected, those that had received vaccination reported an
improved health-related quality of life score compared to those who
were not vaccinated. Another more recent meta-analysis pooled VE data
from two TND studies performed in the US during the 2011-2012 and
2012-2013 season and showed that vaccinating people with asthma (>6
months of age) reduced the risk for laboratory-confirmed influenza (VE
45%; 95%CI 31-56; n=1,825) [120]. Additionally, these authors
reported multiple studies that observed a protective effect of influenza
vaccination against asthma attacks and other clinical outcomes. Pooled
estimates of LAIV among children in two RCTs showed a VE of 72%
(95%CI 20-90; n=2,229) against febrile illness, compared to no
vaccine. Multiple trials compared the use of LAIV (intranasal) with TIV3
(intramuscular) in children with a history of wheezing and asthma.
Fleming et al. [121] compared LAIV with TIV during the 2002-2003
season in children aged 6-17 years and found a lower risk of culture-
confirmed influenza illness following vaccination with LAIV (VE 35%;
95%CI 4-56), but they observed no difference in the incidence of
asthma exacerbations or asthma symptoms. Two other trials that
included children aged 2-5 years showed fewer cases of culture-
confirmed influenza illness in children receiving LAIV and documented a
VE of LAIV over TIV of 46.6% (95%CI 16.6—65.4) [122] and 39.9%
(95%ClI: -25.9-72.3) [123].

Cardiovascular disease

Cardiovascular disease includes disorders like coronary heart disease
(CHD), cerebrovascular disorders and peripheral arterial disease (PAD).
Most literature regarding cardiovascular diseases uses a composite of
major cardiovascular events as the primary or secondary endpoint. Such
events include cardiovascular death, hospitalisation for myocardial
infarction, stroke, unstable angina pectoris and hearth failure. Two
meta-analyses of RCTs were identified that assessed the evidence of the
efficacy of influenza vaccination in patients with known cardiovascular
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disease. First, a Cochrane review by Clar et al. [124] assessed the
potential benefit of influenza vaccination in adults with cardiovascular
disease. The pooled results of four RCTs showed that significantly fewer
cardiovascular deaths occurred among patients with known heart
disease in the vaccination group compared to the placebo group (RR
0.44; 95CI1% 0.26-0.76; P= 0.003). This significant reduction in
cardiovascular death was not observed in the specific subgroups of
patients with stable angina pectoris (RR 0.35; 95%CI| 0.07-1.73) or
acute coronary syndrome (RR 0.46; 95%CI 0.05-5.20). The risk for
composite outcomes of cardiovascular events tended to be lower, but
not significant, when patients were vaccinated for influenza. This is
consistent with the results of another meta-analysis where influenza
vaccination showed a significant reduction (RR 0.64; 95%CI| 0.48-0.86;
P=0.003) in the risk for composite major cardiovascular events
compared to controls [125]. However, no protective effect of vaccination
against cardiovascular mortality and all-cause mortality was
demonstrated. Additionally, patients with a history of recent acute
coronary syndrome were at lower risk of major cardiovascular events
following vaccination (RR 0.45; 95%CIl 0.32—0.63; P<<0.001), compared
to those with stable coronary artery disease (RR 0.94; 95%CI 0.55—
1.61). Neither review could identify significant differences in individual
(instead of composite) outcomes.

A number of observational studies have also addressed the VE in
patients with known cardiovascular disease. A meta-analyses of case-
control studies by Barnes et al. [126] aimed to estimate the association
between influenza vaccination and acute myocardial infarction. First, the
authors showed that recent influenza virus infections, ILI or respiratory
tract infections (RTIs) occurred significantly more often in patients with
acute myocardial infarction (OR 2.01; 95%CIl 1.47—2.76). Second, they
documented a significant beneficial association between influenza
vaccination and reduced acute myocardial infarction (VE 29%; 95%CI:
9-44). Additionally, a prospective cohort study in Australia among
adults with and without previous cardiovascular events reported a
protective effect of vaccination (VE 45%; 95%CI 15-65) against acute
myocardial infarction [127]. Another recent systematic review assessed
the evidence for the prevention of cardiovascular events and observed
that vaccination reduces the risk of cardiovascular events, probably by
reducing the risk of influenza infection [128]. They summarised the
evidence of randomized and non-randomized studies, in which the mean
age of patients was 65 years or older, and documented that influenza
vaccination seems to reduce the risk of cerebrovascular disease (OR
0.77; 95%CI 0.66—0.89) and all-cause death (OR 0.55; 95%CI 0.46—
0.55). This supports a recent study showing that the risk of the
development of cardiovascular events increased in the first period after
influenza virus infection, thus emphasising the importance of vaccination
in this group [129]. These randomised trials were similar to those
included in the previously mentioned meta-analyses (Clar et al. [124];
Udell et al. [125]).

Diabetes mellitus

A recent meta-analysis by Remschmidt et al. [130] included 11
observational studies and evaluated the effect of influenza vaccination in
patients with diabetes type 1 and type 2 in all ages. In diabetic patients
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aged 18-64 years, influenza vaccination seems effective in preventing
all-cause hospitalisations (VE 58%; 95%CIl 6—81) and influenza or
pneumonia associated hospitalisations (VE 43%; 95%CI 28-54),
although no effect on ILI and all-cause mortality was observed.
Influenza vaccination among elderly diabetics (=65 years of age)
showed a protective effect against all-cause mortality (VE 38%; 95%ClI
32-43) and hospitalisation (VE 23%; 95%CI 1-40), and hospitalisations
associated with influenza or pneumonia (VE 45%; 95%CI 34-53%) and
ILI (VE 13%; 95%CI 10-16). It should be noted that none of these
studies documented data on laboratory-confirmed influenza virus
infections, and most did not specify the type of diabetes or a
combination of both types. Furthermore, the reports concluded that due
to strong confounding in most studies, the evidence was insufficient to
determine the actual benefits that patients with diabetes might have
from influenza vaccination. Finally, a large retrospective cohort study
conducted in England during a 7-year period (2003-2004 through 2009-
2010) compared vaccinated vs unvaccinated adult patients with diabetes
type 2 [131]. A significant reduction in the risk for hospital admissions
due to heart failure (RR 0.78; 95%CI 0.65-0.92), stroke (RR 0.70;
95%CI 0.53-0.91) and pneumonia or influenza (RR 0.76; 95%CI 0.74—
0.99) was reported, as well as all-cause death (RR 0.76; 95%CI 0.65—
0.83) following vaccination.

Kidney disease

Remschmidt et al. [132] conducted a systematic review of five
retrospective cohort studies and assessed the VE in patients that
underwent renal replacement therapy (kidney transplantation, peritoneal
dialysis, hemodialysis) due to end-stage renal disease. Pooled estimates
demonstrated a significant protective effect of vaccination against all-
cause mortality (VE 32%; 95%CI| 24—39), cardiac death (VE 16%;
95%ClI 2—-29) and hospitalisations due to influenza or pneumonia (14%;
95%CIl 7—-20). The authors suggested that this small-to-moderate
positive effect of vaccination on influenza-associated clinical outcomes
could be considered sufficient, given the high rates of health-threatening
events in these patients; however, the quality of the evidence is
considered to be low.

A number of studies further addressed the VE in hemodialysis patients,
peritoneal-dialysis patients or kidney-transplant recipients. A
retrospective cohort study by Cohen-Hagai et al. [133] found that
influenza type A infections were associated with a worse prognosis
among hemodialysis patients, stressing the importance of influenza
vaccination. A more recent retrospective ecological study by the same
authors assessed the effect of influenza vaccination on the incidence of
influenza virus infections among hemodialysis patients in two
consecutive seasons (2014-2015 and 2015-2016) [134]. They reported
a significantly lower incidence of influenza following vaccination in
hemodialysis patients who also had diabetes (17% vs 6.3%), but they
observed no significant effect in hemodialysis patients without diabetes
(OR 0.63; 95%CI: 0.2—1.7). Furthermore, influenza vaccination is
associated with a lower risk of death and transplant failure in kidney-
transplant recipients in the first year after transplantation [135].
Following this study, a recent Japanese analysis retrospectively
evaluated the effect of influenza vaccination on the rate of influenza
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virus infections in kidney-transplant recipients. This study compared
patients receiving one or two doses of a quadrivalent influenza vaccine
to those unvaccinated, but observed no reduction in the rate of influenza
virus infections in the 2016-2017 season [136]. Finally, a retrospective
cohort study evaluated the effectiveness of influenza vaccination in
patients with end-stage renal disease undergoing peritoneal dialysis
[137]. The study showed that the vaccinated group of patients had a
15% (95%CI 8—-22) lower rate of hospitalisations. The risk was
especially reduced for hospitalisations associated with sepsis (hazard
ratio [HR] 0.79; 95%CI 0.65—0.96), cardiovascular disease (HR 0.74;
959%Cl 0.63-0.89) and overall mortality (HR 0.66; 95%CI 0.55-0.78).

In summary, despite limitations of many studies, there is considerable
evidence that influenza vaccination provides important benefits to
patients with COPD, asthma, cardiovascular disease, diabetis mellitus,
and kidney disease. However, many authors of reviews conclude that
there is a need for other vaccines that potentially provide improved and
broader protection than the traditional TIV.

Elderly people with comorbidities

Adults aged >65 years often have one or more conditions that increase
the risk of complications from influenza. This was estimated at 74% in a
recent American study, compared to 27% among adults aged 18-49
[138]. Elderly individuals comprise the overall majority of influenza-
associated hospitalisations and deaths, and those with chronic health
conditions have a particularly high risk. The most recent (2018)
Cochrane review regarding the effectiveness of influenza vaccination in
the elderly included a chapter that assessed the effectiveness in elderly
individuals that have one or more of the following underlying conditions:
lung disease, heart disease, renal disease, diabetes,
immunosuppression, cancer, stroke or dementia, vasculitis or rheumatic
disease [101]. It found no significant protective effect of vaccination on
clinical outcomes, except on all-cause mortality (VE 61%; 95%CI 3—-84;
n=68,032 observations; high heterogeneity [12 64.1%]). Additionally,
the European I-MOVE consortium conducted a multicenter TND case-
control study assessing the 2015-2016 influenza VE among community-
dwelling elderly (=65 years of age) against influenza A(H1N1)pdmO09
and influenza B hospitalisations [105]. It reported a moderate protective
effect against influenza type B hospitalisations in people with diabetes
mellitus (VE 62%; 95%CI 5-85), lung disease (VE 60%; 95%CI 18-80)
and heart disease (VE 36%; 95%CI -23-67), following vaccination with
TIV. Vaccination was also moderately protective against influenza
subtype A(H1N1)pdmO9 in hospitalisations of patients with diabetes
mellitus (VE 59%; 95%CI 23-78), lung diseases (VE 43%; 95%CI 8-
65), heart diseases (VE 39%; 95%CI 7-60), and cancer (VE 48%;
95%CI 5-71). Another recent meta-analysis of test-negative case-
control studies reported that influenza vaccination was associated with a
protective effect against laboratory-confirmed influenza among
community-dwelling elderly with respiratory (VE 31.2; 95%CI 2.4-51.5)
and cardiovascular (VE 31.5%; 95%CI 6.5—49.8) diseases [139].
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Immunocompromised patients

The efficacy of trivalent inactivated influenza vaccine was established in
HIV patients in a RCT that demonstrated fewer laboratory-confirmed
influenza virus infections but no significant effects on other clinical
outcomes [140]. Many reviews evaluating effectiveness have
summarised the benefits of the inactivated influenza vaccine in groups
of immunocompromised patients. In a review by Hak et al., influenza
vaccination was associated with reduced incidence of hospitalisation or
death in high-risk elderly patients [141]. An important observation in
this analysis was that the absolute risk reduction of influenza-related
complications was higher among high-risk elderly persons than among
healthy elderly persons, which stresses the importance of vaccination,
especially in the immunocompromised patients. Reductions in the
incidence of ILI after influenza vaccination have been demonstrated in
patients with cancer and solid-organ transplants [142]. In patients with
hematological malignancies, inactivated influenza vaccine may reduce
respiratory infections and hospitalisation in adults with multiple
myeloma or children with leukaemia or lymphoma [143]. An additional
benefit of influenza vaccination has been established in patients with
advanced colorectal carcinoma; patients who were immunised had fewer
chemotherapy interruptions [144]. Data on effectiveness in patients with
chronic inflammatory diseases is scarce, but lower rates of hospital
admission in vaccinated patients with systemic lupus srythematosus
(SLE) has been noted, [145] as well as lower rates of influenza-related
complications in patients with rheumatoid arthritis [146].

The immunogenicity of standard-dose inactivated influenza vaccine has
been established in cancer patients receiving chemotherapy for solid
tumors. Serological studies show that the magnitude of antibody
response can be lower in patients receiving chemotherapy compared to
healthy controls, but that seroprotection can be achieved in most
patients [147]. Serological studies demonstrate lower antibody titers in
patients with HIV infection [148] and those with solid organ transplants
[149]. Patients receiving immunosuppressive agents because of chronic
inflammatory disease may have reduced serological response to
influenza vaccine, depending on the type of agent that is used.
However, frequently prescribed agents in rheumatoid arthritis, such as
methotrexate and anti-TNF drugs, did not markedly depress antibody
response [150].

Annual influenza vaccination is recommended by all national and
international guidelines for specialists treating hematological or cancer
patients [61], HIV patients (NVHB guidelines, EACS:
http://www.eacsociety.org/files/2018 guidelines-9.1-english.pdf) and
patients with chronic inflammatory diseases [151].

Data on use of high-dose and adjuvanted influenza vaccines in
immunocompromised patients are scarce. High-dose trivalent influenza
vaccine did result in a significant increase in seroprotective antibody
levels in patients with HIV [148]. Clinical effectiveness of high-dose
influenza vaccine has been evaluated in patients on hemodialysis,
showing lower rates of hospitalisation compared to patients receiving
standard-dose influenza vaccine in some years [152]. More studies are
needed to determine clinical effectiveness of these vaccines before they
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can be recommended to all immunocompromised patients because of
increased immunogenicity.

In summary, immunocompromised patients have increased
susceptibility to influenza virus infection and increased incidence of
influenza-related complications. However, data are limited regarding the
use of influenza vaccines in the setting of specific immunocompromised
states. Effectiveness studies are relatively scarce, and the quality of
evidence is low. More data is available about immunogenicity of the
standard-dose than high-dose inactivated influenza vaccine.
Immunocompromised patients may experience various degrees of
decreased immunogenicity on receiving influenza vaccine. Regardless of
these findings, reviews as to effectiveness in several high-risk groups
consistently demonstrated clinical benefit of annual influenza
vaccination. An explanation is that the absolute benefits of vaccination
are highest among the high-risk people. Consequently, international
guidelines uniformly recommend annual vaccination of
immunocompromised patients. The advantages of newer influenza
vaccines may be of particular relevance for prevention of influenza and
influenza-related complications in these patients.

Vaccine efficacy and effectiveness in the Netherlands

Due to differences in healthcare systems, age distribution of the
population, and prevalence of co-morbidities, the estimated
effectiveness of a given influenza vaccine might differ among countries.
Therefore, we summarize here the most important recent results with
regard to influenza vaccine efficacy and effectiveness in the
Netherlands. Most of these studies were observational studies (TND as
well as ecological studies).

Darvishian et al. [153] and Van Doorn et al. [154] analysed data from
patients with ILI or other ARI from the Dutch sentinel surveillance. They
estimated influenza VE against laboratory-confirmed influenza virus
infection with a TND for the seasons 2003/2004 through 2013/2014.
The adjusted overall VE was 29% (95%CI 11-43). Adjusted VE was
lower in seasons with a vaccine mismatch (20%, 95%CI -5-38)
compared to seasons with a full or partial vaccine match (40%, 95%ClI
18-56). Strikingly, VE was low in seasons when influenza virus type
A(H3N2) circulated in high proportions, whereas VE was higher in
seasons when influenza A(H3N2) circulated in lower proportions.
Subtype/lineage-specific VE for all the influenza seasons covered by this
study (2003/2004 through 2013/2014) are shown in Table 3.1. These
estimates represent unadjusted estimates because the low numbers did
not allow for adding extra parameters in the model after stratifying for
subtype/lineage. Still, the 95% Cls are broad. Pooled European
estimates from I-MOVE (in which the Netherlands participates) might
therefore be regarded as more relevant estimates for the Netherlands
than the estimates based on Dutch data only. In the seasons 2009/2010
through 2017/2018, the adjusted overall VE estimated by I-MOVE varied
between 6% (95%CI -21-26) in 2011/2012 and 72% (95%CI 46-86) in
2009/2010. Average overall VE for these 9 seasons was 34%.
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Table 3.1 Subtype/lineage-specific unadjusted VE: overall estimates for seasons
2003-2004 through 2013-2014

Subtype/lineage VE (95%6 CI)
Former A(H1N1) 77% (37-92%)
A(H1IN1)pmd09 47% (2-64%)
A(H3N2) 20% (-4 -38%)
B (total) 64% (50-74%)
B Yamagata 59% (30-76%)
B Victoria not available

Sourced from: Darvishian et al. [153]

Another study by Van Doorn et al. [155] on the same data
demonstrated that the VE differed when different control groups were
used. The overall adjusted VE was 35% (95%CI 15-48) using the
control group ‘negative for influenza virus (all influenza negative);’ 64%
(95%CI 49-75) using ‘negative for influenza virus, but positive for
respiratory syncytial virus, rhinovirus or enterovirus (non-influenza-
virus-positive),” and 21% (95%CI 1-39) using ‘negative for these four
viruses (pan-negative)’. The authors conclude: ‘In both the main and
subgroup analyses, VE estimates were the highest using non-influenza
virus positive controls, likely due to limiting inclusion of controls without
laboratory-confirmation of a virus causing the respiratory disease.’ This
study shows that methodological choices can have a large impact on the
estimate of VE, which should be kept in mind when interpreting TND VE
studies. Most studies using the TND method to estimate VE, including I-
MOVE, use the ‘negative for influenza virus (all influenza-negative)’
control group, because influenza surveillance usually does not include
detection of pathogens other than influenza virus.

Van Beek et al. [156] performed a study among a cohort of community-
dwelling elderly persons in the winters of 2011-2012 and 2012-2013.
Nose and throat swabs were taken when these persons had an episode
of ILI and from a control group with the same distribution of age and
time within the season. These swabs were tested for a range of
pathogens, including influenza virus. VE against all influenza subtypes
was 73% (95%CI 26-90) in 2011-2012 and 51% (95%CI 7—74) in
2012-2013 in ILI patients. However, ILI incidence was similar between
vaccinated and nonvaccinated participants in both seasons.

Three ecological studies were published in the last decade that analysed
the association between influenza vaccination and outcome in the
Netherlands [157-159]. The studies of Spruijt et al. and Dijkstra et al.
studied the association between influenza-vaccination coverage and ILI.
Dijkstra et al. [157] found that ILI incidence in the elderly declined by
1.7 per 10,000 persons (P=0.05) per percentage vaccine uptake per
season in the period 1991-2005. During the period 1991-2014, Spruijt
et al. [159] did not find a significant decline in incidence rate per
percentage point increase in vaccination coverage for the elderly in the
Netherlands. However, they did find a significant negative correlation
between vaccine coverage and ILI incidence in the total population (p=-
0.60, p=0.003). Nevertheless, because of the ecological design of both
studies, it is not clear whether this association indicates a causal
relationship.
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Immunity induced by influenza infection and vaccination

Immunity to influenza virus after infection serves three purposes:
clearance of the infection, protection against severe disease and
protection against subsequent infection. Antibodies produced by B cells
with helper T cells can prevent infection. Cytotoxic T cells (CTLs) will
interfere with disease progression and limit dissemination of the virus
through the host and to other individuals. An important component of
the immune response is the generation of memory cells that can be
more rapidly recruited on re-infection: this recall response can occur
within 5 days, whereas the initial response takes 8-14 days.

Because influenza virus changes its surface proteins constantly, long-
term sterile protection by antibodies does not occur, and the role for
cellular immunity against the less variable internal proteins is therefore
essential [160].

In general, inactivated influenza vaccines (11V, either trivalent [TIV] or
quadrivalent [QIV]), which are given intramuscularly, will induce strain-
specific serum antibody responses to the included vaccine viruses;
associated B cells, including memory B cells; and possibly a limited
CD4+ T-cell response [161, 162], but no CTL response.
Live-attenuated influenza vaccines, which are given intranasally, will
induce immunity by all arms of the immune system, including innate
immunity help; a strong T-cell response, with CTLs and memory cells;
and local mucosal immunity.

The effect of LAIV is reduced by existing influenza-specific immunity and
is therefore more appropriate for use in vaccine-naive children.
However, adults and the elderly can benefit from the use of a LAIV
vaccine owing to the induction of mucosal immunity by these vaccines
[163].

Role of the different components of the immune system in protection
against influenza virus infection induced by vaccination

Innate immunity

The innate immune system is the non-specific first line of defense
against influenza viruses and is strongly activated by so-called ‘danger
signals’, which are inherently present in viruses but may also be
provided by adjuvants in vaccines. The innate system steers and
supports activation of cells of the adaptive immune system. It is a highly
complex network of cells and chemicals that offers generally beneficial
protection, but only to a limited degree, because influenza virus
expresses proteins that counteract the innate responses of the host. In
addition, the severity of its response to influenza virus infection can
contribute to disease in the airways. The innate system has no immune
memory, but it activates the adaptive immune response. It can,
however, also respond directly to vaccines, particularly those that are
live and adjuvanted, and contribute to reactogenicity to the vaccine.

Adaptive immune response

Antibodies

Antibodies protect against influenza virus infection by preventing
infection of cells. They are generally strain-specific. Antibodies appear
within about 2 weeks after vaccination and can circulate for years to
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prevent subsequent infections by the same strain of a particular subtype
virus, but they become gradually less effective against drifted strains
[164]. The first line of antibody defense is at the respiratory epithelium.
Antibodies of type IgA that are present in the mucosal layers can
neutralize the virus before it ever appears in the host. 1gG antibodies
induced by intramuscular vaccination are present in the blood and are
responsible for systemic and transmucosal responses.

11Vs do not induce IgA antibodies, but high levels of 1gG antibodies may
reach the mucosal layers and also play a role in local protection. LAIVs
do induce IgA. It has been shown that mucosal immunity is not as long-
lasting as systemic immunity, but it does extend over the influenza
season [165]. IgG antibodies induced by I1Vs and most other vaccines
circulate in the blood and prevent the spread of the virus.

The usefulness of 11Vs for long-term protection against a specific
influenza virus subtype strain is limited not only because immunity
slowly wanes, depending on the vaccine and on age, but also because
influenza virus can escape from induced immunity by continuously
changing its surface proteins. In addition, as described in 3.7, repeat 11V
vaccination may lead to less potent immune responses. Therefore, much
effort is being made to develop vaccines that induce antibodies in
regions of influenza surface proteins (mostly HA) that are highly
conserved among influenza virus subtypes or even types, such as all A
viruses. These regions are considered highly essential for virus viability
and therefore cannot be adapted by the virus, but they are poorly
immunogenic; thus, clever strategies are needed to force direction of
the immune system at those sites. It is estimated that within 10 years
these new vaccines may reach the market. Only a large-scale
introduction will make it possible to establish whether these regions are
truly essential to influenza viruses, such that the virus cannot introduce
escape mutations.

Cellular immunity

Vaccination induces B-cell memory in the antigens in the vaccine. In
subunit vaccines, this memory is against the surface proteins HA
(primarily since the amount is standardised) and NA (amount not
standardised; only the presence is required). In split vaccines and
LAIVs, some internal proteins may also be targeted. CD4+ helper T-cells
are required to select B-cells that produce high-affinity antibodies.
Whether 11Vs are efficient in inducing these cells is still a matter of
debate, although recent reports demonstrate strong CD4+ responses
after vaccination against A(HLIN1)pmd09, which are even augmented
after repeat vaccinations over 5 years [166]. The effectiveness of 11Vs is
also suggested to rely on the existence of a memory CD4+ cell pool
acquired with earlier infections. LAIVs can efficiently induce CD4+ cells
on their own.

CTLs, which are needed to eliminate the virus-infected cells, are not
induced by 11Vs. Thus, the ability to use this essential arm of the
immune system relies on either prior infection or vaccination with LAIVs.
It has been suggested that 11V vaccination of children who have not
seen an influenza virus before will have the detrimental effect of
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depriving them of a CTL capacity to clear infections [167]. To date, this
possibility has neither been confirmed nor ruled out.

In contrast to antibodies, CD8+ T-cells (cytotoxic T-cells) can recognize
internal influenza virus proteins presented to them by cells that have
been either infected or have interacted with virus-infected cells. Internal
viral proteins are more conserved between influenza viruses of the same
subtypes than the surface proteins; therefore, these T-cells have the
advantage of providing cross-protection against disease caused by
different strains of the same influenza subtypes.

Evidence is mounting that the first influenza virus encountered in life,
either by infection or after LAIV vaccination, confers a preference in the
immune response of the host towards that subtype of viruses. This
imprinting or ‘original antigenic sin,” determines all subsequent
responses to different influenza viruses during life. Influenza A viruses
are grouped into two major subtypes based on HA similarity, and the
imprinting distinguishes these two groups; one group contains the H1,
H2, H5, H6, H8, H9, H11, H12, H13, H16, H17, and H18 subtypes, and
the second group includes H3, H4, H7, H10, H14, and H15 subtypes.
Primary infection with a subtype from one group of influenza viruses will
always give better protection against re-infection with subtypes from the
same group than subtypes from the other. This has an impact on
vaccine responses, as well [168-170], but the underlying mechanism is
still unclear.

Effect of age on immunity to influenza virus induced by vaccination

It is well established that the immune response to influenza vaccines
develops with age and is highly heterogeneous among individuals.
The immune response of very young children to influenza vaccination
has not been well studied. It is known that from 6 months of age (the
age at which influenza vaccination is recommended in the USA),
children’s immune response to LAIVs is broader than to 11Vs, but both
are protective. Some studies show an induction of memory CD4+ cells
[161], but other have failed to detect T-cell immunity after 11V
immunisation in this age group [171]. As described, vaccination of
young children with 11Vs may have a negative effect on the induction of
CD8+ cell immunity. For neonates, studies have shown that maternal
antibodies that are acquired by the mother after vaccination during
pregnancy may protect for up to 6 months against matching influenza
strains.

In the elderly, whose immune capacity slowly declines, influenza
vaccines less effective than in younger adults or children. This may be
overcome partly by different vaccination strategies, such as
administration of the vaccine closer in time to the average start of the
influenza season [172] or use of other routes of immunisation or higher-
dose or adjuvanted vaccines, as was recently demonstrated [173].

Immunological data show that a single influenza vaccine for all ages is
unlikely to work optimally. Currently, only inactivated and live
attenuated vaccines are available for protection against influenza virus.
11Vs have the advantage of easy adaptation to the needs of different
ages and groups. For those who have an impaired immune response,
such as the elderly or certain risk groups, the doses of I1Vs can be
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varied; they can be adjuvanted for better protection by recruiting innate
help; and their route of administration, which can be either
subcutaneous or intramuscular, can be adapted. However, 11Vs also
have disadvantages, most significantly their inability to induce a CTL
response needed to clear infection and limit disease. Their use in naive
individuals, particularly children, should be considered with caution.
LAIVs have the advantage of producing an immune response that closely
resembles that induced by infection, including local mucosal immunity.
They have the potential of inducing a broader, more cross-protective
immune response. However, a disadvantage of LAIVs is that existing
immunity, except for local immunity, may affect their efficacy, which
may make them less suitable in adults and the elderly. When no prior
immunity exists, such as in children or in a pandemic setting, these
vaccines are potentially very effective.

Effect of repeated vaccinations

People with an indication for influenza vaccination should receive the
seasonal vaccine every year. This means many vaccinations in a lifetime
and an increasing number of vaccinations per individual with expansion
of age criteria for vaccination. For example, in the US, annual influenza
vaccination is now recommended for all residents =6 months of age,
and a child born in the US today can therefore expect to receive 70-80
annual influenza vaccinations. In this context, the effect of repeated
vaccination on VE has become an important topic for research and
debate.

A possible negative effect of repeated influenza vaccination on VE was
first reported by Hoskins et al. [174] in an article in the Lancet. In a
boy’s boarding school in England, there were three outbreaks of
influenza in 1972, 1974 and 1976. In every outbreak, vaccination was
protective only among boys who were not previously vaccinated. This
publication was followed by several studies that showed inconsistent
results. Keitel et al. [175] performed a multi-season randomized clinical
trial that showed some variation in infection rates between vaccine
groups given one or more than one annual vaccination, and between
years, but no consistent pattern of differences was noted in relation to
number of successive years of vaccination.

Since then, several observational studies and meta-analyses have
reported inconsistent results of the effect of previous vaccination on
current season influenza VE. The review by Belongia et al. [176] stated
that ‘Substantial heterogeneity in repeated vaccination effects is not
surprising given the variation in study populations and seasons, and the
variable effects of antigenic distance and immunological landscape in
different age groups and populations. Caution is required in the
interpretation of pooled results across multiple seasons, since this can
mask important variation in repeated vaccination effects between
seasons. Multi-season clinical studies are needed to understand
repeated vaccination effects and guide recommendations’.

Results from the I-MOVE consortium over the years 2011-2012 through

2016-2017 show no clear pattern of previous influenza vaccination
effect, and the need for prospective cohort studies documenting
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influenza infections, vaccinations and vaccine types to understand
previous influenza vaccinations' effects was reiterated [177]. The most
recent systematic review and meta-analysis by Bartoszko et al. [178]
concluded that “Available evidence does not support a reduction in VE
with consecutive influenza vaccinations, but the possibility of reduced
effectiveness cannot be ruled out due to the very low certainty of this
evidence”.

Various hypotheses have been proposed to explain an effect of repeated
vaccination. The antigenic distance hypothesis was proposed by Smith
et al. [179] as an explanation for contradictory findings in earlier
studies. It implies that the response to antigen in a second vaccine will
be partially eliminated by pre-existing cross-reactive antibodies that
were induced by the first vaccine. Negative interference from prior
vaccination will occur when the antigenic distance between vaccine and
circulating strains is large but when the distance between consecutive
vaccine components is small. The antigenic distance hypothesis was
presented as an explanation for the findings of a Canadian study in
which persons vaccinated only in the current season had stronger
protection against influenza A(H3N2) infection than those having had
repeated vaccination [180]. The alternative original antigenic sin
hypothesis suggests that exposure to influenza antigens can
preferentially expand pre-existing memory responses to historical virus
antigens at the expense of de novo responses to the current vaccine or
infecting strain. The infection block hypothesis suggests that previously
vaccinated individuals do not have the cross-protective immunity
provided by natural infection [181]. The immune exhaustion hypothesis
suggests over-activation of negative feedback mechanisms, and finally,
the immunosenescence hypothesis is built on the ageing of the immune
system. Despite the many studies undertaken, at this point none of the
potential immunological hypotheses can be discarded.

Effects of previous vaccination seem to be dependent on several factors,
including the circulating influenza strain, with A(H3N2) causing more
problems than influenza B and influenza A(H1IN1)pdmOQ9; the season,
with possible antigenic drift in circulating strains or change in vaccine
strain; and individual characteristics such as age, occurrence of other
infections, and genetic background.

Fundamental studies on humoral and cellular immunological response to
vaccination and infection and large-scale integrated prospective
immunological-epidemiological studies would provide more insight.
However, such studies are very costly and might be redundant if
universal influenza vaccines become available.

Intraseasonal waning of immunity

A common assumption in studies of influenza VE is that individuals for
whom the vaccine is effective will remain protected for the entire
duration of the influenza season. However, vaccine-induced protection
may be lost during a season when the influenza virus is still actively
circulating, a phenomenon that is called ‘waning intraseasonal immunity’
[182]. Although the underlying immunological mechanisms and potential
epidemiological biases are not yet clarified, there is increasing evidence
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that VE towards the end of the influenza season is lower than in the
beginning. In the US Influenza Vaccine Effectiveness Network, pooled
data from the 2011-2012 through 2014-2015 influenza seasons showed
a maximum VE shortly after vaccination, followed by a decline of about
7% per month [183]. Pooled data from the influenza seasons from 2010
to 2014 in the European I-MOVE network showed a decline in VE for
influenza A(H3N2) to 0 after 111 days post-vaccination, and VE for
influenza type B declined from 70.7% to 21.4% after the end of the
season. VE for influenza A(H1IN1)pdmO9 remained above 50% [184]. In
a study in England, the influenza VE for those vaccinated less than three
months previously was 53%, but only 12% for those vaccinated three
months or more before the onset of an influenza-like illness [185]. In an
Australian general practitioner (GP) sentinel network in the 2012
influenza season, there was a (non-significant) decline in VE from 37%
in patients vaccinated <93 days before presenting to their GP to 18% in
those presenting with ILI >93 days after vaccination [186].

Waning intraseasonal immunity has obvious public health implications. A
better understanding of the underlying mechanisms is needed, and
might eventually open a discussion on changes in the timing of vaccine
administration.
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Safety and (adverse) consequences of Influenza vaccination

Summary

Inactivated influenza vaccines have a good safety profile and are
recommended for children of six months of age and older, the elderly,
asthmatics and those individuals with other high-risk conditions.
However, adverse events do occur. Some adverse events, such as fever
and febrile seizures, are more common in children than in adults.
Symptoms due to adverse events are usually transient. Severe allergic
reactions to influenza vaccines are very rare, estimated at less than 1 in
a million doses. During some influenza seasons, vaccines have been
associated with a slight increase in the risk of Guillain-Barre syndrome in
adults, although the findings in several studies are inconsistent.

For live-attenuated influenza vaccine, wheezing is one of the most
frequent side effects in children aged 6-23 months. As a result, these
vaccines are currently not recommended for children aged less than two
years.

Influenza vaccination during pregnancy is safe. The tolerability of this
vaccination is similar to that in healthy adults who are not pregnant.
Furthermore, no increased risks of adverse pregnancy outcomes for
mother and child are found, in either the short term or in the long term.

GLOSSARY

Adverse event (AE)
Undesirable experiences occurring after immunisation that may or may
not be related to the vaccine.

Adverse event following immunisation (AEFI)

Any untoward medical occurrence that follows immunisation but does
not necessarily have a causal relationship to the vaccine. The adverse
event may be any unfavourable or unintended sign, abnormal laboratory
finding, symptom or disease.

Adverse reaction

A classification of AEFI referring to events caused or precipitated by the
vaccine when given correctly, caused by the inherent properties of the
vaccine.

Acute adverse event/reaction
A short-term, intense health effect

Local adverse event/reaction
Restricted or limited to a specific body part or region.

Mild vaccine reaction

A vaccine reaction that usually occurs within a few hours of injection,
resolves after a short time and poses little medical danger.
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Passive surveillance (also referred as spontaneous reporting)
A surveillance system designed to collect adverse events that follow
vaccination. This type of surveillance typically relies on health
professionals, patients or relatives of patients who notice and report
such events to the NRA or appropriate authority.

Reactogenicity
Being able to produce adverse reactions.

Safety profile

A summary of the evidence on the safety of a medical product, such as
a vaccine or drug, under ideal conditions of use, including the incidence
of any adverse reactions relative to the number of doses given.

Serious adverse event (SAE)

A regulatory term defined as any untoward medical occurrence following
any dose that results in death, requires inpatient hospitalisation or
prolongation of existing hospitalization, results in persistent or
significant disability/incapacity, or is life-threatening.

Solicited data

Data derived from organised collection systems, which include clinical
trials, registries, post-approval named patient use programmes, other
patient support and disease management programmes, surveys of
patients or healthcare-providers or information gathering on efficacy or
patient compliance.

Systemic
Relating to a system, or affecting the entire body or an entire organism
(e.qg., fever).

Unsolicited data
Data from spontaneous reports, literature reports and other sources
such as lay press, internet or digital media.

History and overview of safety of influenza vaccination

The safety of influenza vaccines is a critical factor in maintaining public
trust in the vaccination programme. In many countries, influenza
vaccines are recommended for children, adults, the elderly and healthy
pregnant women. Since these vaccines are not only administered to risk
groups but also to healthy people, they need to comply with a high
safety standard.

During the past 80 years, many different production methods have been
used to produce influenza vaccines. Some adverse events causally
associated with inactivated influenza vaccines have been attributed to
differences in production methods. For example, fever was very
common in young children following whole-virus influenza vaccines
produced many decades ago, and febrile seizures occurred at
unacceptable rates. Therefore, these influenza vaccines were rarely used
in children [187]. Adverse events with these vaccines were dose-related.
In the 1960s, a new type of vaccine, the split vaccine, was authorised in
the US after clinical studies demonstrated that it was less reactogenic
than whole-virus vaccines, especially in the early years of life [188]. The
first subunit vaccine was created between 1976 and 1977. This
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innovative tool proved to be well tolerated in humans, especially in
children [188]. In the past 20 years, scientific research has resulted in
new immunization techniques, which may be better tolerated during
administration and thereby reduce adverse events. For example, in 2003
the FDA in the United States authorized the use of a live attenuated
vaccine administered intranasally in adults [188]. More recent years saw
the development of adjuvanted vaccines, such as those containing alum
adjuvants and the oil-in-water adjuvant. In general, these adjuvants are
safe and well tolerated, though they may increase local reactions,
particularly pain at the injection site. In addition, there have been some
rare adverse events with adjuvanted vaccines at a population level. A
small risk of Bell’s palsy was seen after the intranasal administration of
an influenza vaccine with a heat labile enterotoxin as an adjuvant (13
excess cases per 10,000 vaccinees), and narcolepsy has been seen after
ASO03 adjuvanted vaccination, particularly in individuals with a specific
haplotype [189]. In 2011, the FDA first authorized an intradermal
influenza vaccine, although local reactions were more common after
intradermal administration than after intramuscular injection of regular
influenza vaccines [2]. In 2012, the first quadrivalent vaccine was
licenced in the USA. This split vaccine contains two influenza A subtype
(H1IN1pdmO09 and H3N2) antigens and influenza B antigens of both
lineages, and maintains the same safety profile as standard trivalent
vaccines.

Overall, changes in manufacturing processes for influenza vaccines have
been made during the past 40 years, which have resulted in decreased
rates of fever and local reactions, but most of these changes have not
been outlined in the published literature [187]. In the next paragraphs,
the safety of TIV, QIV and LAIV are described.

Safety of trivalent inactivated influenza vaccine (TI1V)

General

TIV vaccines are generally considered safe, although transient local
reactions at the injection site occur frequently (>1/100). Also, fever,
malaise, myalgia and other systemic adverse events may affect persons
without previous exposure to the influenza vaccine antigens, such as
young children [19]. In general, such adverse events occur less
frequently in adults [190]. A post-licensure population-based study
assessing TIV safety in 251,600 children aged <18 months (including
8476 vaccinations in children aged 6-23 months) did not reveal evidence
of important medically-attended events associated with TIV [191].
Similarly, no new safety concerns emerged after a review of 15 years of
post-licensure surveillance data covering nearly 750 million TIV
vaccinations in the USA [192]. However, in 2010 in Australia, an
increase in febrile convulsions was observed, although this involved only
one brand of vaccine(i.e., Fluvax and Fluvax Junior) [193]. A review of
the safety of TIV administration showed that high fever rates were
correlated with this vaccine in young children, although it was not
possible to attribute this association to the TIV-strain composition [194].
Another study showed that the incidence of local reactions and systemic
adverse events in overweight and obese children after a standard dose
(SD) of TIV (i.e., Fluarix) was comparable in these children and normal-
weight children [195].
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Studies that examined the risk of serious adverse events after TIV are
described below.

Anaphylaxis

In 2008, a case of anaphylaxis after influenza vaccination was published
[196]. Another study investigated the annual frequency of anaphylaxis
following immunisation, a rare AE that can be life-threatening and
causes hospitalisation within 48 hours after immunisation [197]. The
study was conducted on subjects younger than 18 years in Germany
between June 2008 and May 2010. During this period, one notification of
anaphylaxis after administration of seasonal influenza vaccine was
received. In a study using the Vaccine Safety Datalink, the rate of
anaphylaxis was 1.35 (95%CI 0.65-2.47) per million doses of TIV [198].
Therefore, administration of TIV is contraindicated in cases of severe
allergic reaction (e.g., anaphylaxis) after a previous dose or a reaction
to a vaccine component, including egg protein [19, 199].

Guillain—Barré Syndrome

During some influenza seasons, TIVs have been associated with a slight
increase in the risk of Guillain-Barre syndrome (GBS) in adults (relative
incidence 1.45; 95% CI 1.05-1.99) [200]. However, there are
inconsistent findings in several studies. In a study of cases recorded in
the General Practice Research Database from 1990 to 2005 in the United
Kingdom, the relative incidence of GBS within 90 days of vaccination
was 0.76 (95% CI 0.41-1.40). In contrast, the relative incidence of GBS
within 90 days of an influenza-like iliness was 7.35 (95% CIl 4.36-12.38)
[201]. In addition, the background incidence of GBS in the Netherlands,
with a general-practitioner electronic medical record database is
estimated at 1.14 per 100,000 per year (95% CI 0.67-1.61) [202].
Inconsistent findings may also be explained by lack of statistical power
among negative findings [187]. The biological mechanism(s) for a
possible small increased risk following TIV is not understood. Most of the
data are from adults, primarily because influenza vaccine
recommendations for children are relatively new in many countries. Only
two studies provide data on childen, and these findings are inconclusive
[187, 203, 204]. Precautions for TIV vaccination include GBS <6 weeks
after a previous dose of influenza vaccine and moderate or severe acute
illness with or without fever [19].

Multiple Sclerosis

Although each epidemiologic study of associations between influenza
vaccines and multiple sclerosis (MS) reported to date has had relatively
low power to rule out an increased risk, these studies as a group provide
consistent evidence against a causal association with MS onset or
relapse and influenza vaccine in adults. Studies are more limited in
children, due in part to the lower risk of disease, but there is no
evidence to indicate reason for concern [187].

Other

The available evidence does not establish a causal relationship between
influenza vaccines and acute disseminated encephalomyelitis (ADEM) or
transverse myelitis, but neither can the evidence rule out the possibility
of a small increased risk following influenza vaccination. If there is any
risk, it is very low [187]. Furthermore, no increased risk is found for
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immune thrombocytopenia or inflammatory arthritis associated with
influenza vaccines. Despite some suggestion of an increased risk of
Bell's palsy, the available evidence does not support an increased risk in
any age group [187].

Safety of brands used in the Dutch NPG

Reports to the spontaneous reporting system in the Netherlands
Every year, adverse events following influenza vaccination are
monitored by means of a spontaneous surveillance system, which is
managed by the National Centre for Pharmacovigilance Lareb.

The total number of reports during the last four years has been quite
stable. Differences are seen in the number of reports regarding the two
vaccines that are used by the NPG, although these may be explained by
changes in the ratio of vaccines administered over the years (see Table
3.1) [205-208].

Table 3.1 Number of reports per vaccine and influenzaseason

Vaccine 2014/2015 2015/2016 2016/2017 2017/2018
Vaxigrip 150 95 44 58
Influvac 67 65 108 104
Vaxigrip or Influvac 50 83 66 22
Unknown 16 40 39 46
Total 283 283 257 230
Administered 3,242,965 3,115,542 3,034,237 3,078,026
doses [209]

Ratio of 66.6%06 vs 66.6%06 vs 40%b vs 409%b vs
administered 33.3% 33.3% 6020 60%0

brands (Vaxigrip
vs Influvac)

Over the years, most reported adverse events are injection-site
inflammation (range 77-125), pyrexia (range 38-47), myalgia (range
34-66), headache (range 30-65) and fatigue (range 8-28). No
stratification has been made for type of adverse event per vaccine
brand.

In 2012, Lareb reported a signal of extensive limb swelling (ELS) after
influenza vaccination [210]. Since October 2011, Lareb has received 10
reports of ELS associated with seasonal influenza vaccination, with nine
reports concerning vaccines in 2011-2012. The majority (7 out of 10) of
the patients involved were children. In the following seasons, Lareb also
received reports of ELS after influenza vaccination (range 7-37) [205-
208] [211, 212].

Lareb Intensive Monitoring

Within the Lareb Intensive Monitoring (LIM), patients who receive
influenza vaccination are followed over a specific period of time, with the
collection of information about AEFI through web-based questionnaires.
The aim is to obtain real-time data and provide insight into profiles of
reported adverse drug reactions. Eligible patients are identified by their
general practitioner.
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Over the years 2015, 2016 and 2017, a total of 1474, 602 and 445
patients, respectively, completed the registration for participation in the
LIM study. The patients reported a total of 880, 350 and 488 AEFI,
respectively. The 10 most reported AEFI were mostly well-known
expected AEFI, with injection site reactions, headache, myalgia and
fever most often reported. The pattern of AEFI is comparable with the
reported AEFI in spontaneous reports [205-208].

International monitoring

Safety data for Vaxigrip that were gathered using diverse methods (i.e.,
clinical trials, routine spontaneous reporting and active and passive
safety surveillance) are consistent and demonstrate the absence of
safety signals after Vaxigrip use in all relevant populations. In 2015, the
European Medicines Agency (EMA) published a review of Vaxigrip safety
in approximately 10,000 individuals aged =6 months [213]. Most
reported solicited local reactions were injection site pain and irritability.
These reactions were mainly mild to moderate and generally resolved
spontaneously within three days of onset. This safety profile re-enforces
the positive benefit-risk ratio of Vaxigrip. The most frequently reported
solicited systemic adverse event within seven days of Vaxigrip
administration was headache in adults, the elderly and children aged 9—
17 years and malaise in children aged 3-8 years. Both events were very
common. Solicited adverse reactions were generally less frequent in the
elderly than in younger adults. In spontaneous reporting systems, no
signals have been identified for adverse events of special interest, like
anaphylactic reactions, Guillain—Barré syndrome, encephalomyelitis,
neuritis, convulsions, vasculitis, and thrombocytopenia [214].

Between 1982 and 2006, 76 clinical studies were performed with the
trivalent inactivated subunit influenza vaccine Influvac. In all, 6,415
subjects were vaccinated, of whom 5,034 were eligible for safety
evaluation and 4,534 for efficacy evaluation. Treatment-emergent
adverse events occurred in 13.7% of subjects. Transient mild-to-
moderate local and systemic reactions occurred in up to half of subjects.
Post-marketing surveillance confirmed the well-established safety profile
reported for Influvac [215]. In addition, Influvac showed in a
reactogenicity study a better safety profile compared to another
trivalent inactivated influenza vaccine, Fluvax [216].

One study compared the risk of febrile events after vaccination with four
brands of inactivated 2010 and 2011 influenza vaccines, i.e. Fluvax,
Influvac, Vaxigrip and Fluarix. This study among infants and children in
New Zealand showed lower rates of febrile reactions with Influvac (OR
0.54, 0.36-0.81) than with Vaxigrip (OR 0.21, 0.16-0.27) and with
Fluarix (OR 0.10, 0.05-0.20), compared to Fluvax [217].

Safety of quadrivalent inactivated influenza vaccine (QIV)

General

The safety of QIV is described in a review by Trombetta [193].
Greenberg et al. compared the safety and immunogenicity of a QIV
whose formulation contained two influenza B strains versus licensed
TIVs containing either a Victoria B-lineage strain (2009-2010 TIV) or a
Yamagata B-lineage strain (2008-2009 TIV) [218]. The occurrence of
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the different AEs were comparable in all groups. Furthermore, the safety
and reactogenicity of QIV have proved similar to those of seasonal
influenza vaccines, as demonstrated by Tinoco et al. [219]. The most
common adverse reactions were pain at the injection site, headache and
myalgia, all of which disappeared within 3 days of vaccination. No
serious AE or deaths were registered.

Similar results regarding the safety of the first QIV introduced in
Australia were reported by Regan et al. in a sample of 1,685 healthcare
providers [220]. Although 7 days after immunisation no AE was
observed in either QIV- or TIV-vaccinated subjects, a slightly but
significantly higher percentage of QIV-immunised than TIV-immunised
subjects reported pain or swelling at the injection site. That study
confirmed the safety of QIV, since its reactogenicity was similar to that
of TIV. A meta-analysis also showed no significant differences between
the safety profiles of QIV and TIV, except for a slightly higher rate of
injection-site pain following QIV immunisation, which may have been
due to the higher dose (60 versus 45 mcg), in agreement with the
results of the study by Regan [220, 221].

Differences in production methods yielding vaccines of varying
composition, in addition to the presence of a further antigen in QIV, may
be responsible for the differing frequency of AEs [220]. A systematic
review and meta-analysis of randomised controlled trials by Moa et al.
showed that injection-site pain was more common for QIV compared to
TIV, with a pooled RR of 1.18 (95% CI 1.03-1.35) [221].

The safety and reactogenicity profile of inactivated QIV in children aged
18-47 months was evaluated by Rodriguez Weber et al. in a phase-2
double-blind study [222]. Reactogenicity was investigated, because QIV
contains 60 ug of antigen compared with 45 ug in TIV. SAEs were
monitored for 6 months after immunisation. The reactogenicity and
safety profiles of QIV were similar to those observed for TIV. Other
recent studies also showed that the safety profile of QIV is comparable
to TIV [223-225].

In an investigation by the Vaccine Adverse Events Reporting System
(VAERS), after vaccination with quadrivalent 11V4 and trivalent 11V3
from 7/1/2013 to 5/31/2015, similar safety profiles between the two
vaccines were reported [226]. This observation agreed with the data
obtained from pre-licensure studies of 11V4. Most of the AEs reported
were not serious. Among the most frequent AEs in persons between 6
months and 17 years of age were fever, injection-site swelling and
erythema, whereas in individuals aged 18-64 years pain in the
extremities and injection-site pain were most frequent. The most
common non-lethal serious events were GBS, seizures, injection-site
reactions and anaphylaxis.

Thus, apart from slightly higher rates of transient local reactions, the

additional antigen does not appear to alter the safety profile of QIV
compared to TIV.
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Safety of brands licensed in the Netherlands

From 2019-2020 onwards, QIV rather than TIV will be used in the NPG
for all people 60 years and older and for certain high-risk groups. Four
QIV brands are licensed in the Netherlands: Fluarix Tetra (for ages =6
months), Vaxigrip Tetra (=6 months), Influvac Tetra (=218 years) and

Batrevac Tetra (26 months; identical to Influvac Tetra).

In 2015, the safety and tolerability of Fluarix Tetra was reviewed [227].
Four studies were evaluated, and it was concluded that the safety profile
of Fluarix Tetra was similar to the TIV vaccine. No serious side effects
related to the vaccine were observed in these studies [222, 228-230].
The summary of product characteristics of Fluarix Tetra also included
the vaccine’s safety profile. It described the findings from clinical trials
that showed the most often reported local adverse reaction after
vaccination in all age groups was injection-site pain (15.6% to 40.9%).
In adults 18 years of age and older, the most frequently reported
general adverse events after vaccination were fatigue (11.1%),
headache (9.2%) and myalgia (11.8%). In subjects aged 6 to 17 years,
the most frequently reported general adverse events after vaccination
were fatigue (12.6%), myalgia (10.9%) and headache (8.0%). In
subjects aged 3 to 5 years, the most frequently reported general
adverse events after vaccination were drowsiness (9.8%) and irritability
(11.3%). In subjects aged 6 months to 3 years, the most frequently
reported general adverse events after vaccination were
irritability/fussiness (14.9%) and loss of appetite (12.9%).
Spontaneous reports of GBS have been received following vaccination
with Fluarix and Fluarix Tetra but no causal association between has
been established [231].

Reviews regarding the immunogenicity and safety of Vaxigrip Tetra
described the results from phase 3 clinical trials [225, 232]. Since
Vaxigrip Tetra was developed by a manufacturing process closely related
to that used for TIV, the data on the safety profile of TIV are considered
to support that of Vaxigrip Tetra. The safety of Vaxigrip Tetra was
similar to that of the corresponding licensed TIV. Most adverse events
usually occurred within the first 3 days following vaccination and
resolved spontaneously within 1 to 3 days after onset. The intensity of
these events was mild. The most frequently reported adverse reaction
after vaccination in all populations, including all children from 6 to 35
months of age, was injection-site pain (between 52.8% and 56.5% in
children from 3 to 17 years of age and in adults; 26.8% in children from
6 to 35 months of age, and 25.8% in elderly). In a subpopulation of
children less than 24 months of age, irritability (32.3%) was the most
frequently reported adverse event. In a subpopulation of children from
24 to 35 months of age, malaise (26.8%) was the most frequently
reported adverse event. Adverse events were generally less frequent in
the elderly than in younger adults and children [233]. Vaccine-related
unsolicited adverse reactions were uncommon in the phase-3 trials
[232]. There are no safety data from post-marketing experience with
Vaxigrip Tetra.

Overall, Vaxigrip Tetra is well tolerated, and no safety signals were
detected. Data confirm its safety, even in children aged 6-35 months
[225].
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Safety data regarding the use of Influvac Tetra are based on a clinical
study in healthy adults 18 years of age and older in which Influvac Tetra
was administered to 1,535 subjects and the trivalent influenza vaccine
Influvac to 442 subjects [234]. Similar rates of solicited adverse events
were observed in recipients of Influvac Tetra and Influvac. The most
frequently reported local adverse reaction after vaccination with Influvac
Tetra was pain at the injection site (16.3%). The most frequently
reported general adverse events after vaccination with Influvac Tetra
were fatigue (11.2%) and headache (10.3%). These reactions usually
disappeared within 1-2 days without treatment.

To date, no studies have been published about post-marketing exposure
to Influvac Tetra.

Safety of live-attenuated influenza vaccine (LAIV)

General

Studies on the Russian LAIV involving nearly 130,000 children aged 3-
15 years did not disclose any serious adverse event (SAE) [235], except
for transient febrile reactions occurring in <1%o of children after
vaccination. The adverse events most commonly associated with the US-
manufactured LAIV were transient runny nose or nasal congestion and
low-grade fever, although the frequencies were close to those observed
in the control groups [19]. LAIVs have been reported to cause adverse
effects in 15% of cases. With the exception of fever, which has been
reported on the day after vaccination, the symptoms occur 2—-3 or 8—

9 days after LAIV administration [236]. LAIVs have been reported to
cause slightly more troublesome moderate adverse effects than TIV,
although the incidence has been low. In one study, the difference was
shown to be significantly higher following the first dose, but it
disappeared after the second administration [122] and was reduced
following subsequent annual vaccinations. Although one of the most
frequent side effects in children aged 6-23 months was wheezing, no
difference in severity, length of hospitalisation or treatment was
observed [122, 236]. Wheezing was not increased in vaccinees 2-5
years of age [122]. As a result, LAIV is currently not recommended for
children aged less than two years [1, 19].

Severe consequences have been reported only rarely, and no association
with vaccine administration has been proved. McNaughton et al.
investigated the incidence of adverse effects of interest (AEIS) in
children and adolescents upon immunisation with QLAIV in the same
influenza season in England. They reported nasal congestion, cough and
malaise as the most frequent AEls. No SAE, hospitalisation or death was
reported during the investigation [237]. In a study of trivalent LAIV
safety in a large cohort of children, few serious adverse events were
detected [238]. Anaphylaxis and syncope occurred following LAIV,
although rarely.

Since a higher frequency of fever has been reported after the
administration of LAIV than after 11V, a recent prospective observational
study investigated the frequency of fever following immunisation of
young children with 11V in three community clinics in New York City. A
low frequency of fever was found, and no difference between the
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vaccines evaluated was observed during the 2013-2014 influenza
season [239].

Studies by Carr et al. and King et al. confirmed the safety of LAIV in
children affected by cancer and in HIV-infected adults, respectively
[240, 241]. In a South African RCT on the safety of LAIV in adults aged
260 years, reactogenicity events were more frequent among recipients
of LAIV than of placebo during 11 days post-vaccination (p=0.042);
symptoms included runny nose or nasal congestion, cough, sore throat,
headache, muscle aches, tiredness, and decreased appetite. However,
rates of SAE were similar for recipients of LAIV and placebo [242].
Contraindications for LAIV use included asthma, anaphylactic reactions
to eggs, a history of GBS, long-term aspirin therapy in patients aged
<18 years, and advanced immunosuppression [19].

Quadrivalent vs trivalent LAIV

Findings from a combined paediatric immunogenicity and safety study of
QLALIV performed in the USA have shown that the safety profile of QLAIV
is similar to that of the TLAIV formulation [243]. The most common
adverse event reported within 10 days of vaccination with QLAIV versus
TLAIV were runny nose or nasal congestion (31.6 vs 28.1%; difference
not significant) and cough (15.2 vs 15.5%; difference not significant).
The only significant difference in reported events was fever >38 °C after
the first dose in 5.1 vs 3.1% (p=0.04) of children 2-8 years of age who
were LAIV-naive [243]. Overall, 44.9% of children in the QLAIV-group
had symptoms compared with 43.3% of subjects who received the
TLAIV (ns). Adverse events detected within 28 days were significantly
different between QLAIV and TLAIV only for fever (1.7 vs 0.7%;
p=0.04), headache (0.9 vs 0.2%; p=0.04) and throat pain (0.6 vs 0%;
p=0.03). Overall, the safety profile of QLAIV and TLAIV in children 2 to
17 years of age were similar.

Safety of brands licensed in the Netherlands
Fluenz Tetra is the only LAIV licensed in the Netherlands.

Safety data for Fluenz Tetra are based on data from clinical studies of
Fluenz Tetra in 2,231 children and adolescents 2 to 17 years of age;
clinical studies of Fluenz in more than 29,000 children and adolescents 2
to 17 years of age, and post-authorisation safety studies of Fluenz in
more than 84,000 children and adolescents 2 to 17 years of age.
Additional experience has occurred with marketed use of Fluenz. In
clinical studies, the safety profile of Fluenz Tetra was similar to the
safety profile of Fluenz. The most common adverse event observed in
clinical studies was nasal congestion or rhinorrhea [244].

In an active-controlled clinical study, an increased rate of
hospitalisations for any cause for 180 days after the final vaccination
dose was observed in infants and toddlers 6-11 months of age (6.1%
Fluenz versus 2.6% injectable influenza vaccine). Most hospitalisations
were due to gastrointestinal and respiratory tract infections and
occurred more than 6 weeks after vaccination. The rate of
hospitalisations was not increased in Fluenz recipients 12 months of age
and older. In the same study, an increased rate of wheezing through 42
days was observed in infants and toddlers 6-23 months of age (5.9%
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Fluenz versus 3.8% injectable influenza vaccine). The rate of wheezing
was not increased in Fluenz recipients 24 months and older. Fluenz
Tetra is not indicated for use in infants and toddlers younger than 24
months.

Very rare reports of GBS and exacerbation of symptoms of Leigh
syndrome (mitochondrial encephalomyopathy) have been observed in
the post-marketing setting with Fluenz [244].

During the 2014-2015 influenza season, the crude incidence rate of
adverse events following Fluenz Tetra vaccination was estimated in
children and adolescents in England [237]. No hospitalisations, deaths
or other SAEs were reported. No significant change in reactogenicity or
other apparent safety signals was detected as part of this study.

Safety of maternal influenza vaccination

Safety of maternal influenza vaccination can be divided in two parts: the
tolerability for the mother and the safety for mother and chilr in the
short term (adverse pregnancy outcomes) and long term (negative
effects for the child later in life).

Tolerability for the mother

Several studies have shown that the tolerability of seasonal influenza
vaccination in pregnant women is comparable to that in non-pregnant
women [245-247]. Data on adverse events in healthy adults, as
described in the previous sections, are therefore also applicable to
healthy pregnant women.

Short-term adverse preghancy outcomes

With respect to adverse preghancy outcomes, two systematic reviews
were published on seasonal and pandemic influenza vaccination that
included respectively 7 (studies up to 2013 included) and 21 studies
(studies up to 2014 included) [248, 249].

The review by Bratton et al. showed that maternally vaccinated women
had a lower risk of stillbirth compared to non-vaccinated women (RR
0.73; 95%CI 0.55-0.96) for seasonal and pandemic influenza
vaccination combined [248]. Of the seven studies that reported on
stillbirth and were included in this review, four studies found a
significantly decreased risk in women who received influenza vaccination
during pregnancy, while three studies found insignificant results. Just
looking at pandemic vaccination, RR was 0.69 (95%CI 0.53-0.90) [248].
The pooled estimate for spontaneous abortion was 0.91 (95%CI 0.68-
1.22), based on one study with a significantly lower risk among
maternally vaccinated women, and three studies showing insignificant
results.

Likewise, no increased risk of fetal death (at any gestational age [GA],
<20w GA or 220w GA) was found in the review of Fell et al. [249] All
three studies in the review that reported fetal death showed insignificant
results. For late fetal deaths, five studies were included, with two
reporting significant decreased risks after maternal influenza vaccination
and three insignificant results. For preterm birth and maternal influenza
vaccination, this review reported on 19 studies. In 18 studies, estimates
revealed no increased risk of preterm birth after maternal influenza
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vaccination, with four studies reporting a significantly decreased risk
[249]. Only one study reported a significantly increased risk among
maternally vaccinated women (HR 3.28; 95%CI 1.25-8.63) [250]; the
average decrease in gestational length was three days in this study.

A retrospective cohort study, including 58,008 births, confirmed the
absence of an increased risk for stillbirth 220w GA (adjusted HR, 0.49;
95%CI 0.29 - 0.84) [251]. A retrospective cohort study, including
145,869 children, found no association between maternal influenza
vaccination and SGA birth, preterm birth, need for mechanical
ventilation at birth, respiratory distress syndrome, admission to the
neonatal ICU (NICU), low birth weight, or low Apgar score [252].
Likewise, a Dutch study on adverse pregnancy outcomes after the 2009
influenza pandemic did not find an increased risk for preterm delivery
(OR 0.98; 95%CI 0.59-1.62), or SGA births (OR 0.84; 95%CI 0.50-
1.43) or a composite outcome including low Apgar score, neonatal ICU
admission, neonatal resuscitation or perinatal death (OR 0.84; 95%ClI
0.44-1.60) [253].

In the case-control arm of a large study on the safety of influenza
vaccination during pregnancy in three consecutive influenza seasons, no
overall increased risk for preterm delivery was found; an elevated
adjusted risk was reported only for second-trimester vaccination during
one season (HR 2.60; 95%CI 1.21-5.61), which was a reduction in
gestational length of <2 days. For the 42 specific defects or categories
of defects, most adjusted risks were close to 1.0; the highest was 2.38
for omphalocele and the lowest was 0.50 for atrioventricular canal
defects. None had confidence boundaries >1.0. For each season
individually, only one elevated OR had a lower 95% CI >1.0:
omphalocele (OR 5.19; 95%CI 1.44-18.7) [254]. This estimate was
based on five cases. Likewise, in the cohort arm of this study, first-
trimester exposure to influenza vaccination was not statistically
significant in association with an increased risk for major birth defects
(RR 1.87; 95%CI 0.97-3.59), which occurred in 5.6% of exposed first-
trimester pregnancies and 2.9% of those un-exposed to the vaccine. No
specific pattern of defects was evident in the vaccine-exposed cohort.
The overall risk of spontaneous abortion was not elevated (HR 1.09;
95%CI 0.49-2.40). Adjusted HRs for preterm delivery approximated 1.0
(adjusted HR 1.23; 95%CI 0.75-2.02). Relative risk (RRs) for SGA
infants in weight, length and head circumference ranged from 1.19 to
1.49 with all 95%Cls including ‘1’ [255].

Similar findings were reported in studies, performed in Finland [256],
USA [257], Denmark [258] and Sweden [259]. In contrast, a study
performed in Italy revealed a limited increase in the prevalence of
gestational diabetes (adjusted OR 1.26; 95%CI 1.04-1.53) and
eclampsia (adjusted OR 1.19; 95%CI 1.04-1.39) [260].

Long-term adverse pregnancy outcomes

The safety of maternal influenza vaccination for the child later in life was
studied in a nationwide Danish cohort. The authors found no increased
risk for hospitalisation in children up to 5 years of age whose mothers
were vaccinated against 2009 influenza A(H1LN1) compared to children
with unvaccinated mothers, irrespective of trimester (1% trimester RR
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1.17; 95%CI 0.94-1.45 and 2" and 3™ trimester RR 0.93; 95%CI| 0.87-
0.99) [261]. This study also assessed the risk of 23 diseases, including
infectious diseases, autoimmune diseases, neurologic diseases and
behavioural disorders. The authors found a significantly increased risk of
other infections after influenza vaccination in the first trimester (RR
1.71; 95%CI 1.08-2.73; IR 16.9 per 1000 person years [py] among
exposed vs 9.8 per 1000 py in unexposed). However, after correction for
multiple comparisons with Bonferroni-corrected confidence intervals,
results were not statistically significant (RR 1.71; 95%CI 0.83-3.56).
Likewise, after second- or third-trimester vaccination, increased risks
were found for sepsis (RR 1.96; 95%CI 1.26-3.05; IR 1.1 per 1000 py in
exposed vs 0.5 per 1000 py in unexposed) and Sjogren syndrome (RR
1.59; 95%CI 1.04-2.44; IR 1.0 per 1000 py among exposed vs 0.7 per
1000 py in unexposed). Again, results became statistically insignificant
after correction for multiple comparisons.

In the Netherlands, no differences were found in growth and
development between children up to 1 year of age of vaccinated vs
unvaccinated mothers [253].

In summary, influenza vaccination during pregnancy is safe. The
tolerability of this vaccination is similar to that in healthy adults who are
not pregnant. Furthermore, no increased risks of adverse outcomes for
mother and child have been found in either the short or long term.
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Influenza vaccine uptake and acceptance of vaccination

Summary

The influenza vaccination coverage among the target groups in the
Netherlands has dropped from 53.5% in 2016 to 49.9% in 2017. Since
2008 there has been a decreasing trend in vaccination coverage. The
highest vaccination coverage (69.6%) was observed among persons 65
years and older who also have a medical indication for vaccination.

The intention to be vaccinated against influenza among the elderly
increases with advancing age. The perceived severity of influenza was
lowest for participants aged 50-60 years.

Strong predictors for influenza vaccination uptake were vaccination in
the last year, no experience with side effects, and general positive
attitude towards vaccination. Important factors that were associated
with vaccination acceptance in general among older adults were the high
risk of mortality in infectious disease, high susceptibility to infectious
disease, and high VE. Higher age, influenza vaccination in the preceding
year and higher self-perceived health score were identified as personal
factors that affected vaccine preference positively.

The vaccination coverage for 2016-2017 in other European member
states for older target populations ranged from 2.0% to 72.8%.

The vaccine uptake during the pandemic influenza season among
pregnant women in the Netherlands was 63%. The most important
predictor for uptake was the government’s recommendation for
vaccination. Thirty-nine percent of women expressed a positive intention
for future maternal vaccination. Information on vaccine safety is a very
important aspect in their decision-making process.

About 15% of Dutch parents had a positive intention to vaccinate their
children for seasonal influenza. In general, they believed it was not
important to vaccinate their child against influenza because they
thought it not to be a severe disease. Dutch youth healthcare workers
believed that including vaccination against influenza in the National
Immunisation Programme was not necessary.

Vaccine uptake

Vaccine uptake in the Netherlands

During the seasonal influenza vaccination campaign of 2017, 17.4% of
the Dutch population was vaccinated. The vaccination coverage among
all target groups for vaccination was 49.9%. The highest vaccination
coverage (69.6%) was observed among persons 65 years and older who
also had a medical indication for vaccination. For persons between 60
and 64 years of age without a medical indication, the vaccination
coverage was lowest (25.9%). Among groups with a medical indication,
the vaccination coverage was highest in the population with diabetes
(61.9%) and lowest among the immunocompromised (44.8%). Since
2008, there has been a decreasing trend in the vaccination coverage
among the target groups (see Figure 5.1 below) [262].
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Figure 5.1 Trends in vaccination coverage by age and medical indication, 1996-

2017 [262]

Black continuous line are all target groups *In 2008 the age limit for indication for
influenza vaccination has been decreased from 65 years to 60 years. Therefore, the
vaccination coverage among all target groups in the years 1996 untill 2007 is poorly
comparable with those of later years. Dotted lines are 60-64 years old, blue-green colour
for those with a medical indication and dark blue colour for those without a medical
indication. The continuous lines on the right side are, from top to bottom: 65 years and
older with a medical indication; 65 years and older without a medical indicatation; and O-
59 years old with a medical indication.

Vaccine recommendations and uptake in other European countries

Of 30 responding member states, all recommended seasonal influenza
vaccination for older age groups, albeit with different age thresholds. Six
member states recommended vaccination for children and adolescents
<18 years of age. Of 30 responding member states, 28 recommended
vaccination of pregnant women.

Vaccination coverage rates in 2016—2017 for older target populations
were known in 19 member states (Denmark, Estonia, Finland, Germany,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, the Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden and the
United Kingdom) and ranged from 2.0% to 72.8% (median 47.1%). The
coverage for those with chronic medical conditions was provided by
seven member states (Czech Republic, France, Ireland, the Netherlands,
Norway, Portugal, and the United Kingdom) and ranged from 15.7% to
57.1% (median 44.9%). The coverage for pregnant women was known
in nine member states (Belgium, Finland, Hungary, Ireland, Italy,
Lithuania, Romania, Slovenia, and the United Kingdom) and ranged from
0.5% to 58.6%, (median 25.0%) [263].
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Figure 5.2 Seasonal influenza vaccination coverage rates in older age groups
(upper panel) and pregnant women (lower panel) in EU/EEA member states for
influenza seasons 2015-2016, 2016-2017 and 2017-2018 (if available)

In the UK, during the 2017-2018 influenza season, the overall vaccine
uptake by school year was 61.3%, 60.0%, 59.4%, 54.7 % and 54.5%
for children in reception (ages 4 rising to 5 years) and in school years 1,
2, 3 and 4 (ages 5-9), respectively [264].

In summary, since 2008, the trend in the vaccination coverage has
declined among the target groups in the Netherlands. The vaccination
coverage among member states varies widely from 2.0% to 72.8% for
older target populations. Most member states also recommend influenza
vaccination for pregnant women and six member states recommend
vaccination for children and adolescents <18 years of age.

Acceptance of influenza vaccination in the Netherlands

Acceptance of maternal influenza vaccination

During the 2009 influenza pandemic, the vaccine against influenza
A(H1N1) was available for pregnant women, and the coverage was 63%
[265]. Coverage was higher among older birth cohorts, women who had
been pregnant before, women with underlying medical conditions and
women who reported no defined ‘life philosophy’. Protection of the child
after birth, the government’s advice, and possible harmful effects of the
vaccine for the unborn child had the greatest predictive value for
vaccination status. With regard to vaccination during future pregnancies,
39% had a positive intention to obtain vaccination and 45% were
neutral. The government’s advice was the strongest predictor for
intention to vaccinate. However, women expressed concern over lack of
knowledge about vaccine safety.
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Acceptance of influenza vaccination for infants by parents

An internet survey (November 2012) was performed among parents of
infants in the Netherlands. A random sample from the national
immunisation register of 1,500 parents was invited, and 491 parents
participated (33% response) and completed the questionnaire. The aim
was to study the intention of parents to have their child vaccinated
against four diseases not currently included in the National
Immunisation Programme (NIP) in the Netherlands: varicella, serogroup
B meningococcal (MenB) disease, rotavirus gastroenteritis and seasonal
influenza. Results showed that the intention to vaccinate was highest for
MenB disease (83% positive intention, scores 4-5 taken together on 1-5
Likert scale), followed by rotavirus gastroenteritis (38%), varicella
(28%) and lowest for seasonal influenza (15%0). Parents did not believe
in the importance of vaccinating their child against influenza (mean =
2.1) or in the disease severity (mean = 2.2), although they perceived it
rather likely that their child would contract influenza (mean = 3.7). With
regard to concerns about side effects of vaccination, the results per
disease were similar (mean between 3.1-3.2) [266].

A study of parental reasoning regarding pandemic influenza A(H1N1)
vaccination of their children was performed in the Netherlands in
December 2009 for acceptors (N = 1227) and in June and July 2010 for
decliners (N = 1900). The vaccine response rate was 71% for the first
round and 59% for the second round. Most reported reasons for
parental acceptance of HIN1 vaccination were “l don’t want my child to
become sick” (43%), “Mexican flu can be severe” (10%), “The
government advises it, so | do it” (6%), and “If | don’t do it, | will regret
it” (6%). The most reported reasons declining the vaccination were “fear
of side effects or harmful consequences” (51%), “Just having a bad
feeling about it” (46%), and “The vaccine was not thoroughly tested”
(39%). More decliners than acceptors experienced feelings of doubt
about their vaccination decision (decliners 63% versus acceptors 51%,
p<0.001), and decliners reported more often information-seeking
behavior (decliners 76% vs acceptors 56%, p<0.001). Decliners more
frequently solicited advice from their social network than acceptors
(decliners 72% vs acceptors 61%, p<0.001). In addition, acceptors
more often reported social influence on their vaccination decision
(acceptors 58% vs decliners 38%, p<0.001) and experienced more
negative feelings after their vaccination decision (acceptors 8% vs
decliners 2%, p<0.001) [267].

Acceptance of influenza vaccination for infants among youth healthcare
workers

A questionnaire study (December 2013) was conducted among youth
healthcare workers to gain more insight into their opinions about
vaccines not yet included in the NIP, such as that against influenza. A
questionnaire was sent to 1427 youth healthcare workers, and 432
(30%) reponded. Results with regard to whether they believed new
vaccines were necessary to include (on a Likert scale of 1-7) to include
in the National Immunisation Programme showed that they perceived a
vaccine against varicella and influenza (mean = 3.1 and 2.8,
respectively) less necessary than a vaccine against menB disease,
infection caused by respiratory syncytial virus (RSV) and rotavirus
gastroenteritis (mean = 4.6, 4.5, and 4.1, respectively) [268].
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Acceptance of influenza vaccination among the elderly

In December 2014, a postal questionnaire was sent to 1800 people who
had been randomly selected by six municipalities, based on four age
categories: 50-60 years, 60-70 years, 70-80 years, and 80 years and
older. The municipalities differed in the level of urbanisation and
geographical location. In total, 735 (41%) people aged 50 years and
older returned the questionnaire. The aim was to assess their intention
to be vaccinated against influenza, pneumococcal disease, herpes zoster
and pertussis and the predictors of their attitude. More than half of all
the participants had been vaccinated against influenza in the season
preceding this study (61%), and 70% had been vaccinated against
influenza at some point in the past. Results showed that participants
perceived pneumococcal disease (mean = 6.0 on a Likert scale of 1- 7)
as significantly more severe than the other three diseases, while
influenza (mean = 4.7) was perceived as significantly less severe than
herpes zoster (mean = 5.4) and pertussis (mean = 5.3). Intention to
vaccinate was highest for pneumococcal disease (mean = 5.5) and
differed significantly from the intention to vaccinate against influenza
(mean = 5.0), herpes zoster (mean = 4.9), and pertussis (mean = 4.9).
The intention to be vaccinated against influenza increased with
increasing age (50-60 years of age (mean = 4.0), 60-70 (mean = 4.9),
and 70-80 (mean = 5.4) and >80 (mean = 5.8). The perceived severity
for influenza was lowest for participants in the 50-60 age group (mean
= 4.3) [manuscript in preparation].

In 2016, a discrete choice experiment (DCE) was performed for which
scenarios for influenza vaccination were developed on the basis of five
vaccination characteristics: effectiveness, risk of severe side effects, risk
of mild side effects, protection duration, and time to activation of the
vaccine. From the total of 1,419 panel members aged 60 years and
older who participated in the survey, 1,261 (response rate 89%)
completed the questionnaire. With the assumption of a base case
respondent and a realistic vaccination scenario, the predicted uptake
was 58%. The strongest predictors for vaccination uptake were having
been vaccinated last year, no experience of side effects, and general
positive attitude towards vaccination [269].

In December 2014 another DCE was performed among adults 50 years
and older to determine the relative importance of vaccine and disease-
specific characteristics and the acceptance of vaccination against
pneumococcal disease, herpes zoster, pertussis, and influenza. In the
DCE, vaccination scenarios were based on the above four diseases and
on six charateristics: clinical symptoms, susceptibility, mortality, VE,
side effects, and number of given vaccinations. In total 1,800 potential
respondents were selected, and 735 surveys were returned (response
rate = 41%). Finally, 610 (34%) respondents were included in the
analyses. Important factors associated with vaccination acceptance in
older adults were perceptions of high risk of mortality of the infectious
disease, high susceptibility for contracting the infectious disease, and
high VE. Higher age, influenza vaccination in 2013 and higher self-
perceived health score were identified as personal factors that affected
vaccine preference positively. Potential vaccination rates of older adults
were estimated at 68% for pneumococcal vaccination, 58% for herpes
zoster vaccination, 54% for pertussis vaccination and 54% for influenza
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vaccination, and the percentages were somewhat higher for persons
aged 65 years and older [270].

International acceptance of influenza vaccination

Acceptance of maternal influenza vaccination

In concordance with results on acceptance of maternal vaccination in the
Netherlands, a systematic review on vaccine hesitancy in relation to
maternal vaccinations in general, including 155 articles, revealed the
major barriers for vaccination to be vaccine safety; a belief that a
vaccine was not needed nor effective; no recommendation from
healthcare workers; insufficient knowledge of vaccines; access issues;
costs and conflicting advice [271].

A review focusing on more broadly oriented predictors, found that
patient-focused predictors of maternal vaccination included provider
recommendation; knowledge, attitudes and beliefs; cues to action; and
race and ethnicity [272]. Provider-focused predictors included
knowledge, attitudes and beliefs; and multi-component intervention
packages. Health system predictors included standing-order protocols
and practice-site logistics.

Several other reviews and studies also addressed one or more of the
barriers mentioned above [273-285]. In nearly all articles,
recommendation by healthcare providers played an important role in
women’s decision-making.

Strategies to promote vaccine acceptance among pregnant women are
ongoing education, recommendation, normalisation and maximisation of
convenience [274, 279, 286, 287]. These aspects are important to
address hesitancy not only among pregnant women themselves but also
among healthcare providers [279, 287, 288].

Parental acceptance of influenza vaccination of children

A cross-sectional online survey was performed in the UK shortly after
the 2015-2016 immunization campaign. The aim was to identify
predictors of uptake of childhood influenza vaccination in the 2015-2016
influenza season, parental perceptions of side effects from the influenza
vaccine and intention to vaccinate one’s child in the 2016-2017 influenza
season. Participants were parents or guardians of children aged between
2 and 7 years (N = 1001). Factors strongly positively associated with
vaccination uptake included having the child previously vaccinated
against influenza, perceiving the vaccine to be effective and perceiving
the child to be susceptible to influenza. Factors strongly negatively
associated with uptake included perception of the vaccine as unsafe, a
belief that the vaccine causes short-term side-effects or long-term
health problems and a belief that yearly vaccination may overload the
immune system. Predictors of intended vaccine uptake in 2016-2017
were similar. Participants whose children experienced side effects after
the 2015-2016 vaccination reported being less likely to vaccinate their
child the next year [289].

A systematic review of influenza vaccination hesitancy was performed
and included articles published between 2005-2016. Following the
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PRISMA approach, the authors selected 470 articles and analysed them
for significant barriers to influenza vaccine uptake or intention. The
barriers reported most often to seasonal influenza uptake for children
were sociodemographic variables (age and education) and absence of
recommendations from medical personnel to the decision-makers, i.e.,
parents of children 6-59 months of age. With regard to the 4C
framework (factors related to four categories: complacency,
convenience, confidence, and calculation), calculation (decreased
perception of own benefit of vaccine) and inconvenience (decreased
frequency of interaction with health service) were the most prominent
reasons for vaccine hesitancy [290].

Acceptance of influenza vaccination among elderly

A systematic review of factors associated with the uptake of seasonal
influenza vaccination in adults included articles published until
November 2013. Twenty-three articles met the inclusion criteria and
were selected for outcome analysis, 21 of which were quantitative
observational studies. Results showed that increasing age and having
chronic diseases were strongly predictive of vaccination uptake. In
addition, advice from doctors/other health professionals/family and/or
close friends and free vaccination were other key factors associated with
uptake of vaccination. Furthermore, perceptions of effectiveness and
vaccine safety and adverse events were more influential than the level
of knowledge regarding influenza and its vaccination [291].

Results from the systematic review of influenza vaccination hesitancy
described above showed that the most frequently reported barriers to
seasonal influenza vaccine uptake among chronically ill patients were
not having been vaccinated previously, having a smoking habit and
being younger. The most frequently reported barriers within the chosen
framework (i.e. 4C model stands for complacency, convenience,
confidence, and calculation factors) for seasonal influenza vaccination
were lack of confidence due to a negative attitude and low perceived VE
and complacency issues (low perceived severity of disease).
Sociodemographic variables (lower age, additional risk factors, less
knowledge, being female), psychical variables (smoking habit, high
perceived health status) and past negative behaviour were among the
most frequently reported barriers to seasonal influenza vaccination
uptake among elderly. As in similar studies, other barriers to vaccination
uptake concerned the elderly and their living arrangements (e.g., living
alone and being single). This association may be mediated by access
and cues to action: people who live alone with limited assistance may
have less access, irregular preventive health visits, and less support
from family members [290].

In summary, intention to accept influenza vaccination for infants by
parents and by youth healthcare workers in the Netherlands is not high.
For both the elderly and pregnant women, vaccine coverage of the 2009
influenza pandemic and seasonal influenza, respectively, was higher
among those who were older and those with an underlying medical
condition. Furthermore, similar factors influencing vaccination uptake
among various groups have been observed, such as perceived VE,
vaccine safety, personal susceptibility, severity of the disease and past
vaccination behaviour. A clear recommendation from the health
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professional and an increase in the frequency of interaction with the
healthcare service might increase vaccination uptake.
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Impact of influenza vaccination programmes

Summary

Influenza vaccination aims to protect the vaccinated persons from
infection using the direct effect of vaccination. Unvaccinated persons
may also benefit indirectly, being less exposed to the virus when its
circulation is diminished by vaccination of others. Both direct and
indirect effects play a role in the impact of the current vaccination
programme. The impact can be expressed as the effect on the infection
attack rate (IAR), the percentage of the population infected during an
influenza season, or on the number of symptomatic cases,
hospitalisations or deaths.

Maternal vaccination programme

A maternal vaccination programme is aimed at direct protection of
pregnant mother and child. Indirect effects are negligible, as the number
of additionally vaccinated persons is small. So, the impact will be
proportional to the uptake. Even with limited transfer effectiveness from
mother to child, the incidence of influenza in newborns to 1-year-old
childen can be expected to decrease.

Paediatric vaccination programme

A paediatric vaccination programme is aimed at indirectly protecting
vulnerable groups by decreasing virus circulation in children. Modelling
studies are a helpful tool to investigate the impact of such a policy
change. Published modelling results differ widely in the predicted impact
of vaccinating children because of differing model assumptions. The
study by Baguelin et al. [292] predicts a 52% reduction in population-
wide IAR at a 50% coverage in healthy children. However, this result is
valid only at the very start of the vaccination programme, as long-term
effects are not taken into account. The study by Backer et al. [293] is
the only model that explicitly addresses long-term effects of vaccination
and variability between seasons. The study predicts a more modest
reduction of 18% in IAR at 50% coverage in children. Moreover,
modelling results show that vaccination of children increases variation in
epidemic sizes, i.e., more influenza seasons with a very high incidence
and more seasons without any influenza activity. This erratic behaviour
could lead to more severe seasons in which healthcare demands exceed
available capacity.

Current vaccination programme

The current vaccination programme is aimed at direct protection of
vulnerable groups, such as those with a high risk of complications and
the elderly. It is difficult to assess the effect of introducing such a
programme from observations. Modelling studies however show that this
strategy has only a limited impact on virus circulation, but it is fairly
effective in averting hospitalisations and deaths in the target group.

Impact of influenza vaccination programmes on pregnant women

No literature has been found reporting the effect of vaccination of
pregnant women on the IAR in the Netherlands. RCTs and observational
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studies from other countries focus mainly on VE, discussed in section
3.2. A rough estimate for the Netherlands can be derived on the
assumption that maternal vaccination will have direct effects only on
mother and child, with no indirect effects on the population as a whole,
since 1) pregnant women make up a very small part of their age class
and 2) newborns do not play a major role in influenza transmission as
they have few contacts.

Each year, approximately 170,000 women become pregnant in the
Netherlands (data CBS [Statistics Netherlands] 2015), 50% of whom
would be pregnant in their 2" or 3" trimester, and vaccinated during
the annual influenza vaccination campaign. With an average VE of 45%
[294] and an average IAR of 7.4% in the age class of 20 to 35 [294],
maternal vaccination would avert 2800 infections during pregnancy. The
newborns are protected by maternal antibodies up to 6 months, while
the epidemic is assumed to last 3 months. Depending on when the
epidemic starts, between 25% and 50% of the newborns that are born
annually might benefit from maternal vaccination. With an average VE of
48% [79] and an average IAR of 6.4% in newborns to 1-year-old
children, 1350-2700 infections, or 68-136 hospitalisations (assuming an
influenza hospitalisation rate of 333/100000 [46]), would be averted per
season, on average. This rough estimate assumes that the vaccination
coverage in eligible pregnant women is 100%. For lower coverages, the
impact would decrease proportionally. Similar calculations form the basis
of health economic analyses in Belgium [295] and the UK [296], but
these studies do not report the achieved impact on the IAR nor averted
infections.

Impact of influenza vaccination programmes on healthy children

School-aged children (4-16 years of age) are generally recognised as
the epidemic drivers of influenza transmission. This has led to the notion
that targeting these groups for vaccination could effectively decrease
influenza circulation, and, as an indirect result, protect groups at higher
risk of complications. Here we assess the evidence for the intended
positive and unintended negative consequences of extending the current
Dutch influenza programme with a paediatric programme. We make a
distinction between simulation results and observations.

Impact of paediatric vaccination programme based on model studies
Simulation studies that predict the effect of vaccinating children against
influenza differ in model structure and assumptions (Table 6.1). All
models predict some reduction in the IAR due to child vaccination, but
there is no consensus on the extent of this reduction (Figure 5.1). For
instance, at an effective vaccination coverage of 40%, the predicted
reduction ranges from 20% to 84%. The earliest models report the
highest impacts, either because the vaccine was assumed to be 94%
efficacious [297] or to induce protection for 12 years [298, 299].

More recent modelling studies used for evaluation of child vaccination
fall roughly into two categories. The first is studies that model a
succession of influenza seasons with immunity gains (due to recent
infection) and losses (due to antigenic drift) from one season to another
(“multiseason dynamics” in Table 6.1). This type of model explores long-
term infection dynamics and how they are affected by vaccinating
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children against influenza [293, 300-303]. Vaccination decreases the
natural immunity levels not only in the target group (due to vaccination)
but also in the total population (due to less virus circulation). The
infection incidence increases in groups that have just aged out of the
child vaccination programme; as these groups have little natural
immunity after years of vaccination, they take on the role of epidemic
driver [293]. However, many models with a succession of multiple
seasons do not allow parameters to vary between seasons. This leads to
projections of identical influenza seasons in terms of timing and
epidemic size.

The second category contains models that capture the high variation in
epidemic size between seasons that is caused by the variation in VE and
antigenic drift of the virus (“variability between seasons” in Table 6.1).
Studies that analyse single seasons estimate the variable population
susceptibility and IAR per season and per age group [292, 304, 305].
However, these models do not capture long-term trends, such as the
decline in natural-immunity levels. This may lead to an overly optimistic
assessment of the impact of vaccinating children.

One modelling study has combined multiseason dynamics and variability
between seasons [293]. This study showed that even though vaccinating
children will lower the influenza incidence on average, influenza seasons
could become more erratic; seasons with low influenza activity could be
followed by large outbreaks due to the build-up of susceptible persons
within the population. Such variation of the epidemic size grows with
increasing vaccination coverage (Figure 6.2). For example, at a
vaccination coverage of 50% in children, the probability of a year
without an influenza epidemic is 29%, compared to 4.4% without child
vaccination. At the same time, the probability of having a very large
epidemic (comparable to season 2014-2015) is 1.5%, compared to
0.2% without child vaccination. These findings imply that planning for
required healthcare resources becomes increasingly more difficult, as on
average healthcare demands are lower, but they also may exceed
available capacity more often.
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Table 6.1 Overview of transmission models by model categor

No Yes
No | Weycker et al. [297] US | Vynnycky et al. EW

[298] EW

Pitman et al. [299] DE

Rose et al. [302] EW/ES/BR/T
Gibson et al. [301] W

Gerlier et al. [303] BE

Gerlier etal. [300] FR

Yes | Baguelin et al. [292] EW | Backer et al. [293] NL

Meeyai et al. [304] TH
Weidemann et al. DE
[305]

Impacts of paediatric vaccination programme according to these models are shown in
Figure 6.1. The model is applied to the following countries: BE (Belgium), BR (Brazil), DE
(Germany), ES (Spain), EW (England and Wales), FR (France), NL (The Netherlands), TH
(Thailand), TW (Taiwan) and US (United States of America).

100
o
80 A Weycker (2005)
§ ¢ Vynnycky (2008)
E ¢ Pitman (2012)
= 60 — o Baguelin (2013)
c ¢ Rose (2014)
2 o Meeyai (2015)
3 40 - ¢ Gibson (2016)
“"E’ * Gerlier (2016)
S o Gerlier (2017)
£ 20 m Weidemann (2017)
o Backer (2018)
0 - 1 | | |
0 20 40 60 80 100

effective vaccination coverage in children (%)

Figure 6.1 Mean reduction in influenza infection attack rate (IAR) as a function
of effective vaccination coverage in the paediatric vaccination programme for
different transmission models

The effective vaccination coverage is the multiplication of the vaccination coverage and the
assumed vaccine efficacy for the target age group. Results are shown for the largest target
groups in each study from children 0.5-2 years old to those 16-18 years old. The studies
are subdivided into studies with only multiseason dynamics (diamonds), only variability

between seasons (squares), neither (triangles) or both (circles). Figure reproduced from
Backer et al. [293].
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Figure 6.2 Infection attack rate distribution after roll-out of the paediatric
vaccination programme for 2-16 year olds as a function of vaccination coverage;
mean (black line), median (white line), interquartile range (red area) and 95%
range (pink area)

The declining black and white lines show that, as expected, median and mean size of
epidemics will decrease with increasing vaccination coverage. The rising top of the pink

area shows that, unexpectedly, the occurrence of extremely large epidemics will increase
with increasing vaccination coverage. Figure reproduced from Backer et al. [293].

For the Netherlands, the impact of child vaccination has been assessed
in two other modelling studies the results of which are yet to be
published. First, in the European project I-MOVE+ the impact of child
vaccination is assessed for several European countries using the model
by Baguelin et al. [292]. Preliminary findings for the Netherlands
suggest a sizeable reduction in the population-wide IAR at a coverage of
50% in healthy children (unpublished manuscript), but this result
applies only to the first year of childhood vaccination. Secondly, at the
University of Groningen the paediatric programme has been studied with
an adapted version of the model by Pitman et al. [299], [306], which
also suggests a considerable impact on the IAR (unpublished
manuscript). However, in this study the variability between influenza
seasons is not taken into account.

The Belgian Healthcare Knowledge Centre published a report on
targeting children for vaccination in 2013
(kce.fgov.be/sites/default/files/atoms/files/KCE_204Cs_Seasonal_influe
nza_vaccination_partll.pdf) that adapted the model by Vynnycky et al.
[298] to the Belgian setting. At an 80% coverage in children 2 to 17
years old, they estimated a 22% reduction in influenza cases. This is
notably lower than that found in the original work, possibly due to the
use of more realistic values for VE and duration of protection.

6.2.2 Impact of paediatric vaccination programme from observation
In Japan a vaccination programme for schoolchildren (aged 7-15 years)
was in place from 1962 to 1987, with coverage levels ranging from 50 to
85%. In a time-series analysis, Reichert et al. [307] found that
mortality attributed to pneumonia and influenza dropped significantly in
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this period and rebounded after repealing the programme. However, the
mortality rates before the start of the vaccination in Japan were much
higher than those seen currently in European countries, making the two
settings difficult to compare.

A more comparable situation is the paediatric programme in the UK,
that was initiated in the 2013-2014 season by gradually increasing the
vaccinated cohort. Progress of vaccine uptake levels and impact on
several disease indicators are being monitored [88, 308, 309],
comparing pilot (full vaccination) with non-pilot (limited vaccination)
areas. Most disease indicators such as influenza-confirmed
hospitalisations were consistently lower in the pilot areas than in the
non-pilot areas, but the differences were mostly non-significant.
Hardelid et al. [310] compared influenza-associated admission rates to
paediatric ICUs before and after the introduction of the paediatric
programme. In the target age group, the admission rate increased, and
no difference was found for older children. Hence, the authors concluded
that the study period was too short to observe a potential long-term
effect of the paediatric programme, as it has not yet been fully
implemented.

Impact of influenza vaccination programmes for the elderly and
persons with co-morbidities

In most European countries, influenza vaccination is recommended for
individuals at high risk of complications after influenza infection and for
elderly persons above a certain age. Here we give an overview of the
published literature on what impact the current programme has had on
influenza outcomes, i.e., number of cases, hospitalisations and deaths.
We distinguish analyses based on historical observations versus
computer simulations.

Impact of current vaccination programme based on observation
Analysis of influenza incidence before and after the implementation of
the current vaccination programme can suggest the impact of the
programme. Initially, the current programme included only the high-risk
population. In approximately 2000, the programme was extended in
most European countries to the elderly population above a certain age
(generally 65 years). Three articles assess the impact of adding the
elderly to the vaccination programme:

1. For England and Wales, Mann et al. [311] estimated excess
mortality using a time series of pneumonia or influenza deaths in
a multivariable regression model. They found decreasing
mortality trends over the period of study (1975-1976 to 2004-
2005), but only weak evidence that the increased vaccination
coverage had a role in this decrease.

2. For the Netherlands, McDonald et al. [312] attributed influenza
cases to ILI cases in a short time series of 4 years before and
after policy change. They found no effect after the vaccination of
persons 65 years and older began in 1997, but a strong effect
when the age limit was lowered to 60 years in 2008. This
counterintuitive result may have been caused by the limited
number of influenza seasons in the analysis or by long-term
trends that were not considered.
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3. For Scotland, Corson et al. [313] estimated with Poisson
regression that 10 influenza-related and 123 COPD-related
deaths, as well as 21 influenza- and 425 COPD-related
hospitalisations, were prevented annually after the inclusion of
persons over 65 years of age in the vaccination programme.
However, they did not provide the relative reduction or evidence
that these reductions were caused by the change in the
vaccination programme.

In summary, analyses based on observations are often hampered by a
lack of data when only a limited number of seasons before and after the
policy change are available and also by changes in circumstances that
may confound the analysis. Influenza incidence has been steadily
decreasing over the last decades, but it is difficult to quantify to what
extent vaccination contributes to that trend.

6.3.2 Impact of current vaccination programme based on computer
simulations
Many influenza transmission models have been developed. A few have
assessed the impact of the current programme by comparing
simulations with and without vaccination. Table 6.2 compares the results
for six studies. The results for England/Wales and the Netherlands are
similar, despite different transmission models. For countries that have a
high vaccination uptake, such as the US, a large impact on infections is
found mainly through indirect effects [314]. Eichner et al. [315] predict
a similar high impact with a similar high coverage. For Germany,
however, vaccination coverage of approximately 20% as used by
Weidemann et al. [305] seems to correspond more accurately with
current German uptake rates.

Table 6.2 Comparison of published results on the impact of the current
vaccination programme (CP) targeting high-risk groups and the elderl

Baguelin et al. [316] EN - 17% - -
Baguelin et al. [292] EN/WL 18% 16% - 40%
Eichner et al. [315] DE 45% 41% - -
Weidemann et al. DE 18% - 9% -
[305]

Arinaminpathy etal. US >45% 38%* - -
[314]

Backer et al. [294] NL 21% 13% 24% 35%

Only point estimates or means given.

* Average over 7 seasons (min: 21%, max: 48%)

# DE (Germany), EN (England), NL (The Netherlands), US (United States of America), WL
(Wales)

In the above overview, the focus is on transmission models that take
direct and indirect effects of vaccination into account. In other studies,
the impact was assumed to be equal to the effective vaccination
coverage, i.e., vaccination coverage multiplied by VE. In general, these
models can account only for direct effects and will underestimate the
effect of vaccination (e.g., Kostova et al. [317], Foppa et al. [318]).
Preaud et al. [319] applied this method to the EU27 region and
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estimated that under the current vaccine uptake levels, 45,300 to
65,600 hospitalisations, and 25,200 to 37,200 deaths are averted
annually by influenza vaccination.

In summary, modelling studies show that the current influenza
vaccination programme averts a considerable number of influenza-
related hospitalisations and deaths, as it directly targets the groups with
highest morbidity and mortality. However, evidence from practice that
vaccination has changed observed time series of outcomes is weak, due
to variability in influenza seasons and changing circumstances.
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Cost-effectiveness of vaccination

Summary

Maternal influenza vaccination

No cost-effectiveness study of maternal influenza vaccination in the
Netherlands is available. Cost-effectiveness studies from England and
Wales and from Belgium estimated that, from a healthcare payer’s
perspective, the incremental cost-effectiveness ratio (ICER) of influenza
vaccination of healthy pregnant women was between €6,000 and
€26,000 per quality-adjusted life year (QALY) gained, which was cost-
effective according to each country’s national threshold. This conclusion
did not change when the efficacy transfer to newborns was excluded.
Whether maternal vaccination would be cost-effective in the Netherlands
is unclear, as the Dutch conventional cost-effectiveness threshold of
€20,000 per QALY gained falls within this estimated range. Moreover,
the studies deviate in some aspects from the Dutch cost-effectiveness
guidelines with regard to study perspective, discount rates and included
cost components. Finally, timing of vaccination seems important, as
vaccination was only cost-effective in England and Wales for pregnant
women who were vaccinated in their second or third trimester during
the months September to December.

Childhood influenza vaccination

A dynamic modelling study from the Netherlands estimated that the cost
effectiveness of influenza vaccination of children aged 2-16 years was on
average €57,045 per QALY gained when health outcomes of the children
themselves were accounted for. On average it was €3,944 per QALY
gained when health outcomes of the entire population were accounted
for when a societal perspective was adopted. This would not be cost-
effective for the threshold of €20,000 per QALY gained for the children
themselves, but it would be cost effective for the entire population (the
latter finding is consistent with cost-effectiveness analyses from other
European countries). This discrepancy arises because the main health
benefits of childhood vaccination go to the elderly through herd-
immunity. Childhood vaccination was also predicted to increase the
number of severe influenza seasons, which may lead to problems with a
peak demand that may exceed available healthcare capacity. Moreover,
this analysis found a non-negligible risk of an unintended perverse
outcome, where the overall quality of life will decrease after introduction
of the childhood vaccination programme.

Current vaccination programme

There are no peer-reviewed publications on the cost effectiveness of the
current influenza vaccination programme in the Netherlands. A Dutch
cost-effectiveness study that was not peer-reviewed but mentioned in a
previous report of the Health Council of the Netherlands in 2007 found
that vaccination of persons aged 60 to 64 years was cost effective from
a societal perspective, with a corresponding ICER of €15,810 per QALY
gained. However, due to the use of a static model, no potential herd
effects were included. A static modelling study from Belgium estimated
the cost effectiveness of vaccination of high-risk individuals under 65
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years of age to be between €14,378 and €24,768 per QALY gained,
depending on age. This was cost effective to Belgium’s national
threshold. Dynamic modelling studies from England and Wales and from
Finland found that vaccination of older adults and high-risk patients was
highly cost effective as compared to each country’s theirthreshold. A
recent dynamic modelling study from England and Wales estimated that
the cost effectiveness of vaccinating healthy older adults may cease
after introduction of the childhood influenza programme due to reduced
circulation of the virus. Since 2016, the Dutch cost-effectiveness
guideline recommends including so-called indirect healthcare costs
(those unrelated to influenza in gained life-years). This has not been
taken into account in any published study, but is expected to have
considerable impact on the cost effectiveness of the current influenza
vaccination programme.

Quadrivalent influenza vaccine

No cost-effectiveness study of the quadrivalent influenza vaccine (QIV)
as compared to the trivalent influenza vaccine in the Netherlands is
available. Results from other European studies suggest that a switch
from TIV to QIV is likely to be cost effective according to national
thresholds. However, these studies may have limited validity in the
Dutch context due to methodological differences such as perspective,
discounting and included cost components. A major limitation is that no
high-quality data exist on the additional efficacy that QIV provides over
TIV. Therefore, all studies have had to estimate the difference, using
biologically plausible assumptions. The cost effectiveness depends highly
on the vaccine price of QIV. A dynamic modelling study from England
estimated that the maximum possible vaccine price to be cost-effective
for a threshold of £20,000 per QALY gained was substantially higher for
children than older adults, given the relatively higher influenza B burden
in children and the herd immunity that is offered by vaccination of this
target-group.

GLOSSARY

Cost-effectiveness analysis

Cost-effectiveness analyses give important information on the efficiency
of healthcare interventions by comparing relative costs and outcomes
(effects). Consistent evaluation of cost effectiveness over the disease
trajectory from prevention to care may provide useful data to support
the setting of healthcare priorities.

Quality-adjusted life year

The quality-adjusted life year (QALY) is often used as a generic measure
of effect in cost-effectiveness analysis. It includes both the quality and
the quantity of life lived. One QALY is equal to 1 year of life in perfect
health. QALYs are calculated by estimating the years of life remaining
for a patient following a particular treatment or intervention and
weighting each year with a quality-of-life score (on a O to 1 scale).

Costs

Costs are usually distinguished between 1) healthcare costs (e.g. costs
of GP visits and hospitalisations), 2) patient costs (e.g., costs of
traveling and over-the-counter medication) and 3) productivity losses

Page 90 of 139



7.1

RIVM Letter report 2019-0002

(e.g.,. costs of sick workers who are absent or those who are present
but less productive). Since 2016, the Dutch guideline of cost
effectiveness in healthcare research recommends including indirect
healthcare costs in the cost-effectiveness analysis. These include costs
of healthcare use unrelated to the disease that occur during the life-
years gained because of the intervention. This approach may have
substantial impact on the cost effectiveness of interventions against
diseases with considerable mortality, such as influenza. Historically,
Dutch analyses and analyses from other countries do not usually include
indirect healthcare costs.

Perspective

The perspective of the analysis determines which costs are included.
The two perspectives most often used are that of the healthcare payer,
which includes only healthcare costs, and that of society, which includes
healthcare costs, patient costs and productivity losses.

Discounting

Discounting is used to account for time preference, as future costs and
effects are valued at less than current costs and effects. The Dutch
guideline recommends the use of differential discount rates of 4% per
year for costs and 1.5% per year for effects. Most other countries
recommend equal discount rates for costs and effects. Use of a higher
discount rate for costs than for effects usually results in more optimistic
cost-effectiveness outcomes compared to the use of equal discount rates
for costs and effects.

Incremental cost-effectiveness ratio
The incremental cost-effectiveness ratio (ICER) is calculated as follows:
(COStSNew strategy — COStSCurrent practice)

ICER =
(EffeCtsNew strategy ~— EffeCtsCurrent practice)

Cost-effectiveness threshold

Interventions are considered cost effective when the ICER falls below
the cost-effectiveness threshold. In the Netherlands, no official threshold
exists, but the conventional threshold for preventive interventions such
as influenza vaccination is €20,000 per QALY gained. For therapeutic
interventions, higher thresholds of €50,000 to €80,000 per QALY gained
are used. Cost-effectiveness thresholds differ among countries.

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis is a recommended technique to quantify
the level of confidence of the model output in relation to uncertainty in
the model inputs. Sets of parameter values are repeatedly (typically
1,000-10,000 times) drawn by random sampling from each input
distribution,* and outputs (costs and effects) are stored. Results can be
visualized in a cost-effectiveness plane, and the proportion of cost-
effective simulations can be analysed over a range of thresholds (cost-
effectiveness acceptability curve).

Cost-effectiveness of maternal vaccination

No cost-effectiveness analysis of maternal influenza vaccination for the
Dutch context is available in the literature. There are, however, two

Page 91 of 139



RIVM Letter report 2019-0002

cost-effectiveness studies available from other countries in Western
Europe (Table 7.1).

A study from a healthcare payer’s perspective by Jit et al. [296] for
England and Wales in 2010 estimated the incremental cost-effectiveness
ratio (ICER) of maternal vaccination in the second or third trimester at
£23,000 (approx. €26,000) per quality-adjusted life year (QALY) gained,
when vaccination occurred in the period of September to December.
This was not cost-effective to a threshold of £20,000 per QALY gained,
but cost-effective to a threshold of £30,000 per QALY gained. The
probabilistic sensitivity analysis showed that 69% of the simulations
were cost-effective to a threshold of £30,000 per QALY gained.
Sensitivity analysis for the period of administration concluded that
vaccination outside the period September to December* was not likely
to be cost-effective to this threshold. The analysis assumed a relatively
high vaccine efficacy of 80% for pregnant women themselves, and an
influenza risk reduction of 71% for their children aged 1-6 months.
Excluding the efficacy transfer to children increased the ICER to €28,000
per QALY gained. As pregnhant women are not expected to receive a
vaccination invitation in the next year, the ICER would decrease to
£15,000 per QALY gained when the efficacy in the second year was
assumed to be half of the efficacy in the first year. A limitation of this
study is that the loss of QALYs due to fetal death was not taken into
account.

Also from a health payer’s perspective, a study by Blommaert et al.
[295] for Belgium in 2014 found that the ICER of maternal influenza
vaccination in the second or third trimester was €6,616 per QALY
gained. This was highly cost effective to Belgium’s threshold of €35,000
per QALY gained. The probabilistic sensitivity analysis (PSA)
demonstrated that all simulations were below a threshold of €35,000 per
QALY gained.The analysis assumed vaccination in mid-November, a
vaccine efficacy of 59% for pregnant women and an efficacy transfer
from mother to newborn of 50%. Excluding the transfer of vaccine
efficacy to the child would double the ICER to approximately €13,000
per QALY gained.

Whether maternal vaccination would be cost effective in the Netherlands
is unclear, as the Dutch conventional cost-effectiveness threshold of
€20,000 per QALY gained falls within the estimated range of €6,600-
€26,000 per QALY gained. Moreover, the Dutch guidelines deviate to
some extentextend from the methodology used in the above studies, as
they recommend the inclusion of indirect healthcare costs and the use of
a societal perspective. A limitation in both studies is that the potential
efficacy transfer from the mother to the newborn seems to be
overestimated, as recent clinical trials found an efficacy transfer to
infants during the first 6 months of age between 30 to between 30%
and 49% [320]. However, both studies estimated that maternal
influenza vaccination remained cost effective when the efficacy transfer
to newborns was excluded.
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Table 7.1 Overview of European studies on the cost effectiveness of vaccination of nant women against influenza.
Study Country Model Analysed Comparison Time- Perspecti Cost items Health Vaccine Cost

type population horizon ve outcomes costs effectivenes
/ per s (Cost per
discount individu QALY
rate al gained)
Jit, 2010 England Static Pregnant Vaccination of 2y /3.5% NHS Vaccine, QALYs £13.54 £23,000
[296] & Wales women 15- high-pregnant for costs administratio
49y women versus and n, GP visits,
no vaccination health hospitalisatio
effects ns
Blommae Belgium  Static Pregnant Vaccination of 1y / 3% HCP Vaccine, GP QALYs and €11.81 €6,616
rt, 2014 women 15- pregnant for costs visits, life-
[295] 44y women versus and 1.5% hospitalisatio expectancy
vaccination of  for health ns, deaths
high-risk effects
pregnant
women only

HCP: Healthcare payer’s perspective, NHS: National health service, QALY: Quality-adjusted life year, GP: general practitioner, y: year(s)
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7.2
7.2.1

Cost effectiveness of childhood influenza vaccination
Cost effectiveness of childhood influenza vaccination in the Netherlands

De Boer et al. assessed the cost effectiveness of a childhood influenza
vaccination programme using quadrivalent live attenuated influenza
vaccine (Q-LAIV) in the Netherlands (submitted manuscript). Two other
unpublished studies also assessed the cost effectiveness of childhood
influenza vaccination in the Netherlands. First, in the European project I-
MOVE+ the cost effectiveness of this vaccination was assessed for
several countries using the model by Baguelin et al. [292]. Second, at
the University of Groningen the paediatric programme was studied with
an adapted version of the model by Pitman et al. [306]. As these studies
have not yet been submitted, we focus in this document on de Boer et
al. Their cost-effectiveness study relied on a dynamic transmission
model developed by Backer et al.[321] (see paragraph 6.2.1). More
details of the cost-effectiveness analysis are given in Table 7.2. The
cost-effectiveness analysis was conducted according to the Dutch
guideline on health healt-economic evaluations, as the societal
perspective was used and indirect healthcare costs were included.

Table 7.2 Main study characteristics and parameter inputs of the cost-

effectiveness studi of childhood influenza vaccination in the Netherlands

Publication of
underlying
transmission model

Backer et al. 2018 (Netherlands) [294, 321]

Model type

Dynamic, compartmental

Model features

(+) Multiseason dynamics
(+) Variability between seasons
(-) Subtype specific

Calibration

Influenza-associated GP visits using ILI notifications and viral
data from the period 2004-2015 and effectiveness estimates
from literature

Time horizon

20 years (annual time-steps)

Discount rates

4% for costs, 1.5% for health effects

Perspective Societal

Target groups Children 2-3, 2-12, 2-16 years
Vaccine type Q-LAIV

Coverage for children 50%

Vaccination costs €14.95

Included disease-
related cost
components

Healthcare costs

GP visits (including prescribed drugs and specialist visits),
hospitalisations, indirect healthcare costs

Patient costs

OTC medication, travel costs

Productivity losses

Influenza cases and caregivers of children aged 0-14

QALY losses

Cases, GP visits, hospitalisations, deaths

GP: General practitioner, ILI: Influenza-like-illness, Q-LAIV: Quadrivalent live-attenuated
vaccine, HCP: Healthcare payer’s perspective, OTC: over the counter

The impact of vaccination of children aged 2-16 years at 50% coverage
is shown in Table 7.3. Across 1,000 simulations, extension of current
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policy with childhood influenza vaccination resulted in an average annual
reduction of 57,266 cases in the general population, preventing 1,288
hospitalisations and 318 influenza deaths. Among children aged 2-16
years, 31,522 cases, 615 hospitalisations and 0.5 deaths were
prevented, representing 55% of the total number of averted cases, 48%
of the total number of averted hospitalisations and 0.1% of the total
number of averted deaths. With regard to cost-effectiveness outcomes,
the total discounted net costs increased by €182 million over a period of
20 years. Vaccination costs and healthcare costs in gained life years
increased by €286 million and €355 million, respectively, whereas the
direct healthcare costs, patient costs and productivity losses decreased
by €69 million, €86 million and €303 million, respectively. The total
number of discounted QALYs gained was estimated at 43,512,
predominantly due to averted mortality. When only outcomes among
children aged 2-16 years were considered, the total discounted net cost
was €149 million, and the total number of discounted QALYs gained was
2,611.

Table 7.3 Main model outcomes of a childhood influenza vaccination programme
for children aged 2-16 years at 50% coverage in the Netherlands over 20 years.
Outcomes are averaged across 1,000 simulations. Costs and QALYs include an

annual discount rate of 4% and 1.5%, resiectiveli.

Average annual clinical outcomes

as compared to the current

programme (percentage)
Symptomatic cases 57,266 (18%) 31,522 (36%)
GP visits 13,352 (19%) 7,628 (37%)
Hospitalisations 1,288 (17%) 615 (42%)
Deaths 318 (10%) 0.5 (29%)

Total cost difference (€, millions) 172 149
Vaccination costs (€, millions) 286 286
Direct HC costs (€, millions) -69 -26
Indirect HC costs (€, millions) 344 0
Patient costs (€, millions) -86 -47
Productivity losses (€, millions) -303 -64

Total QALY difference -43,512 -2,611
QALYs illness -4,163 -2,277
QALYs mortality -39,350 -334

Y: years, GP: General practitioner, HC: Healthcare, QALY: Quality-adjusted life year

The cost-effectiveness results by age group are presented in Table 7.4.
Vaccination of children aged 2-16 years dominated scenarios of
vaccination of children aged 2-3 years and 2-12 years due to a higher
QALY gain against a lower ICER. The average ICER of vaccination of
children 2-16 years, compared to current practice, was estimated at
€3,944 per QALY gained, which was cost effective to the conventional
Dutch threshold of €20,000 per QALY gained. When only outcomes in
children aged 2-16 years were considered, the ICER of vaccination of
children aged 2-16 years was on average €57,054 per QALY gained,
which was not cost effective.

Page 95 of 139



RIVM Letter report 2019-0002

Table 7.4 Cost-effectiveness outcomes of childhood influenza vaccination in the
Netherlands over 20 years. Outcomes are averaged across 1,000 simulations.
Costs and QALYs include an annual discount rate of 4% and 1.5%, respectively.

Within total
population
Current 4,127 432.9

programme (CP)

CP + 2-3y 4,150 431.1 Ext.
dominance*
CP + 2-12y 4,230 407.2 Ext.
dominance*
CP + 2-16y 4,299 389.4 172 43.5 3,944
Within children
aged 2-16y
Current 390
programme (CP) 7.32
CP + 2-3y 416 Ext.
7.05 dominance*
CP + 2-12y 510 Ext.
5.60 dominance*
CP + 2-16y 539 4.71 149 2.61 57,054

*A strategy was considered dominant when there was a more effective strategy at lower
costs (strict dominance) or lower ICER (extended dominance). ICER: Incremental cost-
effectiveness ratio, QALY: Quality-adjusted life year, y: years

The probability sensitivity analysis demonstrated high uncertainty
around the absolute impact of the childhood vaccination programme,
when outcomes in the entire population were considered. Measured over
20 seasons, the majority of simulations (93.4%) showed that
vaccination of children aged 2-16 years was more effective against
higher costs, whereas there was a small probability (0.2%) that
childhood vaccination was more effective against lower costs (Figure
7.1). However, 6.4% of the simulations showed that introducing a
childhood influenza vaccination programme was less effective than the
current influenza programme, resulting in a net loss of QALYs.
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Figure 7.1 Probabilistic sensitivity analysis with 1,000 simulations of vaccination
of children aged 2-16 years at 50% coverage in the Netherlands over 20 years.
Costs and QALYs include an annual discount rate of 4% and 1.5%, respectively.
QALY: Quality-adjusted life year

The cost-effectiveness acceptability curve demonstrates that the current
program has the highest probability of being the most cost-effective
alternative below a threshold of €5,007 per QALY gained, whereas
vaccination of children aged 2-16 years is the most cost effective above
this threshold (Figure 7.2). At the conventional threshold of €20,000 per
QALY gained, confidence that vaccination of children aged 2-16 years is
the most cost-effective alternative is 89%.
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Figure 7.2 Cost-effectiveness acceptability frontier with 1,000 simulations of
several childhood influenza vaccination programmes at 50% coverage over 20
years. Costs and QALYs include an annual discount rate of 4% and 1.5%,
respectively. CP: Current programme, QALY: Quality-adjusted life year

A univariate sensitivity analysis demonstrated that the coverage in
healthy children had limited impact on the ICER, although the absolute
impact increased substantially when higher coverages were used. The
highest impact on the ICER was found when indirect healthcare costs
were excluded in the analysis, changing the average ICER to saving
costs as compared to the current programme.

As explained in paragraph 6.2.1, the dynamic model predicted that a
childhood influenza vaccination programme would lead to increased
variability in size of epidemics. The cost-effectiveness analysis
demonstrated that the programme would increase the number of
seasons with large influenza epidemics in 23.3% of the simulations.
Here, a season with large influenza epidemics was defined as an IAR
higher than any observed in the 11 seasons used to calibrate the model.
Figure 7.3 shows how the increase of the number of seasons with large
influenza epidemics corresponds to the gain of QALYs over 20 seasons.
We found that simulations with a higher increase in the number of
seasons with large epidemics on average resulted in a lower QALY gain.
Furthermore, simulations with an increase in the number of seasons
with large influenza epidemics resulted more often in a net QALY loss
compared to seasons with no such increase. This suggests that the
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health burden in seasons with large epidemics offset the alleviated
health burden in the seasons with small epidemics.
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Figure 7.3 Relation between the increase in number of seasons with large
influenza epidemics and the incremental quality-adjusted life years (QALYS)
following a childhood influenza vaccination programme for children aged 2-16
years at 50% coverage. Results are based on 1,000 simulations of a probabilistic
sensitivity analysis. A time horizon of 20 years was used, and costs and QALYs
include an annual discount rate of 4% and 1.5%, respectively. Red dots
represent 6.4% of the 1,000 simulations that resulted in an overall QALY loss.
Red percentages illustrate the proportion of red dots as compared to the total
number of dots for that specific increase in the number of large seasons.

In summary, on average, the introduction of a childhood vaccination
programme is cost effective only if evaluated for the entire population.
For the children themselves, vaccination is not cost effective. Moreover,
there may be a serious risk that a childhood vaccination programme
could have an unintended perverse outcome wherein the overall quality
of life would decrease after introduction of the programme due to an
increase in severe epidemics.

Cost effectiveness of childhood influenza vaccination in other European
countries

Table 7.5 shows an overview of European studies that assessed the cost
effectiveness of childhood influenza vaccination using a dynamic
transmission model. Three studies were conducted for England and
Wales, one study for Germany and one study for Belgium.

More details on the epidemiological impact of these studies are available
in paragraph 6.2.1.
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Overall, the majority of studies found that childhood influenza
vaccination was cost effective to the national threshold. A study by
Pitman et al. [306] found that vaccination of healthy children aged 2-4,
2-10 or 2-17 years ranged between £128-365 per QALY gained from the
healthcare payer’s perspective, which was cost effective to a threshold
of £20,000 per QALY gained. In addition, they found that vaccination
with LAIV for children aged 2-4 years was cost-saving, and that
strategies with LAIV dominated strategies with TIV (higher QALY gain
against lower costs). This was explained by higher efficacy for LAIV
compared to TIV, while the vaccine prices were assumed to be equal.

Vaccination was also found to be cost effective (£2,314-5,561 per QALY
gained) when only the impact among children aged 2-18 years was
considered. A study from the Belgian Healthcare Knowledge Centre
(KCE) [322] estimated that vaccination of children aged 12-17, 5-17
and 2-17 years with LAIV ranged between €42,046-44,415 per QALY
gained from a healthcare payer’s perspective. This was not cost effective
to a threshold of €35,000 per QALY gained. The ICER was relatively
higher than that found in the study by Pitman et al. due to a more
conservative assumption regarding the duration of protection of
vaccination, which resulted in a lower impact of vaccination and a lower
QALY loss per illness. A study by Baguelin et al. [323] for England and
Wales estimated the ICER of vaccination of children aged 2-4 years, 5-
16 years and 2-16 years with LAIV at £1,745-2,612 per QALY gained,
from the healthcare payer’s perspective, which was cost effective to a
threshold of £20,000 per QALY gained.

The most cost-effective policy was vaccination of children 5-16 years
old, and childhood vaccination policies were found to be more cost
effective than vaccination of older adults and high-risk groups.
Vaccination was also cost effective for children aged 2-16 years (£7,713
per QALY gained), when herd effects for other age groups were
excluded. A study by Damm et al. [324] for Germany found that
vaccination of children aged 2-17 years with LAIV was highly cost
effective from the healthcare payer’s perspective (€1,228-2,265 per
QALY gained, depending on cost components included), while
vaccination from a societal perspective was cost-saving. Finally, a study
by Thorrington et al. [325] for England and Wales found that vaccination
of children aged 4-10, 11-16 or 4-16 years using LAIV was cost effective
from the National Health Service (NHS) perspective (£3,117-16,152 per
QALY gained). These findings represent the optimum findings over a
range of uptake rates.
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Table 7.5 European studies assessing the cost effectiveness of extending the existin

rogramme with vaccination of healthy children

Pitman et. England Dynamic Vaccination 2-18y TIV or 200 years / NHS £38.60 for TIV: TIV:
2013 [306] and for all LAIV / 3.5% for either TIV or 2-4y: £128 2-4y: £2,936
Wales children 50% costs and LAIV 2-10y: £361 2-10y: £4,551
versus high- effects 2-17y: £365 2-17y: £5,561
risk children LAIV: LAIV:
only 2-4y: Cost-saving 2-4y: £2,314
2-10y: £226 2-10y: £4,075
2-17y: £253 2-17y: £5,305
KCE report, Belgium Dynamic Vaccination 2-17y LAIV / NR / 3% HCP €35.13 LAIV: NR
2013 [322] for all 50% costs and 12-17y: €42,046
children 1.5% 5-17y: €44,260
versus high- effects 2-17y: €44,280
risk children TIV in <2y and
only LAIV in 2-17y:
€44,415
Baguelin et England Dynamic Vaccination 2-16y LAIV / 1 year / NHS £15.85 2-4y: £2,612 2-16: £7,713
al. 2015 and for all 50% 3.5% for 5-16: £1,745
[323] Wales children costs and 2-16: £1,949
versus high- effects
risk children
only
Damm et Germany Dynamic Vaccination 2-17y LAIV / 10 years / HCP, HCP €26.67 TPP small: €2,265 NR
al. 2015 for all 50% 3% for broad®, TPP broad*:
[324] children costs and societal €1,228
versus high- effects Societal: Cost-
risk children saving

Page 101 of 139




RIVM Letter report 2019-0002

only
Thorrington England Dynamic Vaccination 4-16y LAIV / 1 year / NHS £17.03 4-10y: £3,117 NR
etal. 2017 and for all 0-100 3.5% for (100% uptake)®
[325] Wales children costs and 11-16y: £4,280
versus high- effects (100% uptake)®
risk children 4-16y: £16,152
only (48% uptake in 4-
10y, 34% uptake
in 11-16y)°

2Includes vaccine cost and administration costs, "HCP broad includes also childcare sickness benefits, ° Reflects the optimal policy from cost-
effectiveness point of view. HCP: Healthcare payer, NHS: National Health Service, NR: Not reported, QALY: Quality-adjusted life year; TIV: trivalent
influenza vaccine; LAIV: live attenuated influenza vaccine, Y: year(s), ICER: incremental cost-effectiveness ratio, TPP: Third-party payer
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Cost effectiveness of the current vaccination programme

No study is available in the literature on the cost effectiveness of the
current Dutch influenza vaccination programme, i.e., vaccination of
older adults aged =60 years and individuals aged <60 years with clinical
risk conditions. However, a Dutch study was conducted on the cost
effectiveness of programmes in healthy adults aged 50-64 years, and
studies from other European countries have evaluated programmes
similar to that of the Dutch (Table 7.6). Meijboom et al.[326] used a
static model to assess the cost effectiveness of vaccination of healthy
adults aged 50-64 years in the Netherlands. The authors reported that
vaccination of this target group would annually prevent 26 deaths and
103 acute cardiovascular events. The ICER of vaccination of healthy
adults aged 50-64 years was €17,418 per QALY gained, from a
healthcare payer’s perspective, and €14,926 per QALY gained from a
societal perspective. Stratification by age showed that vaccination of
adults aged 60-64 years was most cost-effective with an ICER of
€11,539 per QALY gained from a healthcare payer’s perspective and
€9,860 per QALY gained from a societal perspective.

Table 7.6 lists also cost-effectiveness studies of target-groups that are
currently included in the influenza vaccination programme from other
European countries. A study from Belgium using a static model assessed
the cost effectiveness of a programme including individuals with clinical
risk conditions, from a healthcare payer’s perspective [295]. With a
relatively high vaccination cost of €35.13 per person, the ICER was
estimated at €22,008, €24,768 and €14,378 per QALY gained as
compared to no vaccination for individuals aged 0-14, 15-49 and 50-64
years, respectively. This would be cost effective to the Belgian threshold
of €35,000 per QALY gained.

Three dynamic modelling studies from England and Wales analysed the
cost effectiveness of a vaccination programme for older adults 265
years and individuals aged <65 years with clinical risk conditions. A
study by Baguelin et al. in 2012 found that such a programme would
lead to a 28% reduction in influenza incidence with a good vaccine
match and a 9% reduction with a poor vaccine match, as compared to
no vaccination. More than half of the prevented cases occurred in the
non-targeted population via herd immunity. From the perspective of the
National Health Service, the cost effectiveness of the programme at that
time, in a season with a good vaccine match, was estimated at £6,500
per QALY gained for high-incidence seasons and £24,700 per QALY
gained for low-incidence seasons. In the event of a poor vaccine match,
the ICER was estimated at £19,400 per QALY gained for high-incidence
seasons and £72,100 per QALY gained for low-incidence seasons. This
implies that the current programme would be cost effective to a
threshold range of £20,000-£30,000 per QALY gained, except when the
vaccine was poorly matched and the incidence was relatively low. In
2015, with use of the same model fitted to more influenza seasons,
Baguelin et al. [323] estimated that the ICER of the current programme
was on average £7,475 per QALY gained, which was regarded as highly
cost effective. A study by Pitman et al. found that vaccination of adults
aged =65 years and high-risk patients aged <65 years was cost saving.
This more optimistic finding was presumably explained by the
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assumption of a long duration of protection through vaccination. Nagy et
al. [327] in Finland predicted that the cost-effectiveness of vaccinating
adults aged =65 years, high-risk individuals aged <65 years and
children aged 0.5-3 years would reduce influenza incidence by 25%. The
ICER of this programme was estimated at €5,064 from a healthcare
payer’s perspective and €7,447 per QALY gained from a societal
perspective. In a modelling study for England and Wales, Hodgson et al.
[328] estimated the cost effectiveness of vaccinating the current target
groups, i.e. clinical risk groups and all adults aged =65 years, after the
childhood influenza programme was implemented. They found that
vaccination of high-risk individuals remained cost effective to a
threshold £20,000 per QALY gained in any scenario, but vaccination of
low-risk elderly ceased to be cost effective when vaccination of children
aged 2-16 years at 90% coverage was added (increase from £12,552 to
£29,145 per QALY gained). This was explained by a lower IAR in older
adults due to herd immunity resulting from the childhood programme.

The cost effectiveness of the current influenza vaccination programme
for the Netherlands is unclear, as no evaluation has been performed.
The existing literature suggests that vaccination of older adults and
individuals with clinical risk conditions is cost effective. For instance, if
vaccination of Dutch adults aged 60-64 appears to be cost effective from
a healthcare payer’s perspective, it seems highly likely that vaccination
of adults =65 years of age is also cost effective due to their higher
hospitalisation and mortality rates. Moreover, static models presumably
underestimate the impact of vaccination, as herd immunity is not
incorporated. A limitation is that indirect healthcare costs were not
included, which does not align with the most recent Dutch cost-
effectiveness guideline of 2016. Since the influenza-associated mortality
among older adults is expected to be considerable, the inclusion of
indirect healthcare costs may increase the ICER substantially. Studies
from England and Wales may be regarded as conservative because of
use of the healthcare payer’s perspective, while the Dutch cost-
effectiveness guideline recommend the use of societal perspective,
which includes the prevention of productivity losses. Finally, the cost
effectiveness of the current programme could be affected by a reduction
in the spread of influenza resulting from the introduction of a childhood
influenza programme. There are, however, no guidelines on how the
cost effectiveness of existing vaccination policies should be evaluated.
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Table 7.6: Overview of European studies on the cost effectiveness of vaccination of older adults and high-risk individuals.

Specific target groups

Meijboom, Netherla  Static  Healthy Vaccination of NS/NR? HCP, societal NR HCP: 50-64y: €17,418
2007 [326] nds adults 50- older adults aged 50-54y: €23.564
64y 50-64 years using 55-59y: €20,391
TIV versus no 60-64y: €11,539
vaccination Societal:

50-64y: €14,926
50-54y: €20,036
55-50y: €17,756
60-64y: €9,860

Blommaert, Belgium Static <65y with Vaccination of 1y / 3% for HCP €35.13 0-14y: €22,008
2014 [295] underlying high-risk costs and 1.5% 15-49y: €24,768
illnesses individuals aged for health 50-64y: €14,378
<65y with TIV effects
Vversus no
vaccination

Full programme

Baguelin, England Dyna Total Vaccination of 1y / 3.5% for NHS £16.37 Well matched:

2012 [316] & Wales mic older adults =65 costs and - High incidence: £6,500
years and health effects - Low incidence: £24,700
individuals <65 Non-well matched:
years with risk - High incidence:
conditions using £19,400
TIV versus no - Low incidence: £72,100

vaccination
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Pitman,
2013 [306]

England
& Wales

Dyna
mic

Total

Vaccination of
older adults =65
years and
individuals <65
years with risk
conditions using
TIV versus no
vaccination

200y / 3.5% for
costs and
health effects

NHS

£38.60

Cost-saving

Baguelin,
2015 [323]

England
& Wales

Dyna
mic

Total

Vaccination of
older adults =65
years and
individuals <65
years with risk
conditions using
TIV versus no
vaccination

1ly / 3.5% for
costs and
health effects

NHS

£15.85

£7,475

Nagy, 2016 Finland

[327]

Dyna
mic

Total

Vaccination of
older adults =65
years, individuals
<65 years with

risk conditions and

children 0.5-3
years using TIV
versus no
vaccination

20y / 3% for
costs and
health effects

HCP, societal

€11.21 for
<65y and
€11.34 for
=65y

HCP: €5,064
Societal: €7,447

Hodgson, England

Dyna

Total

Vaccination of

1ly / 3.5% for

NHS

£15.55

Increase from £12,552 in
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2018 [328] & Wales mic low-risk adults costs and absence of vaccination to
=65 years, health effects £29,145 in presence of
individuals <65 vaccination of children
years with risk aged 12-16 at 90%
conditions using coverage

TIV and children
2-16 years using
LAIV versus
vaccination of 2-
16 years using
LAIV only

HCP: Healthcare payer, LAIV: Live-attenuated influenza vaccine, NHS: National Health Service, NR: Not reported, QALY: Quality-adjusted life year, TIV:
Trivalent inactivated vaccine, y: year(s)
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Cost effectiveness of quadrivalent influenza vaccine

Studies conducted in Europe were selected from a systematic review of
the cost effectiveness of quadrivalent influenza vaccine [329] and
updated with the latest literature (Table 7.7). No cost-effectiveness
study has been published in the Dutch context, but nine other European
studies have been conducted for the UK, Germany, Finland, Spain and
Italy [327, 330-337]. Some studies used dynamic models that included
indirect effects like herd immunity, whereas other studies used static
models without herd effects. Most studies analysed the inactivated
vaccine, but others focused on countries with childhood influenza
vaccination recommendations (UK and Finland) and explored scenarios
of LAIV for children. Overall, the relative reduction of influenza with
quadrivalent vaccines as compared to trivalent vaccines varied from
0.67% in the UK to 11.3% in Finland. Dynamic models showed higher
reductions as compared to static models due to the impact of herd
effect. The systematic review of the cost effectiveness of quadrivalent
influenza vaccines indicated that the inclusion of cross-protection, the
level of influenza B circulation and the proportion of seasons with a
mismatch between TIV and the circulating lineage are important to the
impact of QIV as compared to TIV. Although the level of influenza B
circulation and proportion of mismatches did not differ dramatically
among European countries, assumptions on the level of cross-protection
did. For instance, the high impact of QIV in Finland is explained by their
not considering cross-protection in their analysis. Studies also show that
the impact of QIV may differ by age group. A dynamic modelling study
for England and Wales showed that a switch from LAIV to quadrivalent
LAIV (Q-LAIV) for children aged 5-12 years was expected to reduce
influenza incidence in the general population by 35%. This is explained
by the relatively higher burden of influenza B in children and the level of
indirect protection in the unvaccinated population that is provided by
vaccination of children. After a switch to Q-LAIV for healthy children, the
additional impact of changing from inactivated TIV to inactivated QIV for
high-risk individuals aged <65 years was 7.5%, and for adults aged =65
years, it was 2.2%.

Regarding the cost-effectiveness outcomes, all studies showed results
from a healthcare payer’s perspective or that of the National Health
Service (NHS), and five studies also showed results from a societal
perspective. From a healthcare payer’s perspective, the ICER of QIV as
compared to TIV among static models ranged from €11,118 to £28,443
per QALY gained for various age groups, and a study from Italy found a
higher ICER of €131,600 per QALY gained for older adults. The Italian
study is explained by a relatively high vaccine price and a conservative
estimate of influenza-associated mortality. Dynamic modelling studies
showed relatively lower ICERs, ranging from €667 to €14,461 per QALY
gained. Use of a societal perspective caused only a small decline in the
ICER as compared to the healthcare payer’s perspective in static
models, as most of the studies focused on vaccination of hon-working
older adults. Dynamic models, however, found reductions of influenza
through the entire population that included working adults. In these
studies, a switch to the societal perspective lowered the ICER
substantially. For instance, studies in Germany and Finland became
cost-saving when the societal perspective was adopted. The study for
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England and Wales included a threshold analysis, in which the maximum
price difference between QIV and TIV was estimated to remain cost-
effective for a threshold of £20,000 per QALY. For the switch of LAIV to
Q-LAIV for healthy children aged 5-16 years, the vaccine cost per dose
was allowed to increase by £6.36. Extension of this policy to a switch
from inactivated TIV to inactivated QIV for high-risk individuals aged
<65 years resulted in a maximum price increase of £1.84. The
maximum price increase of a switch from inactivated TIV to inactivated
QIV for adults aged =65 years was only £0.20.

In consideration of the results in the European literature, all except the
Italian study by Capri et al. revealed that a switch from TIV to QIV was
likely to be cost effective in all age groups according to the various
national thresholds. Dynamic modelling studies showed more optimistic
cost-effectiveness outcomes as compared to static studies. An age-
stratified analysis for England and Wales demonstrated improved cost-
effectiveness outcomes with a switch from LAIV to Q-LAIV for children
as compared with a switch from TIV to QIV for older adults.
Extrapolating results from other European studies to the Dutch setting is
hampered by differences in cost-effectiveness guidelines, such as
differences in perspective, discount rates and included cost components.
For instance, the inclusion of indirect healthcare costs could have
considerable impact on the ICER, as influenza is a disease with
substantial mortality. Moreover, the vaccination coverage among
children in Germany, Finland and the UK is higher than in the
Netherlands, which may influence the cost effectiveness due to the herd
immunity that children provide for the rest of the population.

Estimations from published studies include several limitations. A major
limitation is that no studies have directly compared the efficacy between
QIV and TIV. Most cost-effectiveness studies therefore estimated the
efficacy of QIV by assuming that the matched efficacy of TIV is
applicable to both influenza B lineages. However, there is much
uncertainty surrounding the level of cross-protection that TIV provides
to the non-included B lineage. Moreover, the level of cross-protection
may differ by age group. For instance, a meta-regression study
suggested that only young individuals benefit from QIV as older adults
have high cross-protection due to existing immunity [338]. This
phenomenon was not explored in any study. Finally, the cost
effectiveness greatly depends on the price increase of QIV as compared
to TIV. Therefore, most studies had to make assumptions on this aspect,
as tendered prices of QIV are not yet available.
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Table 7.7 Overview of European studies on the cost effectiveness of quadrivalent influenza vaccine as compared to trivalent influenza
vaccine

Van UK Static Adults  TIV to QIV Lifetime / NHS 68% £4.23% 0.69% £28,443
Bellinghen, =65y, 3.5% for costs
2014 [330] at risk and health
<65y effects
Meier, 2015 UK Static Adults  TIV to QIV Lifetime / NHS, 68% £3.51 1.17% NHS: £14,645
[331] =65y, 3.5% for costs societal Societal:
at risk and health £13,497
<65y effects
Thommes, UK Dynamic All LAIV to Q- 10y / 3.5% HCP 68% £3.55 1.44% £7,989
2015 [332] ages LAIV for LR for costs and
2-17y; health effects
TIV to QIV
for HR =218y
Dolk, 2016 Germany Dynamic All TIV to QIV 20y / 3% for TPP, societal 60% €3.87 4.02% HCP: €14,461
[333] ages costs and Societal: Cost-
1.5% for saving
health effects
Garcia, Spain Static Adults  TIV to QIV Lifetime / 3%  NHS, 67% €2.50 18,565 NHS: €11,188
2016 [334] =65y, for costs and Societal cases per Societal:
at risk health effects average €8,748
<65y year
Nagy, 2016 Finland Dynamic All S1: TIV to 20y / 3% for HCP, 0% €3.59° 11.3% HCP: S1:
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[327]

ages

costs and
health effects

QIV for all
ages;

S2: TIV to
Q-LAIV for
2-17y, other
age groups
remain on
TIV;

S3: S2 +
TIV to QIV
for other age
groups

societal

€3933; S2:
€5,667; S3:
€6,077
Societal: S1-
S3: Cost-
saving

Thorrington,
2017 [335]

England Dynamic All
& Wales ages

S1: LAIV to
Q-LIAV for
LR 2-11y
S2: TIV to
QIV for HR
<65y, given
that S1 is
implemented
S3: TIV to
QIV for HR
=65y given
that S1 and

1y / 3.5% for
costs and
health effects

NHS

17%

Threshold
incremental
price to
£20,000/
QALY

S1: 35%
S2: 7.5%
S3: 2.2%

S1: £6.36
S2: £1.84
S3: £0.20
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S2 are
implemented
Mennini, Italy Static Adults  TIV to QIV 1y / no HCP, 67% €5,69 5,870 HCP: €23,426
2018 [336] =65y, discounting of societal cases per Societal:
at risk costs, 3% for average €21,096
<65y health effects year®
Capri, 2018 Italy Static Adults  TIV to QIV 1y / no NHS 65% €5,73 1.1%° HCP:
[337] =65y discounting €131,600

3509% increase of QIV as compared to TIV, "50% increase of QIV of tendered TIV prices, “sum of avoided non-attending and GP attending cases, “hased

on the reduction in QALYs. HCP: Healthcare payer: HR: High-risk, LAIV: Live-attenuated vaccine, LR: Low-risk, NHS: National Health Service, QALY:

Quality-adjusted life year, Q-LAIV: Quadrivalent live-attenuated vaccine, QIV: Quadrivalent inactivated vaccine, S: Strategy, TIV: Trivalent inactivated

vaccine, y: year(s), TPP: third-party payer.
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List of abbreviations

AAP American Academy of Pediatrics

ACIP US CDC and its vaccines advisory committee

ADEM acute disseminated encephalomyelitis

AE adverse event

AEFI adverse event following immunisation

allv3 trivalent inactivated influenza vaccine containing the MF59
immunologic adjuvant

ARI acute respiratory infection

CHD coronary heart disease

Cl confidence interval

COPD chronic obstructive pulmonary disorder

CTLs cytotoxic T-cells

CVvD Cardiovascular disease

DALY disability-adjusted life years

ELS extensive limb swelling

EMA European Medicines Agency

GA gestational age

GBS Guillain-Barre syndrome

GIVE Global Influenza Vaccine Effectiveness

GP general practitioner

HA hemagglutinin

HCPs healthcare providers

HD High dose

HD-11V3 a high-dose inactivated trivalent vaccine

HR hazard ratio

IAR infection attack rate

ICER incremental cost-effectiveness ratio

ICU intensive care unit

v inactivated influenza vaccine

ILI influenza-like illness

I-MOVE Influenza Monitoring Vaccine Effectiveness
I-MOVE+ Integrated Monitoring of Vaccines in Europe

JCVI Joint Committee on Vaccination and Immunisation
KCE Belgian Health Care Knowledge Centre

LAIV live-attenuated influenza vaccine

MS multiple sclerosis

NA neuraminidase

NHG Dutch College of General Practitioners

NHS National Health Service

NIC National Influenza Centre

NIP National Immunisation Programme

NICU neonatal intensive care unit

NPG Dutch National Influenza Prevention Programme
OR odds ratio

PAD peripheral arterial disease

PPV polysaccharide pneumococcal vaccine

PREVENT Pregnancy Influenza Vaccine Effectiveness Network
QALY quality-adjusted life year

QIV/1IV4 quadrivalent inactivated influenza vaccine
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Q-LIAV
RCT

RIVM
RIVM-Cib
RIVM-CVB
RIVM-DVP

RIV4
RR
RTIs
SAE
SD
SD-11V
SLE
SNPG
TIV3
TND
VE
WHO
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quadrivalent live-attenuated influenza vaccine
randomised controlled trials

National Institute for Public Health and the Environment
Centre for Infectious Disease Control of the RIVM
Centre for Population Screening of the RIVM
Department for Vaccine Supply and Prevention
Programmes of the RIVM

recombinant quadrivalent influenza vaccine
relative risk or risk ratio

respiratory tract infections

serious adverse event

standard dose

standard dose-inactivated influenza vaccine
systemic lupus erythematosus

National Influenza Prevention Foundation
trivalent inactivated influenza vaccine

test negative design

vaccine effectiveness or efficacy

World Health Organisation



RIVM Letter report 2019-0002

Literature

1. WHO. Available from:
https://www.ema.europa.eu/documents/product-
information/fluenz-tetra-epar-product-information_en.pdf.

2. CDC. Available from:
https://www.cdc.gov/flu/protect/vaccine/ga_intradermal-
vaccine.htm.

3. CDC.

4. Kutter JS, Spronken MI, Fraaij PL, Fouchier RA, Herfst S.
Transmission routes of respiratory viruses among humans. Current
opinion in virology. 2018;28:142-51.

5. Killingley B, Nguyen-Van-Tam J. Routes of influenza transmission.
Influenza and other respiratory viruses. 2013;7 Suppl 2:42-51.

6. LCI-richtlijn Influenza. 2015; Available from:
https://lIci.rivm.nl/richtlijnen/influenza.

7. Eccles R. Understanding the symptoms of the common cold and
influenza. The Lancet Infectious diseases. 2005;5(11):718-25.

8. RIVM. Available from: https://www.rivm.nl/griep/wat-is-griep.

9. Reukers DFM, van Asten L, Brandsema PS, Dijkstra F, Donker GA,
van Gageldonk-Lafeber AB, et al. Annual report Surveillance of
influenza and other respiratory infections: Winter 2017/2018
Bilthoven: RIVM, 2018 RIVM report 2018-0049.

10. luliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R,
Tempia S, et al. Estimates of global seasonal influenza-associated
respiratory mortality: a modelling study. Lancet (London, England).
2018;391(10127):1285-300.

11. Teirlinck AC, van Asten L, Brandsema PS, Dijkstra F, Donker GA,
Euser SM, et al. Annual report on surveillance of respiratory
infectious diseases 2013, the Netherlands. 2014 RIVM report
150002006.

12. Teirlinck AC, van Asten L, Brandsema PS, Dijkstra F, Donker GA,
Euser SM, et al. Surveillance of influenza and other respiratory
infections in the Netherlands: winter 2014/2015 2015 RIVM report
2015-0042.

13. Teirlinck AC, van Asten L, Brandsema PS, Dijkstra F, Donker GA,
van Gageldonk-Lafeber AB, et al. Annual report. Surveillance of
influenza and other respiratory infections in the Netherlands: winter
2015/2016 2016 RIVM report 2016-0071.

14. Teirlinck AC, van Asten L, Brandsema PS, Dijkstra F, Donker GA,
van Gageldonk-Lafeber AB, et al. Annual report Surveillance of
influenza and other respiratory infections in the Netherlands: :
Winter 2016/2017. 2017 RIVM report 2017-0096.

15. Gordon A, Reingold A. The Burden of Influenza: a Complex Problem.
Current epidemiology reports. 2018;5(1):1-9.

16. Cassini A, Colzani E, Pini A, Mangen MJ, Plass D, McDonald SA, et al.
Impact of infectious diseases on population health using incidence-
based disability-adjusted life years (DALYS): results from the Burden
of Communicable Diseases in Europe study, European Union and
European Economic Area countries, 2009 to 2013. Euro surveillance
: bulletin Europeen sur les maladies transmissibles = European
communicable disease bulletin. 2018;23(16).

Page 115 of 139


https://www.ema.europa.eu/documents/product-information/fluenz-tetra-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/fluenz-tetra-epar-product-information_en.pdf
https://www.cdc.gov/flu/protect/vaccine/qa_intradermal-vaccine.htm
https://www.cdc.gov/flu/protect/vaccine/qa_intradermal-vaccine.htm
https://lci.rivm.nl/richtlijnen/influenza
https://www.rivm.nl/griep/wat-is-griep

RIVM Letter report 2019-0002

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

van Lier A, McDonald SA, Bouwknegt M, Kretzschmar ME, Havelaar
AH, Mangen MJ, et al. Disease Burden of 32 Infectious Diseases in
the Netherlands, 2007-2011. PloS one. 2016;11(4):e0153106.

De Gier B, Nijsten D, Duijster J, Hahné S. State of infectious
Diseases in the Netherlands 2016. RIVM, 2017.

Vaccines against influenza WHO position paper - November 2012.
Releve epidemiologique hebdomadaire. 2012;87(47):461-76.
Jamieson DJ, Theiler RN, Rasmussen SA. Emerging infections and
pregnancy. Emerg Infect Dis. 2006;12(11):1638-43.

Gaunt G, Ramin K. Immunological tolerance of the human fetus. Am
J Perinatol. 2001;18(6):299-312.

Aluvihare VR, Kallikourdis M, Betz AG. Regulatory T cells mediate
maternal tolerance to the fetus. Nat Immunol. 2004;5(3):266-71.
Avelino MM, Campos D, Jr., Parada JB, Castro AM. Risk factors for
Toxoplasma gondii infection in women of childbearing age. Braz J
Infect Dis. 2004;8(2):164-74.

LoMauro A, Aliverti A. Respiratory physiology of pregnancy:
Physiology masterclass. Breathe (Sheffield, England).
2015;11(4):297-301.

Mertz D, Geraci J, Winkup J, Gessner BD, Ortiz JR, Loeb M.
Pregnancy as a risk factor for severe outcomes from influenza virus
infection: A systematic review and meta-analysis of observational
studies. Vaccine. 2017;35(4):521-8.

Mosby LG, Rasmussen SA, Jamieson DJ. 2009 pandemic influenza A
(HAIN1) in pregnancy: a systematic review of the literature. Am J
Obstet Gynecol. 2011;205(1):10-8.

Karlsson EA, Marcelin G, Webby RJ, Schultz-Cherry S. Review on the
impact of pregnancy and obesity on influenza virus infection.
Influenza Other Respir Viruses. 2012;6(6):449-60.

Van Kerkhove MD, Vandemaele KA, Shinde V, Jaramillo-Gutierrez G,
Koukounari A, Donnelly CA, et al. Risk factors for severe outcomes
following 2009 influenza A (H1NL1) infection: a global pooled
analysis. PLoS Med. 2011;8(7):e1001053.

Progression and impact of the first winter wave of the 2009
pandemic H1N1 influenza in New South Wales, Australia. Euro
surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2009;14(42).

Critical illness due to 2009 A/H1N1 influenza in pregnant and
postpartum women: population based cohort study. BMJ (Clinical
research ed). 2010;340:¢c1279.

Campbell A, Rodin R, Kropp R, Mao Y, Hong Z, Vachon J, et al. Risk
of severe outcomes among patients admitted to hospital with
pandemic (H1N1) influenza. CMAJ : Canadian Medical Association
journal = journal de I'Association medicale canadienne.
2010;182(4):349-55.

Creanga AA, Johnson TF, Graitcer SB, Hartman LK, Al-Samarrai T,
Schwarz AG, et al. Severity of 2009 pandemic influenza A (H1N1)
virus infection in pregnant women. Obstetrics and gynecology.
2010;115(4):717-26.

Fuhrman C, Bonmarin I, Paty AC, Duport N, Chiron E, Lucas E, et al.
Severe hospitalised 2009 pandemic influenza A(H1N1) cases in
France, 1 July-15 November 2009. Euro surveillance : bulletin
Europeen sur les maladies transmissibles = European communicable
disease bulletin. 2010;15(2).

Page 116 of 139



RIVM Letter report 2019-0002

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Gerardin P, El Amrani R, Cyrille B, Gabriele M, Guillermin P,
Boukerrou M, et al. Low clinical burden of 2009 pandemic influenza
A (H1N1) infection during pregnancy on the island of La Reunion.
PloS one. 2010;5(5):e10896.

Hanslik T, Boelle PY, Flahault A. Preliminary estimation of risk
factors for admission to intensive care units and for death in
patients infected with A(H1N1)2009 influenza virus, France, 2009-
2010. PLoS currents. 2010;2:Rrn1150.

Jamieson DJ, Honein MA, Rasmussen SA, Williams JL, Swerdlow DL,
Biggerstaff MS, et al. HLIN1 2009 influenza virus infection during
pregnancy in the USA. Lancet (London, England).
2009;374(9688):451-8.

Kelly H, Mercer G, Cheng A. Quantifying the risk of pandemic
influenza in pregnancy and indigenous people in Australia in 2009.
Euro surveillance : bulletin Europeen sur les maladies transmissibles
= European communicable disease bulletin. 2009;14(50).
Koegelenberg CF, Irusen EM, Cooper R, Diacon AH, Taljaard JJ,
Mowlana A, et al. High mortality from respiratory failure secondary
to swine-origin influenza A (H1N1) in South Africa. QJM : monthly
journal of the Association of Physicians. 2010;103(5):319-25.
Oliveira W, Carmo E, Penna G, Kuchenbecker R, Santos H, Araujo
W, et al. Pandemic H1N1 influenza in Brazil: analysis of the first
34,506 notified cases of influenza-like iliness with severe acute
respiratory infection (SARI). Euro surveillance : bulletin Europeen
sur les maladies transmissibles = European communicable disease
bulletin. 2009;14(42).

Yang P, Deng Y, Pang X, Shi W, Li X, Tian L, et al. Severe, critical
and fatal cases of 2009 H1N1 influenza in China. The Journal of
infection. 2010;61(4):277-83.

Zarychanski R, Stuart TL, Kumar A, Doucette S, Elliott L, Kettner J,
et al. Correlates of severe disease in patients with 2009 pandemic
influenza (H1N1) virus infection. CMAJ : Canadian Medical
Association journal = journal de I'Association medicale canadienne.
2010;182(3):257-64.

Bhalerao-Gandhi A, Chhabra P, Arya S, Simmerman JM. Influenza
and pregnancy: a review of the literature from India. Infectious
diseases in obstetrics and gynecology. 2015;2015:867587.

Fell DB, Savitz DA, Kramer MS, Gessner BD, Katz MA, Knight M, et
al. Maternal influenza and birth outcomes: systematic review of
comparative studies. BJOG : an international journal of obstetrics
and gynaecology. 2017;124(1):48-59.

Newsome K, Alverson CJ, Williams J, Mclintyre AF, Fine AD,
Wasserman C, et al. Outcomes of infants born to women with
influenza A(H1IN1)pdmO9. Birth defects research. 2019;111(2):88-
95.

Laake I, Tunheim G, Robertson AH, Hungnes O, Waalen K, Haberg
SE, et al. Risk of pregnancy complications and adverse birth
outcomes after maternal A(HLN1)pdmO9 influenza: a Norwegian
population-based cohort study. BMC infectious diseases.
2018;18(1):525.

Cromer D, van Hoek AJ, Jit M, Edmunds WJ, Fleming D, Miller E. The
burden of influenza in England by age and clinical risk group: a
statistical analysis to inform vaccine policy. The Journal of infection.
2014;68(4):363-71.

Page 117 of 139



RIVM Letter report 2019-0002

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Teirlinck AC, de Gier B, Meijer A, Donker G, de Lange M,
Koppeschaar C, et al. The incidence of symptomatic infection with
influenza virus in the Netherlands 2011/2012 through 2016/2017,
estimated using Bayesian evidence synthesis. Epidemiology and
infection. 2018:1-6.

Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA, et al.
Global burden of respiratory infections due to seasonal influenza in
young children: a systematic review and meta-analysis. Lancet
(London, England). 2011;378(9807):1917-30.

Heikkinen T, Silvennoinen H, Peltola V, Ziegler T, Vainionpaa R,
Vuorinen T, et al. Burden of influenza in children in the community.
The Journal of infectious diseases. 2004;190(8):1369-73.

Miller EK, Griffin MR, Edwards KM, Weinberg GA, Szilagyi PG, Staat
MA, et al. Influenza burden for children with asthma. Pediatrics.
2008;121(1):1-8.

Antonova EN, Rycroft CE, Ambrose CS, Heikkinen T, Principi N.
Burden of paediatric influenza in Western Europe: a systematic
review. BMC public health. 2012;12:968.

Vrieze H, van Haaren K, de Wit R, Drenthen T, Dayan M.
NHG/SNPG-Praktijkhandleiding Griepvaccinatie; De organisatie,
uitvoering en achtergrond van de griepvaccinatie in de
huisartsenpraktijk. NHG, herziening 2018, 2018.

Kuiken T, Taubenberger JK. Pathology of human influenza revisited.
Vaccine. 2008;26 Suppl 4:D59-66.

McDonald SA, van Wijhe M, van Asten L, van der Hoek W, Wallinga
J. Years of life lost due to influenza-attributable mortality in older
adults in the Netherlands: a competing risks approach. American
journal of epidemiology. 2018.

van Asten L, van den Wijngaard C, van Pelt W, van de Kassteele J,
Meijer A, van der Hoek W, et al. Mortality attributable to 9 common
infections: significant effect of influenza A, respiratory syncytial
virus, influenza B, norovirus, and parainfluenza in elderly persons.
The Journal of infectious diseases. 2012;206(5):628-39.

Sheth AN, Althoff KN, Brooks JT. Influenza susceptibility, severity,
and shedding in HIV-infected adults: a review of the literature.
Clinical infectious diseases : an official publication of the Infectious
Diseases Society of America. 2011;52(2):219-27.

Gonzalez Alvarez DA, Lopez Cortes LF, Cordero E. Impact of HIV on
the severity of influenza. Expert review of respiratory medicine.
2016:1-10.

Kunisaki KM, Janoff EN. Influenza in immunosuppressed
populations: a review of infection frequency, morbidity, mortality,
and vaccine responses. Lancet Infect Dis. 2009;9(8):493-504.
Blumentals WA, Arreglado A, Napalkov P, Toovey S. Rheumatoid
arthritis and the incidence of influenza and influenza-related
complications: a retrospective cohort study. BMC musculoskeletal
disorders. 2012;13:158.

Cooksley CD, Avritscher EB, Bekele BN, Rolston KV, Geraci JM,
Elting LS. Epidemiology and outcomes of serious influenza-related
infections in the cancer population. Cancer. 2005;104(3):618-28.
Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, Tomblyn M, et
al. 2013 IDSA clinical practice guideline for vaccination of the
immunocompromised host. Clin Infect Dis. 2014;58(3):309-18.

Page 118 of 139



RIVM Letter report 2019-0002

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

Rahier JF, Moutschen M, Van Gompel A, Van Ranst M, Louis E,
Segaert S, et al. Vaccinations in patients with immune-mediated
inflammatory diseases. Rheumatology (Oxford). 2010;49(10):1815-
27.

Buhler S, Eperon G, Ribi C, Kyburz D, van Gompel F, Visser LG, et
al. Vaccination recommendations for adult patients with
autoimmune inflammatory rheumatic diseases. Swiss medical
weekly. 2015;145:w14159.

Gezondheidsraad. Briefadvies Vaccinatie tegen seizoensgriep. 2011
Publicatienr. 2011/21.

van Doorn E, Huckriede A, Hak E. Influenza: huidige vaccins en
ontwikkelingen in de nabije toekomst. Tijdschrift voor
Infectieziekten, 12(4), 110-117. 2017.

RIVM, NHG. Griepprik 2018. Available from:
https://www.rivm.nl/sites/default/files/2018-
11/180628%20infographic%20NPG_def_0.pdf.

RIVM. Voor wie is de griepprik? ; Available from:
https://www.rivm.nl/griep/griepprik/voor-wie-is-griepprik.
Gezondheidsraad. Grip op griep. 2014; Available from:
https://www.gezondheidsraad.nl/documenten/adviezen/2014/06/11
/grip-op-griep.

Gezondheidsraad. Griepvaccinatie: herziening van de
indicatiestelling. 2007; Available from:
https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08
/griepvaccinatie-herziening-van-de-indicatiestelling.

I-MOVE. Available from: https://sites.google.com/site/epiflu/.
Valenciano M, Ciancio B. I-MOVE: a European network to measure
the effectiveness of influenza vaccines. Euro surveillance : bulletin
Europeen sur les maladies transmissibles = European communicable
disease bulletin. 2012;17(39).

Savitz DA, Fell DB, Ortiz JR, Bhat N. Does influenza vaccination
improve pregnancy outcome? Methodological issues and research
needs. Vaccine. 2015;33(47):6430-5.

Zaman K, Roy E, Arifeen SE, Rahman M, Raqgib R, Wilson E, et al.
Effectiveness of maternal influenza immunization in mothers and
infants. The New England journal of medicine. 2008;359(15):1555-
64.

Tapia MD, Sow SO, Tamboura B, Teguete I, Pasetti MF, Kodio M, et
al. Maternal immunisation with trivalent inactivated influenza
vaccine for prevention of influenza in infants in Mali: a prospective,
active-controlled, observer-blind, randomised phase 4 trial. Lancet
Infect Dis. 2016;16(9):1026-35.

Steinhoff MC, Katz J, Englund JA, Khatry SK, Shrestha L, Kuypers J,
et al. Year-round influenza immunisation during pregnancy in Nepal:
a phase 4, randomised, placebo-controlled trial. Lancet Infect Dis.
2017;17(9):981-9.

Nunes MC, Cutland CL, Jones S, Downs S, Weinberg A, Ortiz JR, et
al. Efficacy of maternal influenza vaccination against all-cause lower
respiratory tract infection hospitalizations in young infants: Results
from a randomized controlled trial. Clin Infect Dis. 2017.

Madhi SA, Cutland CL, Kuwanda L, Weinberg A, Hugo A, Jones S, et
al. Influenza vaccination of pregnant women and protection of their
infants. N Engl J Med. 2014;371(10):918-31.

Page 119 of 139


https://www.rivm.nl/sites/default/files/2018-11/180628%20infographic%20NPG_def_0.pdf
https://www.rivm.nl/sites/default/files/2018-11/180628%20infographic%20NPG_def_0.pdf
https://www.rivm.nl/griep/griepprik/voor-wie-is-griepprik
https://www.gezondheidsraad.nl/documenten/adviezen/2014/06/11/grip-op-griep
https://www.gezondheidsraad.nl/documenten/adviezen/2014/06/11/grip-op-griep
https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08/griepvaccinatie-herziening-van-de-indicatiestelling
https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08/griepvaccinatie-herziening-van-de-indicatiestelling
https://sites.google.com/site/epiflu/

RIVM Letter report 2019-0002

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Nunes MC, Cutland CL, Jones S, Hugo A, Madimabe R, Simoes EA,
et al. Duration of Infant Protection Against Influenza lliness
Conferred by Maternal Immunization: Secondary Analysis of a
Randomized Clinical Trial. JAMA pediatrics. 2016;170(9):840-7.
Nunes MC, Madhi SA. Influenza vaccination during pregnancy for
prevention of influenza confirmed illness in the infants: A systematic
review and meta-analysis. Human vaccines & immunotherapeutics.
2018;14(3):758-66.

Regan AK, de Klerk N, Moore HC, Omer SB, Shellam G, Effler PV.
Effect of Maternal Influenza Vaccination on Hospitalization for
Respiratory Infections in Newborns: A Retrospective Cohort Study.
Pediatr Infect Dis J. 2016;35(10):1097-103.

Thompson MG, Kwong JC, Regan AK, Katz MA, Drews SJ, Azziz-
Baumgartner E, et al. Influenza Vaccine Effectiveness in Preventing
Influenza-associated Hospitalizations During Pregnancy: A Multi-
country Retrospective Test Negative Design Study, 2010-2016. Clin
Infect Dis. 2018.

Steinhoff MC, Omer SB, Roy E, El Arifeen S, Raqgib R, Dodd C, et al.
Neonatal outcomes after influenza immunization during pregnancy:
a randomized controlled trial. CMAJ : Canadian Medical Association
journal = journal de I'Association medicale canadienne.
2012;184(6):645-53.

Kozuki N, Katz J, Englund JA, Steinhoff MC, Khatry SK, Shrestha L,
et al. Impact of maternal vaccination timing and influenza virus
circulation on birth outcomes in rural Nepal. Int J Gynaecol Obstet.
2017.

Omer SB, Goodman D, Steinhoff MC, Rochat R, Klugman KP, Stoll
BJ, et al. Maternal influenza immunization and reduced likelihood of
prematurity and small for gestational age births: a retrospective
cohort study. PLoS Med. 2011;8(5):e1000441.

Hutcheon JA, Fell DB, Jackson ML, Kramer MS, Ortiz JR, Savitz DA,
et al. Detectable Risks in Studies of the Fetal Benefits of Maternal
Influenza Vaccination. Am J Epidemiol. 2016;184(3):227-32.
McGuire A, Drummond M, Keeping S. Childhood and adolescent
influenza vaccination in Europe: A review of current policies and
recommendations for the future. Expert review of vaccines.
2016;15(5):659-70.

NHS England. Enhanced Service Specification. Childhood seasonal
influenza vaccination programme 2018/19. 2018; Available from:
https://www.england.nhs.uk/wp-
content/uploads/2018/06/childhood-flu-2018-19-service-
specification-v1004-10.pdf.

Pebody RG, Sinnathamby MA, Warburton F, Andrews N, Boddington
NL, Zhao H, et al. Uptake and impact of vaccinating primary school-
age children against influenza: experiences of a live attenuated
influenza vaccine programme, England, 2015/16. Euro surveillance :
bulletin Europeen sur les maladies transmissibles = European
communicable disease bulletin. 2018;23(25).

Caspard H, Mallory RM, Yu J, Ambrose CS. Live-Attenuated
Influenza Vaccine Effectiveness in Children From 2009 to 2015-
2016: A Systematic Review and Meta-Analysis. Open forum
infectious diseases. 2017;4(3):0fx111.

Page 120 of 139


https://www.england.nhs.uk/wp-content/uploads/2018/06/childhood-flu-2018-19-service-specification-v1004-10.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/06/childhood-flu-2018-19-service-specification-v1004-10.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/06/childhood-flu-2018-19-service-specification-v1004-10.pdf

RIVM Letter report 2019-0002

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Jefferson T, Rivetti A, Di Pietrantonj C, Demicheli V. Vaccines for
preventing influenza in healthy children. The Cochrane database of
systematic reviews. 2018;2:Cd004879.

Brooks WA, Zaman K, Lewis KD, Ortiz JR, Goswami D, Feser J, et al.
Efficacy of a Russian-backbone live attenuated influenza vaccine
among young children in Bangladesh: a randomised, double-blind,
placebo-controlled trial. The Lancet Global health. 2016;4(12):e946-
eb4.

Claeys C, Zaman K, Dbaibo G, Li P, Izu A, Kosalaraksa P, et al.
Prevention of vaccine-matched and mismatched influenza in children
aged 6-35 months: a multinational randomised trial across five
influenza seasons. The Lancet Child & adolescent health.
2018;2(5):338-49.

Flannery B, Reynolds SB, Blanton L, Santibanez TA, O'Halloran A, Lu
PJ, et al. Influenza Vaccine Effectiveness Against Pediatric Deaths:
2010-2014. Pediatrics. 2017;139(5).

Ferdinands JM, Olsho LE, Agan AA, Bhat N, Sullivan RM, Hall M, et
al. Effectiveness of influenza vaccine against life-threatening RT-
PCR-confirmed influenza iliness in US children, 2010-2012. The
Journal of infectious diseases. 2014;210(5):674-83.

Valdin HL, Begue RE. Influenza vaccines effectiveness 2013-14
through 2015-16, a test-negative study in children. Vaccine.
2017;35(33):4088-93.

Buchan SA, Chung H, Campitelli MA, Crowcroft NS, Gubbay JB,
Karnauchow T, et al. Vaccine effectiveness against laboratory-
confirmed influenza hospitalizations among young children during
the 2010-11 to 2013-14 influenza seasons in Ontario, Canada. PloS
one. 2017;12(11):e0187834.

Kissling E, Valenciano M, Pozo F, Vilcu AM, Reuss A, Rizzo C, et al.
2015/16 I-MOVE/I-MOVE+ multicentre case-control study in
Europe: Moderate vaccine effectiveness estimates against influenza
A(H1IN1)pdmO09 and low estimates against lineage-mismatched
influenza B among children. Influenza and other respiratory viruses.
2018;12(4):423-37.

Pebody R, McMenamin J, Nohynek H. Live attenuated influenza
vaccine (LAIV): recent effectiveness results from the USA and
implications for LAIV programmes elsewhere. Archives of disease in
childhood. 2018;103(1):101-5.

Grohskopf LA, Sokolow LZ, Fry AM, Walter EB, Jernigan DB. Update:
ACIP Recommendations for the Use of Quadrivalent Live Attenuated
Influenza Vaccine (LAIV4) - United States, 2018-19 Influenza
Season. MMWR Morbidity and mortality weekly report.
2018;67(22):643-5.

Recommendations for Prevention and Control of Influenza in
Children, 2018-2019. Pediatrics. 2018;142(4).

Demicheli V, Jefferson T, Di Pietrantonj C, Ferroni E, Thorning S,
Thomas RE, et al. Vaccines for preventing influenza in the elderly.
Cochrane Database of Systematic Reviews. 2018(2).

Belongia EA, Simpson MD, King JP, Sundaram ME, Kelley NS,
Osterholm MT, et al. Variable influenza vaccine effectiveness by
subtype: a systematic review and meta-analysis of test-negative
design studies. Lancet Infect Dis. 2016;16(8):942-51.

Page 121 of 139



RIVM Letter report 2019-0002

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Rondy M, El Omeiri N, Thompson MG, Leveque A, Moren A, Sullivan
SG. Effectiveness of influenza vaccines in preventing severe
influenza illness among adults: A systematic review and meta-
analysis of test-negative design case-control studies. J Infect.
2017;75(5):381-94.

Rondy M, Kissling E, Emborg HD, Gherasim A, Pebody R, Trebbien
R, et al. Interim 2017/18 influenza seasonal vaccine effectiveness:
combined results from five European studies. Euro Surveill.
2018;23(9).

Rondy M, Larrauri A, Casado I, Alfonsi V, Pitigoi D, Launay O, et al.
2015/16 seasonal vaccine effectiveness against hospitalisation with
influenza A(H1N1)pdmO09 and B among elderly people in Europe:
results from the I-MOVE+ project. Euro Surveill. 2017;22(30).
Kissling E, Valenciano M, Pozo F, Vilcu AM, Reuss A, Rizzo C, et al.
2015/16 I-MOVE/I-MOVE+ multicentre case-control study in
Europe: Moderate vaccine effectiveness estimates against influenza
A(H1IN1)pdmO09 and low estimates against lineage-mismatched
influenza B among children. Influenza Other Respir Viruses.
2018;12(4):423-37.

Kissling E, Rondy M, team IMIMs. Early 2016/17 vaccine
effectiveness estimates against influenza A(H3N2): I-MOVE
multicentre case control studies at primary care and hospital levels
in Europe. Euro Surveill. 2017;22(7).

Domnich A, Arata L, Amicizia D, Puig-Barbera J, Gasparini R,
Panatto D. Effectiveness of MF59-adjuvanted seasonal influenza
vaccine in the elderly: A systematic review and meta-analysis.
Vaccine. 2017;35(4):513-20.

Wilkinson K, Wei Y, Szwajcer A, Rabbani R, Zarychanski R, Abou-
Setta AM, et al. Efficacy and safety of high-dose influenza vaccine in
elderly adults: A systematic review and meta-analysis. Vaccine.
2017;35(21):2775-80.

Lee JKH, Lam GKL, Shin T, Kim J, Krishnan A, Greenberg DP, et al.
Efficacy and effectiveness of high-dose versus standard-dose
influenza vaccination for older adults: a systematic review and
meta-analysis. Expert Rev Vaccines. 2018;17(5):435-43.
Skowronski DM, Janjua NZ, De Serres G, Sabaiduc S, Eshaghi A,
Dickinson JA, et al. Low 2012-13 influenza vaccine effectiveness
associated with mutation in the egg-adapted H3N2 vaccine strain
not antigenic drift in circulating viruses. PLoS One.
2014;9(3):€92153.

Dunkle LM, lIzikson R, Patriarca P, Goldenthal KL, Muse D, Callahan
J, et al. Efficacy of Recombinant Influenza Vaccine in Adults 50
Years of Age or Older. 2017;376(25):2427-36.

Zimmerman RK, Nowalk MP, Chung J, Jackson ML, Jackson LA,
Petrie JG, et al. 2014-2015 Influenza Vaccine Effectiveness in the
United States by Vaccine Type. Clin Infect Dis. 2016;63(12):1564-
73.

Cheng AC, Kotsimbos T, Kelly PM, Flu CANI. Influenza vaccine
effectiveness against hospitalisation with influenza in adults in
Australia in 2014. Vaccine. 2015;33(51):7352-6.

Page 122 of 139



RIVM Letter report 2019-0002

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Puig-Barbera J, Diez-Domingo J, Arnedo-Pena A, Ruiz-Garcia M,
Perez-Vilar S, Mico-Esparza JL, et al. Effectiveness of the 2010-2011
seasonal influenza vaccine in preventing confirmed influenza
hospitalizations in adults: a case-case comparison, case-control
study. Vaccine. 2012;30(39):5714-20.

Kopsaftis Z, Wood - Baker R, Poole P. Influenza vaccine for chronic
obstructive pulmonary disease (COPD). Cochrane Database of
Systematic Reviews. 2018(6).

Bekkat-Berkani R, Wilkinson T, Buchy P, Dos Santos G, Stefanidis D,
Devaster JM, et al. Seasonal influenza vaccination in patients with
COPD: a systematic literature review. BMC Pulm Med.
2017;17(1):79.

Wongsurakiat P, Maranetra KN, Wasi C, Kositanont U,
Dejsomritrutai W, Charoenratanakul S. Acute respiratory illness in
patients with COPD and the effectiveness of influenza vaccination: a
randomized controlled study. Chest. 2004;125(6):2011-20.

Cates CJ, Rowe BH. Vaccines for preventing influenza in people with
asthma. Cochrane Database of Systematic Reviews. 2013(2).
Vasileiou E, Sheikh A, Butler C, El Ferkh K, von Wissmann B,
McMenamin J, et al. Effectiveness of Influenza Vaccines in Asthma:
A Systematic Review and Meta-Analysis. Clin Infect Dis.
2017;65(8):1388-95.

Fleming DM, Crovari P, Wahn U, Klemola T, Schlesinger Y, Langussis
A, et al. Comparison of the efficacy and safety of live attenuated
cold-adapted influenza vaccine, trivalent, with trivalent inactivated
influenza virus vaccine in children and adolescents with asthma.
Pediatr Infect Dis J. 2006;25(10):860-9.

Belshe RB, Edwards KM, Vesikari T, Black SV, Walker RE, Hultquist
M, et al. Live attenuated versus inactivated influenza vaccine in
infants and young children. N Engl J Med. 2007 ;356(7):685-96.
Ashkenazi S, Vertruyen A, Aristegui J, Esposito S, McKeith DD,
Klemola T, et al. Superior relative efficacy of live attenuated
influenza vaccine compared with inactivated influenza vaccine in
young children with recurrent respiratory tract infections. Pediatr
Infect Dis J. 2006;25(10):870-9.

Clar C, Oseni Z, Flowers N, Keshtkar-Jahromi M, Rees K. Influenza
vaccines for preventing cardiovascular disease. Cochrane Database
Syst Rev. 2015(5):CD005050.

Udell JA, Zawi R, Bhatt DL, Keshtkar-Jahromi M, Gaughran F,
Phrommintikul A, et al. Association between influenza vaccination
and cardiovascular outcomes in high-risk patients: a meta-analysis.
JAMA. 2013;310(16):1711-20.

Barnes M, Heywood AE, Mahimbo A, Rahman B, Newall AT,
Macintyre CR. Acute myocardial infarction and influenza: a meta-
analysis of case-control studies. Heart. 2015;101(21):1738-47.
Macintyre CR, Heywood AE, Kovoor P, Ridda I, Seale H, Tan T, et al.
Ischaemic heart disease, influenza and influenza vaccination: a
prospective case control study. Heart. 2013;99(24):1843-8.

LeBras MH, Barry AR. Influenza Vaccination for Secondary
Prevention of Cardiovascular Events: A Systematic Review. Can J
Hosp Pharm. 2017;70(1):27-34.

Kwong JC, Schwartz KL, Campitelli MA. Acute Myocardial Infarction
after Laboratory-Confirmed Influenza Infection. The New England
journal of medicine. 2018;378(26):2540-1.

Page 123 of 139



RIVM Letter report 2019-0002

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Remschmidt C, Wichmann O, Harder T. Vaccines for the prevention
of seasonal influenza in patients with diabetes: systematic review
and meta-analysis. BMC Med. 2015;13:53.

Vamos EP, Pape UJ, Curcin V, Harris MJ, Valabhji J, Majeed A, et al.
Effectiveness of the influenza vaccine in preventing admission to
hospital and death in people with type 2 diabetes. CMAJ.
2016;188(14):E342-E51.

Remschmidt C, Wichmann O, Harder T. Influenza vaccination in
patients with end-stage renal disease: systematic review and
assessment of quality of evidence related to vaccine efficacy,
effectiveness, and safety. BMC Med. 2014;12:244.

Cohen-Hagai K, Rozenberg I, Korzets Z, Zitman-Gal T, Einbinder Y,
Benchetrit S. Upper Respiratory Tract Infection among Dialysis
Patients. Isr Med Assoc J. 2016;18(9):557-60.

Cohen-Hagai K, Kotliroff A, Rozenberg I, Korzets Z, Zitman-Gal T,
Benchetrit S. Effectiveness of Influenza Vaccine in Hemodialyzed
Patients: A Retrospective Study. Ther Apher Dial. 2018.

Hurst FP, Lee JJ, Jindal RM, Agodoa LY, Abbott KC. Outcomes
associated with influenza vaccination in the first year after kidney
transplantation. Clin J Am Soc Nephrol. 2011;6(5):1192-7.
Tsujimura K, Ota M, Chinen K, Nagayama K, Oroku M, Shiohira Y, et
al. Effect of Influenza Vaccine in Patients With Kidney Transplant.
Transplant Proc. 2018;50(8):2443-6.

Wang IK, Lin CL, Lin PC, Chang SN, Chou CY, Yen TH, et al.
Seasonal influenza vaccination is associated with reduced morbidity
and mortality in peritoneal dialysis patients. Nephrol Dial Transplant.
2016;31(2):269-74.

Russell K, Chung JR, Monto AS, Martin ET, Belongia EA, McLean HQ,
et al. Influenza vaccine effectiveness in older adults compared with
younger adults over five seasons. Vaccine. 2018;36(10):1272-8.
Darvishian M, van den Heuvel ER, Bissielo A, Castilla J, Cohen C,
Englund H, et al. Effectiveness of seasonal influenza vaccination in
community-dwelling elderly people: an individual participant data
meta-analysis of test-negative design case-control studies. Lancet
Respir Med. 2017;5(3):200-11.

Remschmidt C, Wichmann O, Harder T. Influenza vaccination in
HIV-infected individuals: systematic review and assessment of
quality of evidence related to vaccine efficacy, effectiveness and
safety. Vaccine. 2014;32(43):5585-92.

Hak E, Nordin J, Wei F, Mullooly J, Poblete S, Strikas R, et al.
Influence of high-risk medical conditions on the effectiveness of
influenza vaccination among elderly members of 3 large managed-
care organizations. Clin Infect Dis. 2002;35(4):370-7.

Beck CR, McKenzie BC, Hashim AB, Harris RC, Nguyen-Van-Tam JS.
Influenza vaccination for immunocompromised patients: systematic
review and meta-analysis by etiology. The Journal of infectious
diseases. 2012;206(8):1250-9.

Cheuk DK, Chiang AK, Lee TL, Chan GC, Ha SY. Vaccines for
prophylaxis of viral infections in patients with hematological
malignancies. Cochrane Database Syst Rev. 2011(3):Cd006505.
Earle CC. Influenza vaccination in elderly patients with advanced
colorectal cancer. J Clin Oncol. 2003;21(6):1161-6.

Page 124 of 139



RIVM Letter report 2019-0002

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Chang CC, Chang YS, Chen WS, Chen YH, Chen JH. Effects of
annual influenza vaccination on morbidity and mortality in patients
with Systemic Lupus Erythematosus: A Nationwide Cohort Study.
Scientific reports. 2016;6:37817.

Burmester GR, Landewe R, Genovese MC, Friedman AW, Pfeifer ND,
Varothai NA, et al. Adalimumab long-term safety: infections,
vaccination response and pregnancy outcomes in patients with
rheumatoid arthritis. Annals of the rheumatic diseases.
2017;76(2):414-7.

Vollaard A, Schreuder I, Slok-Raijmakers L, Opstelten W,
Rimmelzwaan G, Gelderblom H. Influenza vaccination in adult
patients with solid tumours treated with chemotherapy. European
journal of cancer (Oxford, England : 1990). 2017;76:134-43.
Johnston JA, Tincher LB, Lowe DK. Booster and higher antigen doses
of inactivated influenza vaccine in HIV-infected patients. The Annals
of pharmacotherapy. 2013;47(12):1712-6.

Eckerle I, Rosenberger KD, Zwahlen M, Junghanss T. Serologic
vaccination response after solid organ transplantation: a systematic
review. PloS one. 2013;8(2):e56974.

Subesinghe S, Bechman K, Rutherford Al, Goldblatt D, Galloway JB.
A Systematic Review and Metaanalysis of Antirheumatic Drugs and
Vaccine Immunogenicity in Rheumatoid Arthritis. The Journal of
rheumatology. 2018;45(6):733-44.

van Assen S, Agmon-Levin N, Elkayam O, Cervera R, Doran MF,
Dougados M, et al. EULAR recommendations for vaccination in adult
patients with autoimmune inflammatory rheumatic diseases. Annals
of the rheumatic diseases. 2011;70(3):414-22.

Miskulin DC, Weiner DE, Tighiouart H, Lacson EK, Jr., Meyer KB,
Dad T, et al. High-Dose Seasonal Influenza Vaccine in Patients
Undergoing Dialysis. Clinical journal of the American Society of
Nephrology : CJASN. 2018;13(11):1703-11.

Darvishian M, Dijkstra F, van Doorn E, Bijlsma MJ, Donker GA, de
Lange MM, et al. Influenza Vaccine Effectiveness in the Netherlands
from 2003/2004 through 2013/2014: The Importance of Circulating
Influenza Virus Types and Subtypes. PloS one.
2017;12(1):e0169528.

van Doorn E, Darvishian M, Dijkstra F, Bijlsma MJ, Donker GA, de
Lange MMA, et al. Effectiviteit van influenzavaccinatie in Nederland.
Dominant circulerend virustype en match met vaccinstam zijn
bepalend. Ned Tijdschr Geneeskd. 2017;161:D1648.

van Doorn E, Darvishian M, Dijkstra F, Donker GA, Overduin P,
Meijer A, et al. Influenza vaccine effectiveness estimates in the
Dutch population from 2003 to 2014: The test-negative design
case-control study with different control groups. Vaccine.
2017;35(21):2831-9.

van Beek J, Veenhoven RH, Bruin JP, van Boxtel RAJ, de Lange
MMA, Meijer A, et al. Influenza-like lliness Incidence Is Not Reduced
by Influenza Vaccination in a Cohort of Older Adults, Despite
Effectively Reducing Laboratory-Confirmed Influenza Virus
Infections. The Journal of infectious diseases. 2017;216(4):415-24.
Dijkstra F, Donker GA, Wilbrink B, Van Gageldonk-Lafeber AB, Van
Der Sande MA. Long time trends in influenza-like illness and
associated determinants in The Netherlands. Epidemiology and
infection. 2009;137(4):473-9.

Page 125 of 139



RIVM Letter report 2019-0002

158.

159.

160.
161.

162.

163.

164.

165.

166.

167.

168.

169.

170.
171.

172.

173.

Jansen AG, Sanders EA, Hoes AW, van Loon AM, Hak E. Effects of
influenza plus pneumococcal conjugate vaccination versus influenza
vaccination alone in preventing respiratory tract infections in
children: a randomized, double-blind, placebo-controlled trial. The
Journal of pediatrics. 2008;153(6):764-70.

Spruijt IT, de Lange MM, Dijkstra F, Donker GA, van der Hoek W.
Long-Term Correlation between Influenza Vaccination Coverage and
Incidence of Influenza-Like lllness in 14 European Countries. PloS
one. 2016;11(9):e0163508.

Kamps BS, Hoffman C, Preiser W. Influenzareport2006.

Rosendahl Huber S. Immune responses against conserved influenza
epitopes: Lessons for peptide vaccination strategies. Thesis. 2015.
Schotsaert M, Saelens X, Leroux-Roels G. Influenza vaccines: T-cell
responses deserve more attention. Expert Rev Vaccines.
2012;11(8):949-62.

Hoft DF, Lottenbach KR, Blazevic A, Turan A, Blevins TP, Pacatte TP,
et al. Comparisons of the Humoral and Cellular Immune Responses
Induced by Live Attenuated Influenza Vaccine and Inactivated
Influenza Vaccine in Adults. Clin Vaccine Immunol. 2017;24(1).
Petrie JG, Ohmit SE, Johnson E, Truscon R, Monto AS. Persistence of
Antibodies to Influenza Hemagglutinin and Neuraminidase Following
One or Two Years of Influenza Vaccination. The Journal of infectious
diseases. 2015;212(12):1914-22.

Mohn KG, Bredholt G, Brokstad KA, Pathirana RD, Aarstad HJ,
Tondel C, et al. Longevity of B-cell and T-cell responses after live
attenuated influenza vaccination in children. The Journal of
infectious diseases. 2015;211(10):1541-9.

Trieu MC, Zhou F, Lartey SL, Sridhar S, Mjaaland S, Cox RJ.
Augmented CD4(+) T-cell and humoral responses after repeated
annual influenza vaccination with the same vaccine component
A/HIN1pdmO09 over 5 years. NPJ Vaccines. 2018;3:37.

Bodewes R, Fraaij PL, Geelhoed-Mieras MM, van Baalen CA, Tiddens
HA, van Rossum AM, et al. Annual vaccination against influenza
virus hampers development of virus-specific CD8(+) T cell immunity
in children. J Virol. 2011;85(22):11995-2000.

Gostic KM, Ambrose M, Worobey M, Lloyd-Smith JO. Potent
protection against H5N1 and H7N9 influenza via childhood
hemagglutinin imprinting. Science. 2016;354(6313):722-6.

Cobey S, Hensley SE. Immune history and influenza virus
susceptibility. Curr Opin Virol. 2017;22:105-11.

Butler D. The ghost of influenza past. Nature news. 2018.

Hoft DF, Babusis E, Worku S, Spencer CT, Lottenbach K, Truscott
SM, et al. Live and inactivated influenza vaccines induce similar
humoral responses, but only live vaccines induce diverse T-cell
responses in young children. J Infect Dis. 2011;204(6):845-53.
Newall AT, Chen C, Wood JG, Stockwell MS. Within-season influenza
vaccine waning suggests potential net benefits to delayed
vaccination in older adults in the United States. Vaccine.
2018;36(39):5910-5.

Shay DK, Chillarige Y, Kelman J, Forshee RA, Foppa IM, Wernecke
M, et al. Comparative Effectiveness of High-Dose Versus Standard-
Dose Influenza Vaccines Among US Medicare Beneficiaries in
Preventing Postinfluenza Deaths During 2012-2013 and 2013-2014.
J Infect Dis. 2017;215(4):510-7.

Page 126 of 139



RIVM Letter report 2019-0002

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Hoskins TW, Davies JR, Smith AJ, Miller CL, Allchin A. Assessment of
inactivated influenza-A vaccine after three outbreaks of influenza A
at Christ's Hospital. Lancet (London, England). 1979;1(8106):33-5.
Keitel WA, Cate TR, Couch RB, Huggins LL, Hess KR. Efficacy of
repeated annual immunization with inactivated influenza virus
vaccines over a five year period. Vaccine. 1997;15(10):1114-22.
Belongia EA, Skowronski DM, McLean HQ, Chambers C, Sundaram
ME, De Serres G. Repeated annual influenza vaccination and vaccine
effectiveness: review of evidence. Expert review of vaccines.
2017;16(7):1-14.

Valenciano M, Kissling E, Larrauri A, Nunes B, Pitigoi D, O'Donnell J,
et al. Exploring the effect of previous inactivated influenza
vaccination on seasonal influenza vaccine effectiveness against
medically attended influenza: Results of the European I-MOVE
multicentre test-negative case-control study, 2011/2012-
2016/2017. Influenza and other respiratory viruses. 2018.
Bartoszko JJ, McNamara IF, Aras OAZ, Hylton DA, Zhang YB,
Malhotra D, et al. Does consecutive influenza vaccination reduce
protection against influenza: A systematic review and meta-
analysis. Vaccine. 2018;36(24):3434-44.

Smith DJ, Forrest S, Ackley DH, Perelson AS. Variable efficacy of
repeated annual influenza vaccination. Proceedings of the National
Academy of Sciences of the United States of America.
1999;96(24):14001-6.

Skowronski DM, Chambers C, De Serres G, Sabaiduc S, Winter AL,
Dickinson JA, et al. Serial Vaccination and the Antigenic Distance
Hypothesis: Effects on Influenza Vaccine Effectiveness During
A(H3N2) Epidemics in Canada, 2010-2011 to 2014-2015. The
Journal of infectious diseases. 2017;215(7):1059-99.

Bodewes R, Kreijtz JH, Rimmelzwaan GF. Yearly influenza
vaccinations: a double-edged sword? The Lancet Infectious
diseases. 2009;9(12):784-8.

Rambhia KJ, Rambhia MT. Early bird gets the flu. What should be
done about waning intraseasonal immunity against seasonal
influenza? Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America. 2018.

Ferdinands JM, Fry AM, Reynolds S, Petrie J, Flannery B, Jackson
ML, et al. Intraseason waning of influenza vaccine protection:
Evidence from the US Influenza Vaccine Effectiveness Network,
2011-12 through 2014-15. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America.
2017;64(5):544-50.

Kissling E, Nunes B, Robertson C, Valenciano M, Reuss A, Larrauri A,
et al. I-MOVE multicentre case-control study 2010/11 to 2014/15:
Is there within-season waning of influenza type/subtype vaccine
effectiveness with increasing time since vaccination? Euro
surveillance : bulletin Europeen sur les maladies transmissibles =
European communicable disease bulletin. 2016;21(16).

Page 127 of 139



RIVM Letter report 2019-0002

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Pebody R, Andrews N, McMenamin J, Durnall H, Ellis J, Thompson
Cl, et al. Vaccine effectiveness of 2011/12 trivalent seasonal
influenza vaccine in preventing laboratory-confirmed influenza in
primary care in the United Kingdom: evidence of waning intra-
seasonal protection. Euro surveillance : bulletin Europeen sur les
maladies transmissibles = European communicable disease bulletin.
2013;18(5).

Sullivan SG, Komadina N, Grant K, Jelley L, Papadakis G, Kelly H.
Influenza vaccine effectiveness during the 2012 influenza season in
Victoria, Australia: influences of waning immunity and vaccine
match. Journal of medical virology. 2014;86(6):1017-25.

Halsey NA, Talaat KR, Greenbaum A, Mensah E, Dudley MZ,
Proveaux T, et al. The safety of influenza vaccines in children: An
Institute for Vaccine Safety white paper. Vaccine. 2015;33 Suppl
5:F1-F67.

Barberis I, Myles P, Ault SK, Bragazzi NL, Martini M. History and
evolution of influenza control through vaccination: from the first
monovalent vaccine to universal vaccines. J Prev Med Hyg.
2016;57(3):E115-E20.

Tregoning JS, Russell RF, Kinnear E. Adjuvanted influenza vaccines.
Human vaccines & immunotherapeutics. 2018;14(3):550-64.

Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, Singleton JA, et al.
Prevention and control of influenza with vaccines: recommendations
of the Advisory Committee on Immunization Practices (ACIP), 2010.
MMWR Recomm Rep. 2010;59(RR-8):1-62.

France EK, Glanz JM, Xu S, Davis RL, Black SB, Shinefield HR, et al.
Safety of the trivalent inactivated influenza vaccine among children:
a population-based study. Archives of pediatrics & adolescent
medicine. 2004;158(11):1031-6.

Vellozzi C, Burwen DR, Dobardzic A, Ball R, Walton K, Haber P.
Safety of trivalent inactivated influenza vaccines in adults:
background for pandemic influenza vaccine safety monitoring.
Vaccine. 2009;27(15):2114-20.

Trombetta CM, Gianchecchi E, Montomoli E. Influenza vaccines:
Evaluation of the safety profile. Hum Vaccin Immunother.
2018;14(3):657-70.

Li-Kim-Moy J, Yin JK, Rashid H, Khandaker G, King C, Wood N, et al.
Systematic review of fever, febrile convulsions and serious adverse
events following administration of inactivated trivalent influenza
vaccines in children. Euro surveillance : bulletin Europeen sur les
maladies transmissibles = European communicable disease bulletin.
2015;20(24).

Esposito S, Giavoli C, Trombetta C, Bianchini S, Montinaro V, Spada
A, et al. Immunogenicity, safety and tolerability of inactivated
trivalent influenza vaccine in overweight and obese children.
Vaccine. 2016;34(1):56-60.

Coop CA, Balanon SK, White KM, Whisman BA, Rathkopf MM.
Anaphylaxis from the influenza virus vaccine. International archives
of allergy and immunology. 2008;146(1):85-8.

Oberle D, Pavel J, Rieck T, Weichert S, Schroten H, Keller-
Stanislawski B, et al. Anaphylaxis After Immunization of Children
and Adolescents in Germany. Pediatr Infect Dis J. 2016;35(5):535-
41.

Page 128 of 139



RIVM Letter report 2019-0002

198.

199.
200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

210.

211.

212.

213.

McNeil MM, Weintraub ES, Duffy J, Sukumaran L, Jacobsen SJ, Klein
NP, et al. Risk of anaphylaxis after vaccination in children and
adults. The Journal of allergy and clinical immunology.
2016;137(3):868-78.

LCI. https://lci.rivm.nl/richtlijnen/influenza#preventie.

Juurlink DN, Stukel TA, Kwong J, Kopp A, McGeer A, Upshur RE, et
al. Guillain-Barre syndrome after influenza vaccination in adults: a
population-based study. Arch Intern Med. 2006;166(20):2217-21.
Stowe J, Andrews N, Wise L, Miller E. Investigation of the temporal
association of Guillain-Barre syndrome with influenza vaccine and
influenzalike illness using the United Kingdom General Practice
Research Database. American journal of epidemiology.
2009;169(3):382-8.

van der Maas NA, Kramer MA, Jacobs BC, van Soest EM, Dieleman
JP, Kemmeren JM, et al. Guillain-Barre syndrome: background
incidence rates in The Netherlands. Journal of the peripheral
nervous system : JPNS. 2011;16(3):243-9.

Kwong JC, Vasa PP, Campitelli MA, Hawken S, Wilson K, Rosella LC,
et al. Risk of Guillain-Barre syndrome after seasonal influenza
vaccination and influenza health-care encounters: a self-controlled
study. The Lancet Infectious diseases. 2013;13(9):769-76.

Prestel J, Volkers P, Mentzer D, Lehmann HC, Hartung HP, Keller-
Stanislawski B. Risk of Guillain-Barre syndrome following pandemic
influenza A(H1N1) 2009 vaccination in Germany.
Pharmacoepidemiology and drug safety. 2014;23(11):1192-204.
Lareb. Meldingen van bijwerkingen na influenza vaccinatie.
Rapportage 2014-2015. 's Hertogenbosch: Bijwerkingencentrum
Lareb, 2015.

Lareb. Meldingen van bijwerkingen na influenza vaccinatie.
Rapportage 2015-2016. 's Hertogenbosch: Bijwerkingencentrum
Lareb, 2016.

Lareb. Meldingen van bijwerkingen na influenza vaccinatie.
Rapportage influenzaseizoen 2017-2018. 's Hertogenbosch:
Bijwerkingencentrum Lareb, 2018.

Lareb. Meldingen van bijwerkingen na influenza vaccinatie.
Rapportage influenzaseizoen 2016-2017. 's Hertogenbosch:
Bijwerkingencentrum Lareb, 2017.

SNPG. Available from: https://www.snpg.nl/wp-
content/uploads/DEF-Jaarverslag-mei-2016-mei-2017.pdf.
Kwartaalbericht Lareb 2e kwartaal.
http://www.lareb.nl/Signalen/KWB_2012_2_influ. 23 april 2012;
28-34: .

Bijwerkingencentrum Lareb. Meldingen van bijwerkingen
griepvaccins. Rapportage seizoen 2013-2014. 's Hertogenbosch:
Lareb, 2014.

Bijwerkingencentrum Lareb. Meldingen van bijwerkingen
griepvaccins. Rapportage seizoen 2012-2013. 's Hertogenbosch:
Lareb, 2015.

CBG Geneesmiddeleninformatiebank.
https://www.geneesmiddeleninformatiebank.nl/smpc/h22306_smpc

.pdf.

Page 129 of 139


https://lci.rivm.nl/richtlijnen/influenza#preventie
https://www.snpg.nl/wp-content/uploads/DEF-Jaarverslag-mei-2016-mei-2017.pdf
https://www.snpg.nl/wp-content/uploads/DEF-Jaarverslag-mei-2016-mei-2017.pdf
http://www.lareb.nl/Signalen/KWB_2012_2_influ
https://www.geneesmiddeleninformatiebank.nl/smpc/h22306_smpc.pdf
https://www.geneesmiddeleninformatiebank.nl/smpc/h22306_smpc.pdf

RIVM Letter report 2019-0002

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

Haugh M, Gresset-Bourgeois V, Macabeo B, Woods A, Samson SI. A
trivalent, inactivated influenza vaccine (Vaxigrip(R)): summary of
almost 50 years of experience and more than 1.8 billion doses
distributed in over 120 countries. Expert Rev Vaccines.
2017;16(6):545-64.

Giezeman KM, Nauta J, de Bruijn IA, Palache AM. Trivalent
inactivated subunit influenza vaccine Influvac: 25-Year experience
of safety and immunogenicity. Vaccine. 2009;27(18):2414-7.

Leeb A, Carcione D, Richmond PC, Jacoby P, Effler PV.
Reactogenicity of two 2010 trivalent inactivated influenza vaccine
formulations in adults. Vaccine. 2011;29(45):7920-4.
Petousis-Harris H, Poole T, Turner N, Reynolds G. Febrile events
including convulsions following the administration of four brands of
2010 and 2011 inactivated seasonal influenza vaccine in NZ infants
and children: the importance of routine active safety surveillance.
Vaccine. 2012;30(33):4945-52.

Greenberg DP, Robertson CA, Noss MJ, Blatter MM, Biedenbender R,
Decker MD. Safety and immunogenicity of a quadrivalent inactivated
influenza vaccine compared to licensed trivalent inactivated
influenza vaccines in adults. Vaccine. 2013;31(5):770-6.

Tinoco JC, Pavia-Ruz N, Cruz-Valdez A, Aranza Doniz C,
Chandrasekaran V, Dewe W, et al. Immunogenicity, reactogenicity,
and safety of inactivated quadrivalent influenza vaccine candidate
versus inactivated trivalent influenza vaccine in healthy adults aged
>/=18 years: a phase Ill, randomized trial. Vaccine.
2014;32(13):1480-7.

Regan AK, Tracey L, Gibbs R. Post-marketing surveillance of
adverse events following immunization with inactivated quadrivalent
and trivalent influenza vaccine in health care providers in Western
Australia. Vaccine. 2015;33(46):6149-51.

Moa AM, Chughtai AA, Muscatello DJ, Turner RM, Maclintyre CR.
Immunogenicity and safety of inactivated quadrivalent influenza
vaccine in adults: A systematic review and meta-analysis of
randomised controlled trials. Vaccine. 2016;34(35):4092-102.
Rodriguez Weber MA, Claeys C, Aranza Doniz C, Feng Y, Innis BL,
Jain VK, et al. Immunogenicity and safety of inactivated
quadrivalent and trivalent influenza vaccines in children 18-47
months of age. Pediatr Infect Dis J. 2014;33(12):1262-9.

Lee J, Lee KY, Kim JH, Kim CS, Eun BW, Kim HM, et al. Safety and
Immunogenicity of an Egg-Cultivated Quadrivalent Inactivated Split-
virion Influenza Vaccine (GC3110A) in Healthy Korean Children: a
Randomized, Double-blinded, Active-controlled Phase 111 Study.
Journal of Korean medical science. 2018;33(13):e100.

van de Witte S, Nauta J, Montomoli E, Weckx J. A Phase 111
randomised trial of the immunogenicity and safety of quadrivalent
versus trivalent inactivated subunit influenza vaccine in adult and
elderly subjects, assessing both anti-haemagglutinin and virus
neutralisation antibody responses. Vaccine. 2018;36(40):6030-8.
Montomoli E, Torelli A, Manini I, Gianchecchi E. Immunogenicity and
Safety of the New Inactivated Quadrivalent Influenza Vaccine
Vaxigrip Tetra: Preliminary Results in Children >/=6 Months and
Older Adults. Vaccines (Basel). 2018;6(1).

Page 130 of 139



RIVM Letter report 2019-0002

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

Haber P, Moro PL, Lewis P, Woo EJ, Jankosky C, Cano M. Post-
licensure surveillance of quadrivalent inactivated influenza (11V4)
vaccine in the United States, Vaccine Adverse Event Reporting
System (VAERS), July 1, 2013-May 31, 2015. Vaccine.
2016;34(22):2507-12.

Graaf H, Faust SN. Fluarix quadrivalent vaccine for influenza. Expert
Rev Vaccines. 2015;14(8):1055-63.

Beran J, Peeters M, Dewe W, Raupachova J, Hobzova L, Devaster
JM. Immunogenicity and safety of quadrivalent versus trivalent
inactivated influenza vaccine: a randomized, controlled trial in
adults. BMC Infect Dis. 2013;13:224.

Domachowske JB, Pankow-Culot H, Bautista M, Feng Y, Claeys C,
Peeters M, et al. A randomized trial of candidate inactivated
quadrivalent influenza vaccine versus trivalent influenza vaccines in
children aged 3-17 years. J Infect Dis. 2013;207(12):1878-87.
Kieninger D, Sheldon E, Lin WY, Yu CJ, Bayas JM, Gabor JJ, et al.
Immunogenicity, reactogenicity and safety of an inactivated
quadrivalent influenza vaccine candidate versus inactivated trivalent
influenza vaccine: a phase Ill, randomized trial in adults aged
>/=18 years. BMC Infect Dis. 2013;13:343.

The Electronic Medicines Compendium.
https://www.medicines.org.uk/emc/product/3021/smpc.
Gresset-Bourgeois V, Leventhal PS, Pepin S, Hollingsworth R,
Kazek-Duret MP, De Bruijn I, et al. Quadrivalent inactivated
influenza vaccine (VaxigripTetra). Expert Rev Vaccines.
2018;17(1):1-11.

US Food and Drug Administration.
http://www.fda.moph.go.th/sites/drug/Shared%20Documents/Vacci
ne/U1DR2C1072611500311C-SPC.pdf.

GuildLink. http://www.medicines.org.au/files/gopinflt.pdf.

Rudenko LG, Lonskaya NI, Klimov Al, Vasilieva RI, Ramirez A.
Clinical and epidemiological evaluation of a live, cold-adapted
influenza vaccine for 3-14-year-olds. Bull World Health Organ.
1996;74(1):77-84.

Bergen R, Black S, Shinefield H, Lewis E, Ray P, Hansen J, et al.
Safety of cold-adapted live attenuated influenza vaccine in a large
cohort of children and adolescents. Pediatr Infect Dis J.
2004;23(2):138-44.

McNaughton R, Lynn E, Osborne V, Coughtrie A, Layton D, Shakir S.
Safety of Intranasal Quadrivalent Live Attenuated Influenza Vaccine
(QLAIV) in Children and Adolescents: A Pilot Prospective Cohort
Study in England. Drug Saf. 2016;39(4):323-33.

Daley MF, Clarke CL, Glanz JM, Xu S, Hambidge SJ, Donahue JG, et
al. The safety of live attenuated influenza vaccine in children and
adolescents 2 through 17 years of age: A Vaccine Safety Datalink
study. Pharmacoepidemiology and drug safety. 2018;27(1):59-68.
Stockwell MS, Broder KR, Lewis P, Jakob K, Igbal S, Fernandez N, et
al. Assessing Fever Frequency After Pediatric Live Attenuated Versus
Inactivated Influenza Vaccination. Journal of the Pediatric Infectious
Diseases Society. 2017;6(3):e7-el4.

Carr S, Allison KJ, Van De Velde LA, Zhang K, English EY, lverson A,
et al. Safety and immunogenicity of live attenuated and inactivated
influenza vaccines in children with cancer. J Infect Dis.
2011;204(10):1475-82.

Page 131 of 139


https://www.medicines.org.uk/emc/product/3021/smpc
http://www.fda.moph.go.th/sites/drug/Shared%20Documents/Vaccine/U1DR2C1072611500311C-SPC.pdf
http://www.fda.moph.go.th/sites/drug/Shared%20Documents/Vaccine/U1DR2C1072611500311C-SPC.pdf
http://www.medicines.org.au/files/gopinflt.pdf

RIVM Letter report 2019-0002

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

King JC, Jr., Treanor J, Fast PE, Wolff M, Yan L, lacuzio D, et al.
Comparison of the safety, vaccine virus shedding, and
immunogenicity of influenza virus vaccine, trivalent, types A and B,
live cold-adapted, administered to human immunodeficiency virus
(HIV)-infected and non-HIV-infected adults. J Infect Dis.
2000;181(2):725-8.

De Villiers PJ, Steele AD, Hiemstra LA, Rappaport R, Dunning AJ,
Gruber WC, et al. Efficacy and safety of a live attenuated influenza
vaccine in adults 60 years of age and older. Vaccine.
2009;28(1):228-34.

Block SL, Falloon J, Hirschfield JA, Krilov LR, Dubovsky F, Yi T, et al.
Immunogenicity and safety of a quadrivalent live attenuated
influenza vaccine in children. Pediatr Infect Dis J. 2012;31(7):745-
51.

European Medicines Agency.
https://www.ema.europa.eu/documents/product-
information/fluenz-tetra-epar-product-information_en.pdf.

Regan AK, Tracey LE, Blyth CC, Richmond PC, Effler PV. A
prospective cohort study assessing the reactogenicity of pertussis
and influenza vaccines administered during pregnancy. Vaccine.
2016;34(20):2299-304.

Regan AK, Tracey L, Blyth CC, Mak DB, Richmond PC, Shellam G, et
al. A prospective cohort study comparing the reactogenicity of
trivalent influenza vaccine in pregnant and non-pregnant women.
BMC Pregnancy Childbirth. 2015;15:61.

Asavapiriyanont S, Kittikraisak W, Suntarattiwong P, Ditsungnoen D,
Kaoiean S, Phadungkiatwatana P, et al. Tolerability of trivalent
inactivated influenza vaccine among pregnant women, 2015. BMC
Pregnancy Childbirth. 2018;18(1):110.

Bratton KN, Wardle MT, Orenstein WA, Omer SB. Maternal influenza
immunization and birth outcomes of stillbirth and spontaneous
abortion: a systematic review and meta-analysis. Clin Infect Dis.
2015;60(5):e11-9.

Fell DB, Platt RW, Lanes A, Wilson K, Kaufman JS, Basso O, et al.
Fetal death and preterm birth associated with maternal influenza
vaccination: systematic review. BJOG. 2015;122(1):17-26.
Chambers CD, Johnson D, Xu R, Luo Y, Louik C, Mitchell AA, et al.
Risks and safety of pandemic H1N1 influenza vaccine in pregnancy:
birth defects, spontaneous abortion, preterm delivery, and small for
gestational age infants. Vaccine. 2013;31(44):5026-32.

Regan AK, Moore HC, de Klerk N, Omer SB, Shellam G, Mak DB, et
al. Seasonal Trivalent Influenza Vaccination During Pregnancy and
the Incidence of Stillbirth: Population-Based Retrospective Cohort
Study. Clin Infect Dis. 2016;62(10):1221-7.

Zerbo O, Modaressi S, Chan B, Goddard K, Lewis N, Bok K, et al. No
association between influenza vaccination during pregnancy and
adverse birth outcomes. Vaccine. 2017;35(24):3186-90.

van der Maas N, Dijs-Elsinga J, Kemmeren J, van Lier A, Knol M, de
Melker H. Safety of vaccination against influenza A (H1N1) during
pregnancy in the Netherlands: results on pregnancy outcomes and
infant's health: cross-sectional linkage study. BJOG. 2015.

Page 132 of 139


https://www.ema.europa.eu/documents/product-information/fluenz-tetra-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/fluenz-tetra-epar-product-information_en.pdf

RIVM Letter report 2019-0002

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

Louik C, Kerr S, Van Bennekom CM, Chambers C, Jones KL, Schatz
M, et al. Safety of the 2011-12, 2012-13, and 2013-14 seasonal
influenza vaccines in pregnancy: Preterm delivery and specific
malformations, a study from the case-control arm of VAMPSS.
Vaccine. 2016;34(37):4450-9.
Chambers CD, Johnson DL, Xu R, Luo YJ, Louik C, Mitchell AA, et al.
Safety of the 2010-11, 2011-12, 2012-13, and 2013-14 seasonal
influenza vaccines in pregnancy: Birth defects, spontaneous
abortion, preterm delivery, and small for gestational age infants, a
study from the cohort arm of VAMPSS. Vaccine. 2016;34(37):4443-
9.
Baum U, Leino T, Gissler M, Kilpi T, Jokinen J. Perinatal survival and
health after maternal influenza A(HLN1)pdmO9 vaccination: A
cohort study of pregnancies stratified by trimester of vaccination.
Vaccine. 2015;33(38):4850-7.
Nordin JD, Kharbanda EO, Vazquez Benitez G, Lipkind H, Vellozzi C,
Destefano F, et al. Maternal influenza vaccine and risks for preterm
or small for gestational age birth. J Pediatr. 2014;164(5):1051-7
e2.
Pasternak B, Svanstrom H, Molgaard-Nielsen D, Krause TG, Emborg
HD, Melbye M, et al. Risk of adverse fetal outcomes following
administration of a pandemic influenza A(H1N1) vaccine during
pregnancy. JAMA. 2012;308(2):165-74.
Ludvigsson JF, Strom P, Lundholm C, Cnattingius S, Ekbom A,
Ortgvist A, et al. Risk for Congenital Malformation With H1N1
Influenza Vaccine: A Cohort Study With Sibling Analysis. Ann Intern
Med. 2016;165(12):848-55.
Trotta F, Da Cas R, Spila Alegiani S, Gramegna M, Venegoni M,
Zocchetti C, et al. Evaluation of safety of A/HLN1 pandemic
vaccination during pregnancy: cohort study. BMJ. 2014;348:93361.
Hviid A, Svanstrom H, Molgaard-Nielsen D, Lambach P. Association
Between Pandemic Influenza A(H1N1) Vaccination in Pregnancy and
Early Childhood Morbidity in Offspring. JAMA pediatrics.
2017;171(3):239-48.
Heins M, Hooiveld M, Korevaar J. Monitor Vaccinatiegraad Nationaal
Programma Grieppreventie 2017. NIVEL, 2018.
ECDC. Available from:
https://ecdc.europa.eu/sites/portal/files/documents/Seasonal-
influenza-antiviral-use-EU-EEA-Member-States-December-
2018 0.pdf].
Public Health England. Available from:
https://assets.publishing.service.gov.uk/government/uploads/syste
m/uploads/attachment_data/file/742678/Childhood_flu_vaccination
programme_England_2017_to_2018.pdf.
van Lier A, Steens A, Ferreira JA, van der Maas NA, de Melker HE.
Acceptance of vaccination during pregnancy: Experience with 2009
influenza A (H1N1) in the Netherlands. Vaccine. 2012;30(18):2892-
9.
van Lier A, Ferreira JA, Mollema L, Sanders EAM, de Melker HE.
Intention to vaccinate universally against varicella, rotavirus
gastroenteritis, meningococcal B disease and seasonal influenza
among parents in the Netherlands: an internet survey. BMC
research notes. 2017;10(1):672.

Page 133 of 139


https://ecdc.europa.eu/sites/portal/files/documents/Seasonal-influenza-antiviral-use-EU-EEA-Member-States-December-2018_0.pdf
https://ecdc.europa.eu/sites/portal/files/documents/Seasonal-influenza-antiviral-use-EU-EEA-Member-States-December-2018_0.pdf
https://ecdc.europa.eu/sites/portal/files/documents/Seasonal-influenza-antiviral-use-EU-EEA-Member-States-December-2018_0.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742678/Childhood_flu_vaccination_programme_England_2017_to_2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742678/Childhood_flu_vaccination_programme_England_2017_to_2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/742678/Childhood_flu_vaccination_programme_England_2017_to_2018.pdf

RIVM Letter report 2019-0002

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

Bults M, Beaujean DJ, Richardus JH, van Steenbergen JE, Voeten
HA. Pandemic influenza A (H1N1) vaccination in The Netherlands:
parental reasoning underlying child vaccination choices. Vaccine.
2011;29(37):6226-35.

Harmsen IA. Vaccinating: Self evident or not? Development of a
monitoring system to evaluate acceptance of the National
Immunization Program (Chapter 8): Universiteit Maastricht; 2014.
de Bekker-Grob EW, Veldwijk J, Jonker M, Donkers B, Huisman J,
Buis S, et al. The impact of vaccination and patient characteristics
on influenza vaccination uptake of elderly people: A discrete choice
experiment. Vaccine. 2018;36(11):1467-76.

Eilers R, Krabbe PF, de Melker HE. Factors affecting the uptake of
vaccination by the elderly in Western society. Preventive medicine.
2014;69:224-34.

Wilson RJ, Paterson P, Jarrett C, Larson HJ. Understanding factors
influencing vaccination acceptance during pregnancy globally: A
literature review. Vaccine. 2015;33(47):6420-9.

Myers KL. Predictors of maternal vaccination in the United States:
An integrative review of the literature. Vaccine. 2016;34(34):3942-
9.

Collins J, Alona I, Tooher R, Marshall H. Increased awareness and
health care provider endorsement is required to encourage pregnant
women to be vaccinated. Hum Vaccin Immunother.
2014;10(10):2922-9.

Moniz MH, Beigi RH. Maternal immunization. Clinical experiences,
challenges, and opportunities in vaccine acceptance. Hum Vaccin
Immunother. 2014;10(9):2562-70.

Mak DB, Regan AK, Joyce S, Gibbs R, Effler PV. Antenatal care
provider's advice is the key determinant of influenza vaccination
uptake in pregnant women. Aust N Z J Obstet Gynaecol.
2015;55(2):131-7.

Henninger ML, Irving SA, Thompson M, Avalos LA, Ball SW, Shifflett
P, et al. Factors associated with seasonal influenza vaccination in
pregnant women. J Womens Health (Larchmt). 2015;24(5):394-
402.

McCarthy EA, Pollock WE, Tapper L, Sommerville M, McDonald S.
Increasing uptake of influenza vaccine by pregnant women post
HIN1 pandemic: a longitudinal study in Melbourne, Australia, 2010
to 2014. BMC Pregnancy Childbirth. 2015;15:53.

Healy CM, Rench MA, Montesinos DP, Ng N, Swaim LS. Knowledge
and attitiudes of pregnant women and their providers towards
recommendations for immunization during pregnancy. Vaccine.
2015;33(41):5445-51.

MacDougall DM, Halperin SA. Improving rates of maternal
immunization: Challenges and opportunities. Hum Vaccin
Immunother. 2016;12(4):857-65.

McQuaid F, Jones C, Stevens Z, Plumb J, Hughes R, Bedford H, et al.
Factors influencing women's attitudes towards antenatal vaccines,
group B Streptococcus and clinical trial participation in pregnancy:
an online survey. BMJ open. 2016;6(4):e010790.

Jung EJ, Noh JY, Choi WS, Seo YB, Lee J, Song JY, et al. Perceptions
of influenza vaccination during pregnancy in Korean women of
childbearing age. Hum Vaccin Immunother. 2016;12(8):1997-2002.

Page 134 of 139



RIVM Letter report 2019-0002

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

Frew PM, Kriss JL, Chamberlain AT, Malik F, Chung Y, Cortes M, et
al. A randomized trial of maternal influenza immunization decision-
making: A test of persuasive messaging models. Hum Vaccin
Immunother. 2016;12(8):1989-96.

Gaudelus J, Martinot A, Denis F, Stahl JP, Chevaillier O, Lery T, et
al. Vaccination of pregnant women in France. Medecine et maladies
infectieuses. 2016;46(8):424-8.

Bettinger JA, Greyson D, Money D. Attitudes and Beliefs of Pregnant
Women and New Mothers Regarding Influenza Vaccination in British
Columbia. Journal of obstetrics and gynaecology Canada : JOGC =
Journal d'obstetrique et gynecologie du Canada : JOGC.
2016;38(11):1045-52.

Frew PM, Owens LE, Saint-Victor DS, Benedict S, Zhang S, Omer
SB. Factors associated with maternal influenza immunization
decision-making. Evidence of immunization history and message
framing effects. Hum Vaccin Immunother. 2014;10(9):2576-83.
Frew PM. Commentary on "Moniz and Beigi's maternal
immunization: clinical experiences, challenges, and opportunities in
vaccine acceptance”. Hum Vaccin Immunother. 2014;10(9):2571-3.
Wong VWY, Fong DYT, Lok KYW, Wong JYH, Sing C, Choi AY, et al.
Brief education to promote maternal influenza vaccine uptake: A
randomized controlled trial. Vaccine. 2016;34(44):5243-50.
Bradley SL, Ehrenthal DB. Commentary on "Maternal immunization:
clinical experiences, challenges, and opportunities in vaccine
acceptance". Hum Vaccin Immunother. 2014;10(9):2574-5.

Smith LE, Weinman J, Amlot R, Yiend J, Rubin GJ. Parental
Expectation of Side Effects Following Vaccination Is Self-fulfilling: A
Prospective Cohort Study. Annals of behavioral medicine : a
publication of the Society of Behavioral Medicine. 2018.

Schmid P, Rauber D, Betsch C, Lidolt G, Denker ML. Barriers of
Influenza Vaccination Intention and Behavior - A Systematic Review
of Influenza Vaccine Hesitancy, 2005 - 2016. PloS one.
2017;12(1):e0170550.

Yeung MP, Lam FL, Coker R. Factors associated with the uptake of
seasonal influenza vaccination in adults: a systematic review.
Journal of public health (Oxford, England). 2016;38(4):746-53.
Baguelin M, Flasche S, Camacho A, Demiris N, Miller E, Edmunds
WJ. Assessing optimal target populations for influenza vaccination
programmes: an evidence synthesis and modelling study. PLoS Med.
2013;10(10):e1001527.

Backer JA, van Boven M, van der Hoek W, Wallinga J. Vaccinating
children against influenza increases variability in epidemic size.
Epidemics. 2018.

Backer JA, Wallinga J, Meijer A, Donker GA, van der Hoek W, van
Boven M. The impact of influenza vaccination on infection,
hospitalisation and mortality in the Netherlands between 2003 and
2015. Epidemics. 2018.

Blommaert A, Bilcke J, Vandendijck Y, Hanquet G, Hens N, Beutels
P. Cost-effectiveness of seasonal influenza vaccination in pregnant
women, health care workers and persons with underlying illnesses
in Belgium. Vaccine. 2014;32(46):6075-83.

Jit M, Cromer D, Baguelin M, Stowe J, Andrews N, Miller E. The cost-
effectiveness of vaccinating pregnant women against seasonal
influenza in England and Wales. Vaccine. 2010;29(1):115-22.

Page 135 of 139



RIVM Letter report 2019-0002

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

Weycker D, Edelsberg J, Halloran ME, Longini IM, Jr., Nizam A,
Ciuryla V, et al. Population-wide benefits of routine vaccination of
children against influenza. Vaccine. 2005;23(10):1284-93.
Vynnycky E, Pitman R, Siddiqui R, Gay N, Edmunds WJ. Estimating
the impact of childhood influenza vaccination programmes in
England and Wales. Vaccine. 2008;26(41):5321-30.

Pitman RJ, White LJ, Sculpher M. Estimating the clinical impact of
introducing paediatric influenza vaccination in England and Wales.
Vaccine. 2012;30(6):1208-24.

Gerlier L, Lamotte M, Greneche S, Lenne X, Carrat F, Weil-Olivier C,
et al. Assessment of Public Health and Economic Impact of
Intranasal Live-Attenuated Influenza Vaccination of Children in
France Using a Dynamic Transmission Model. Appl Health Econ
Health Policy. 2017;15(2):261-76.

Gibson E, Begum N, Martinon-Torres F, Safadi MA, Sackeyfio A,
Hackett J, et al. Cost-effectiveness analysis of the direct and indirect
impact of intranasal live attenuated influenza vaccination strategies
in children: alternative country profiles. J Mark Access Health Policy.
2016;4.

Rose MA, Damm O, Greiner W, Knuf M, Wutzler P, Liese JG, et al.
The epidemiological impact of childhood influenza vaccination using
live-attenuated influenza vaccine (LAIV) in Germany: predictions of
a simulation study. BMC Infect Dis. 2014;14:40.

Gerlier L, Lamotte M, Dos Santos Mendes S, Damm O, Schwehm M,
Eichner M. Estimates of the Public Health Impact of a Pediatric
Vaccination Program Using an Intranasal Tetravalent Live-
Attenuated Influenza Vaccine in Belgium. Paediatr Drugs.
2016;18(4):303-18.

Meeyai A, Praditsitthikorn N, Kotirum S, Kulpeng W, Putthasri W,
Cooper BS, et al. Seasonal influenza vaccination for children in
Thailand: a cost-effectiveness analysis. PLoS Med.
2015;12(5):e1001829; discussion e.

Weidemann F, Remschmidt C, Buda S, Buchholz U, Ultsch B,
Wichmann O. Is the impact of childhood influenza vaccination less
than expected: a transmission modelling study. BMC Infect Dis.
2017;17(1):258.

Pitman RJ, Nagy LD, Sculpher MJ. Cost-effectiveness of childhood
influenza vaccination in England and Wales: Results from a dynamic
transmission model. Vaccine. 2013;31(6):927-42.

Reichert TA, Sugaya N, Fedson DS, Glezen WP, Simonsen L, Tashiro
M. The Japanese experience with vaccinating schoolchildren against
influenza. N Engl J Med. 2001;344(12):889-96.

Pebody RG, Green HK, Andrews N, Boddington NL, Zhao H, Yonova
I, et al. Uptake and impact of vaccinating school age children
against influenza during a season with circulation of drifted influenza
A and B strains, England, 2014/15. Euro Surveill. 2015;20(39).
Pebody RG, Green HK, Andrews N, Zhao H, Boddington N, Bawa Z,
et al. Uptake and impact of a new live attenuated influenza vaccine
programme in England: early results of a pilot in primary school-age
children, 2013/14 influenza season. Euro Surveill. 2014;19(22).

Page 136 of 139



RIVM Letter report 2019-0002

310.

311.

312.

313.

314.

315.

316.

317.

318.

3109.

320.

321.

322.

Hardelid P, Kapetanstrataki M, Norman L, Fleming SJ, Lister P,
Gilbert R, et al. Impact of the introduction of a universal childhood
influenza vaccination programme on influenza-related admissions to
paediatric intensive care units in England. BMJ Open Respir Res.
2018;5(1):e000297.

Mann AG, Mangtani P, Russell CA, Whittaker JC. The impact of
targeting all elderly persons in England and Wales for yearly
influenza vaccination: excess mortality due to pneumonia or
influenza and time trend study. BMJ Open. 2013;3(8).

McDonald SA, van Asten L, van der Hoek W, Donker GA, Wallinga J.
The impact of national vaccination policy changes on influenza
incidence in the Netherlands. Influenza Other Respir Viruses.
2016;10(2):76-85.

Corson S, Robertson C, Reynolds A, McMenamin J. Modelling the
population effectiveness of the national seasonal influenza
vaccination programme in Scotland: the impact of targeting all
individuals aged 65 years and over Flu Vaccination Programme
Effectiveness. Influenza Other Respir Viruses. 2018.

Arinaminpathy N, Kim IK, Gargiullo P, Haber M, Foppa IM, Gambhir
M, et al. Estimating Direct and Indirect Protective Effect of Influenza
Vaccination in the United States. Am J Epidemiol. 2017;186(1):92-
100.

Eichner M, Schwehm M, Hain J, Uphoff H, Salzberger B, Knuf M, et
al. 4Flu - an individual based simulation tool to study the effects of
quadrivalent vaccination on seasonal influenza in Germany. BMC
Infect Dis. 2014;14:365.

Baguelin M, Jit M, Miller E, Edmunds WJ. Health and economic
impact of the seasonal influenza vaccination programme in England.
Vaccine. 2012;30(23):3459-62.

Kostova D, Reed C, Finelli L, Cheng PY, Gargiullo PM, Shay DK, et
al. Influenza lliness and Hospitalizations Averted by Influenza
Vaccination in the United States, 2005-2011. PLoS One.
2013;8(6):e66312.

Foppa IM, Cheng PY, Reynolds SB, Shay DK, Carias C, Bresee JS, et
al. Deaths averted by influenza vaccination in the U.S. during the
seasons 2005/06 through 2013/14. Vaccine. 2015;33(26):3003-9.
Preaud E, Durand L, Macabeo B, Farkas N, Sloesen B, Palache A, et
al. Annual public health and economic benefits of seasonal influenza
vaccination: a European estimate. BMC Public Health. 2014;14:813.
Fell DB, Azziz-Baumgartner E, Baker MG, Batra M, Beaute J, Beutels
P, et al. Influenza epidemiology and immunization during
pregnancy: Final report of a World Health Organization working
group. Vaccine. 2017;35(43):5738-50.

Backer JA, Van Boven M, Van der Hoek W, Wallinga J. Vaccinating
children against influenza increases variability in epidemic size.
Epidemics. 2018;In press.

Belgian Health Care Knowledge Centre. Seasonal influenza
vaccination: prioritizing children or other target groups? Part I1:
Cost-effectiveness analysis - Synthesis. 2013 [cited 2018 1 August];
Available from:
https://kce.fgov.be/sites/default/files/atoms/files/KCE_204Cs_Seas
onal_influenza_vaccination_partll.pdf.

Page 137 of 139


https://kce.fgov.be/sites/default/files/atoms/files/KCE_204Cs_Seasonal_influenza_vaccination_partII.pdf
https://kce.fgov.be/sites/default/files/atoms/files/KCE_204Cs_Seasonal_influenza_vaccination_partII.pdf

RIVM Letter report 2019-0002

323.

324.

325.

326.

327.

328.

3209.

330.

331.

332.

333.

334.

335.

336.

Baguelin M, Camacho A, Flasche S, Edmunds WJ. Extending the
elderly- and risk-group programme of vaccination against seasonal
influenza in England and Wales: a cost-effectiveness study. BMC
Med. 2015;13:236.

Damm O, Eichner M, Rose MA, Knuf M, Wutzler P, Liese JG, et al.
Public health impact and cost-effectiveness of intranasal live
attenuated influenza vaccination of children in Germany. Eur J
Health Econ. 2015;16(5):471-88.

Thorrington D, Jit M, Eames K. Targeted vaccination in healthy
school children - Can primary school vaccination alone control
influenza? Vaccine. 2015;33(41):5415-24.

Meijboom M, Buskens E, Hak E. Influenza vaccination of healthy
adults in the age category 50-64; balance between costs and effects
(In Dutch);. 2007 [cited 2018 27 Nov]; Available from:
https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08
/griepvaccinatie-herziening-van-de-indicatiestelling.

Nagy L, Heikkinen T, Sackeyfio A, Pitman R. The Clinical Impact and
Cost Effectiveness of Quadrivalent Versus Trivalent Influenza
Vaccination in Finland. Pharmacoeconomics. 2016;34(9):939-51.
Hodgson D, Baguelin M, van Leeuwen E, Panovska-Griffiths J,
Ramsay M, Pebody R, et al. Effect of mass paediatric influenza
vaccination on existing influenza vaccination programmes in England
and Wales: a modelling and cost-effectiveness analysis. Lancet
Public Health. 2017;2(2):e74-e81.

de Boer PT, van Maanen BM, Damm O, Ultsch B, Dolk FCK, Crepey
P, et al. A systematic review of the health economic consequences
of quadrivalent influenza vaccination. Expert Rev Pharmacoecon
Outcomes Res. 2017;17(3):249-65.

Van Bellinghen LA, Meier G, Van Vlaenderen |. The potential cost-
effectiveness of quadrivalent versus trivalent influenza vaccine in
elderly people and clinical risk groups in the UK: a lifetime multi-
cohort model. PLoS One. 2014;9(6):€98437.

Meier G, Gregg M, Poulsen Nautrup B. Cost-effectiveness analysis of
quadrivalent influenza vaccination in at-risk adults and the elderly:
an updated analysis in the U.K. J Med Econ. 2015;18(9):746-61.
Thommes EW, Ismaila A, Chit A, Meier G, Bauch CT. Cost-
effectiveness evaluation of quadrivalent influenza vaccines for
seasonal influenza prevention: a dynamic modeling study of Canada
and the United Kingdom. BMC Infect Dis. 2015;15:465.

Dolk C, Eichner M, Welte R, Anastassopoulou A, Van Bellinghen LA,
Poulsen Nautrup B, et al. Cost-Utility of Quadrivalent Versus
Trivalent Influenza Vaccine in Germany, Using an Individual-Based
Dynamic Transmission Model. Pharmacoeconomics.
2016;34(12):1299-308.

Garcia A, Ortiz de Lejarazu R, Reina J, Callejo D, Cuervo J, Morano
Larragueta R. Cost-effectiveness analysis of quadrivalent influenza
vaccine in Spain. Hum Vaccin Immunother. 2016;12(9):2269-77.
Thorrington D, van Leeuwen E, Ramsay M, Pebody R, Baguelin M.
Cost-effectiveness analysis of quadrivalent seasonal influenza
vaccines in England. BMC Med. 2017;15(1):166.

Mennini FS, Bini C, Marcellusi A, Rinaldi A, Franco E. Cost-
effectiveness of switching from trivalent to quadrivalent inactivated
influenza vaccines for the at-risk population in Italy. Hum Vaccin
Immunother. 2018;14(8):1867-73.

Page 138 of 139


https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08/griepvaccinatie-herziening-van-de-indicatiestelling
https://www.gezondheidsraad.nl/documenten/adviezen/2007/03/08/griepvaccinatie-herziening-van-de-indicatiestelling

RIVM Letter report 2019-0002

337.

338.

Capri S, Barbieri M, de Waure C, Boccalini S, Panatto D. Cost-
effectiveness analysis of different seasonal influenza vaccines in the
elderly Italian population. Hum Vaccin Immunother. 2018:1-11.
Beyer WEP, Palache AM, Boulfich M, Osterhaus A. Rationale for two
influenza B lineages in seasonal vaccines: A meta-regression study
on immunogenicity and controlled field trials. Vaccine.
2017;35(33):4167-76.

Page 139 of 139



RIVM
Committed to health and sustainability




	Colophon
	Contents
	Preface — 9

	Preface
	1 Influenza disease burden
	1.1 Pathogen and transmission
	1.2 Influenza and disease burden
	Influenza surveillance
	1.2.1 Influenza during pregnancy
	1.2.1.1 Mortality and hospitalisations due to influenza during pregnancy using studies from the review with individual-level data
	1.2.1.2 Mortality and hospitalisations due to influenza during pregnancy using review studies with group-level data
	1.2.1.3 Reviews on 2009-pandemic influenza A(H1N1) data
	1.2.1.4 Review of birth outcomes following maternal influenza

	1.2.2 Influenza in children
	1.2.3 Influenza in elderly and people with comorbidities
	1.2.3.1 Burden of influenza among the immunocompromised



	2 Influenza vaccination
	2.1 Influenza vaccines
	2.1.1 Availability of vaccines in the Netherlands
	2.1.2 Influenza vaccines
	2.1.2.1 Currently available vaccines
	2.1.2.2 Development of next-generation vaccines


	2.2 The current influenza vaccination programme in the Netherlands
	2.2.1 Target groups for influenza vaccination


	3 Effectiveness of influenza vaccines and vaccination
	3.1 Measuring influenza vaccine efficacy and effectiveness
	3.1.1 Vaccine efficacy
	3.1.2 Vaccine effectiveness
	3.1.3 Calculation of influenza VE

	3.2 Vaccine effectiveness of maternal vaccination
	3.2.1 Protection against infant influenza
	3.2.1.1 Randomised controlled trials
	3.2.1.2 Observational studies

	3.2.2 Protection against influenza during pregnancy
	3.2.2.1 Randomised controlled trials
	3.2.2.2 Observational studies

	3.2.3 Other benefits of maternal influenza vaccination

	3.3 Vaccination programme and vaccine effectiveness in healthy children
	3.3.1 Current vaccination programmes
	3.3.2 Rationale for vaccination of healthy children
	3.3.3 Influenza vaccine effectiveness in children
	3.3.4 LAIV controversy

	3.4 Vaccine effectiveness in the elderly
	3.4.1 RCTs
	3.4.2 Systematic reviews and meta-analyses of observational studies
	3.4.3 European estimates
	3.4.4 Alternative vaccines
	3.4.4.1 Adjuvanted influenza vaccines
	3.4.4.2 High-dose influenza vaccines
	3.4.4.3 Recombinant influenza vaccines


	3.5 Effectiveness and efficacy of the influenza vaccination in people with co-morbidities
	3.5.1 Chronic obstructive pulmonary disorder (COPD)
	3.5.2 Asthma
	3.5.3 Cardiovascular disease
	3.5.4 Diabetes mellitus
	3.5.5 Kidney disease
	Remschmidt  et al. [132] conducted a systematic review of five retrospective cohort studies and assessed the VE in patients that underwent renal replacement therapy (kidney transplantation, peritoneal dialysis, hemodialysis) due to end-stage renal dis...

	3.5.6 Elderly people with comorbidities
	3.5.7 Immunocompromised patients
	The efficacy of trivalent inactivated influenza vaccine was established in HIV patients in a RCT that demonstrated fewer laboratory-confirmed influenza virus infections but no significant effects on other clinical outcomes [140]. Many reviews evaluati...


	3.6 Vaccine efficacy and effectiveness in the Netherlands
	3.7 Immunity induced by influenza infection and vaccination
	3.7.1 Role of the different components of the immune system in protection against influenza virus infection induced by vaccination
	3.7.1.1 Innate immunity

	3.7.2 Adaptive immune response
	3.7.2.1 Antibodies

	3.7.3 Cellular immunity
	3.7.4 Effect of age on immunity to influenza virus induced by vaccination

	3.8 Effect of repeated vaccinations
	3.9 Intraseasonal waning of immunity

	4 Safety and (adverse) consequences of Influenza vaccination
	GLOSSARY
	4.1 History and overview of safety of influenza vaccination
	4.2 Safety of trivalent inactivated influenza vaccine (TIV)
	4.2.1 General
	4.2.1.1 Anaphylaxis
	4.2.1.2 Guillain–Barré Syndrome
	4.2.1.3 Multiple Sclerosis
	4.2.1.4 Other

	4.2.2 Safety of brands used in the Dutch NPG
	4.2.2.1 Reports to the spontaneous reporting system in the Netherlands
	4.2.2.2 Lareb Intensive Monitoring
	4.2.2.3 International monitoring


	4.3 Safety of quadrivalent inactivated influenza vaccine (QIV)
	4.3.1 General
	4.3.2 Safety of brands licensed in the Netherlands

	4.4 Safety of live-attenuated influenza vaccine (LAIV)
	4.4.1 General
	4.4.1.1 Quadrivalent vs trivalent LAIV

	4.4.2 Safety of brands licensed in the Netherlands

	4.5 Safety of maternal influenza vaccination
	4.5.1 Tolerability for the mother
	4.5.2 Short-term adverse pregnancy outcomes
	4.5.3 Long-term adverse pregnancy outcomes


	5 Influenza vaccine uptake and acceptance of vaccination
	5.1 Vaccine uptake
	5.1.1 Vaccine uptake in the Netherlands
	5.1.2 Vaccine recommendations and uptake in other European countries

	5.2 Acceptance of influenza vaccination in the Netherlands
	5.2.1 Acceptance of maternal influenza vaccination
	5.2.2 Acceptance of influenza vaccination for infants by parents
	5.2.3 Acceptance of influenza vaccination for infants among youth healthcare workers
	5.2.4 Acceptance of influenza vaccination among the elderly

	5.3 International acceptance of influenza vaccination
	5.3.1 Acceptance of maternal influenza vaccination
	5.3.2 Parental acceptance of influenza vaccination of children
	5.3.3 Acceptance of influenza vaccination among elderly


	6 Impact of influenza vaccination programmes
	6.1 Impact of influenza vaccination programmes on pregnant women
	6.2 Impact of influenza vaccination programmes on healthy children
	6.2.1 Impact of paediatric vaccination programme based on model studies
	6.2.2 Impact of paediatric vaccination programme from observation

	6.3 Impact of influenza vaccination programmes for the elderly and persons with co-morbidities
	6.3.1 Impact of current vaccination programme based on observation
	6.3.2 Impact of current vaccination programme based on computer simulations


	7 Cost-effectiveness of vaccination
	7.1 Cost-effectiveness of maternal vaccination
	7.2 Cost effectiveness of childhood influenza vaccination
	7.2.1 Cost effectiveness of childhood influenza vaccination in the Netherlands
	7.2.2 Cost effectiveness of childhood influenza vaccination in other European countries

	7.3 Cost effectiveness of the current vaccination programme
	7.4 Cost effectiveness of quadrivalent influenza vaccine

	8 List of abbreviations
	9 Literature



