Journal of Infection (2014) 68, S100—S107

Bl ANN

British Infection Association

www.elsevierhealth.com/journals/jinf

Influenza vaccination in kids, are you

kidding me?

AR
@ CrossMark

Inge Ahout, Gerben Ferwerda, Ronald de Groot*

Department of Pediatrics, Laboratory of Pediatric Infectious Diseases, Nijmegen, The Netherlands

Accepted 20 September 2013
Available online 25 October 2013

KEYWORDS
Influenza;

Vaccination;

National Immunization
Program

Summary Seasonal influenza infections cause a high burden of disease for the whole commu-
nity every year. Effective vaccines are available and used worldwide in adults and children.
Discussion is ongoing as to whether influenza vaccination for children should be implemented
in the National Immunization Program (NIP). Is there enough evidence to support routine influ-
enza vaccination in children? In this review we briefly discuss the influenza viruses and the

available vaccines. Subsequently, the current data available on influenza vaccination is re-
viewed and weighed against the Dutch criteria for the introduction of new vaccines into the

NIP.

© 2013 Published by Elsevier Ltd on behalf of The British Infection Association.

Introduction

Influenza virus is a RNA virus belonging to the Orthomyxo-
viridea which primarily infects the respiratory tract. Trans-
mission mainly occurs through aerosols created after
coughing. However, the virus can also be transmitted via
direct contact with nasal secretions (daycare centers and
siblings) or feces of animals (bird droppings and avian flu)."

Influenza occurs worldwide in winter epidemics, result-
ing in three to five million cases of severe illness and
250,000 to 500,000 deaths yearly.? Some years, a new influ-
enza A virus subtype emerges in which the hemagglutinin
gene is not related to the circulating influenza strains.
Influenza strains can acquire genes from influenza viruses

that infect birds or pigs. These new strains of influenza vi-
ruses can spreads worldwide and cause a pandemic.>~>

In late March 2009 such a novel influenza A (H1N1) virus
was identified in Southern America which showed reassort-
ment of swine avian and human strains.® This virus was sub-
sequently recognized as the cause of an outbreak of
respiratory illness in Mexico.” In June 2009 the WHO
declared a pandemic. At the start of the pandemic the virus
appeared to be very virulent with a high mortality rate,
especially in young adults and children.® This information
resulted in the decision to vaccinate people in the Northern
hemisphere to protect them against this severe disease.
However, in the Northern hemisphere the virus behaved
more like a seasonal influenza virus. HIN1 disease had the
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highest attack rate in young children causing relatively mild
disease.’ The pandemic H1N1 replaced the seasonal flu so
that, in the influenza season 2009—2010, over 99% of the
influenza positive isolates in Europe and America were
pandemic HIN1 influenza A."%"

There are three types of influenza viruses: types A, B and
C, of which influenza A is the most virulent and causes more
severe disease. Influenza A predominantly infects (aquatic)
birds where extensive reassortment of genes can occur
increasing the risk to form strains which can infect
humans.'” This has led to pandemics in the past (H1N1,
Spanish Flu 1918 and Swine Flu 2009; H2N2, Asian Flu
1957; and H3N2 Hong Kong Flu 1968) and poses a continuous
threat for new outbreaks. Due to the huge genetic variation
of influenza A, different serotypes are known. Low cross
protectiveness occurs throughout life and after vaccina-
tion.”* Influenza B is mostly restricted to humans and
has a slow mutation rate leading to a low genetic diversity;
only one serotype is known.'® Throughout life people ac-
quire a certain degree of protection against influenza B,
although antigenic drift of the virus prevents full protec-
tion.” Influenza C is less common then the other types
and can infect humans, pigs and dogs. It most often causes
mild disease in children and rarely outbreaks of severe
disease.®

Currently two types of influenza vaccines are available,
the trivalent influenza vaccine (TIV) and the live attenu-
ated influenza vaccine (LAIV), both registered in the US and
Europe. Both vaccines contain two type A influenza strains
(H1IN1 and H3N2) and one type B influenza strain.'”'® Due
to the high mutation rate of the virus, the vaccine compo-
sition has to be adjusted every year based on the prediction
from the World Health Organization about which strains of
the virus are most likely to be circulating in the next year.'®
Both vaccines have been shown to be effective and are used
in many national immunization programmes (NIP), although
large differences in protection have been reported.?%?!
LAIV has only been registered for vaccination of children
older than 2 years and adults younger than 50 years.?>%*
Currently no vaccine for children younger than 6 months
is available. Vaccination of pregnant women in 3rd
trimester with TIV may protect young infants.”* There is
the tendency to advice LAIV for pandemic influenza
because it induces better protection if there is no pre-
existing immunity in the community against these strains.?’

Influenza in children

Influenza infections lead to symptoms including fever,
cough, nasal congestion, general malaise and muscle
pain, also referred to as ‘the flu’ (Table 1).2° In children,
the disease is often accompanied by gastrointestinal com-
plaints such as vomiting and diarrhea.?” In comparison to
other respiratory viruses, influenza infection appears to
have a more severe course of disease in children over 1
year of age, in whom infection may lead to viral pneumonia
or secondary bacterial super infection.?®° Further, influ-
enza infection is associated with the development of otitis
media in children.?'

The annual incidence of seasonal influenza infection is
2—10% worldwide.? Attack rates are highest in young

children (20—30%). Before the age of 6 years most children
have been infected at least once with influenza A.**>* The
annual burden of disease in children is difficult to establish
and often underestimated. This is partly due to seasonal
overlap with epidemics caused by other respiratory vi-
ruses,> and the diverse spectrum of clinical manifestations
in children.?”*¢ The average annual hospitalization rate in
children is 9/10,000 and higher in young infants (up to
100/10,000). The overall mortality due to influenza is
very low, and is the highest in children below the age of 6
months (0.9/100,000). Pre-existing medical conditions,
such as chronic diseases and the use of immunosuppression,
increases the risk of a complicated influenza infection.?’

Most children with an uncomplicated influenza infection
are seen by the general practitioner, demanding high
healthcare capacity during the respiratory season.>’ >’
Further, children with flu have to stay at home resulting
in absence at work of their parents. In this way influenza
infection in children also affects the community indirectly.
Influenza is rapidly disseminated in school children and chil-
dren play an important role in transmission cycle during an
epidemic.“®*' Vaccination of children therefore also pre-
vents morbidity and mortality in the elderly.*?

The Committee on Infectious Diseases of the American
Academy of Pediatrics (AAP) publishes yearly the recom-
mendations for the prevention and treatment of influenza
in children.”® Regarding vaccination, they recommend
annual TIV for: (i) All children, both healthy and with con-
ditions that increase the risk of complications from flu,
aged 6 months to 18 years, (ii) household contacts and
out-of-home care providers of children with conditions
that place them at high risk or healthy children younger
than 5 years, (iii) all healthcare professionals and (iv) preg-
nant women.

According to these recommendations, 85% of the US
population should be vaccinated.* In practise, only 50% of
high risk patients are vaccinated and 27% of all children in
the US are completely vaccinated. Most of the children be-
tween the ages of 2 and 18 years are vaccinated with TIV
(90%) and 10% with LAIV.**> In previous recommendations
of the AAP only the youngest children should be vaccinated
(TIV for children 6—23 months in 2004 and 6—59 months in
2006).“® The evidence base to vaccinate older children up
to 18 years is poor.*’

The European Centre of Disease Prevention and Control
(ECDC) does not recommend routine seasonal flu vaccina-
tion in healthy children.'®*® Since 2007 TIV has been
included in the NIP of Finland for children 6—35 months.*’
During the 2009 H1N1 pandemic, many countries in Europe
decided to vaccinate young children, pregnant women, the
elderly and high-risk patient groups (Fig. 1).?° In The
Netherlands, the policies regarding routine vaccination of
the elderly led in 2012 to media commotion initiated by
an article in the Lancet Infectious Diseases by Osterholm
et al. and opinion articles by a general practitioner based
on this article in the Geneesmiddelen Bulletin.”>>" As a
result of this commotion, uptake of influenza vaccines by
the elderly, hospital employees and high-risk patient groups
decreased, policy makers were taken to court and public
concern about vaccination grew. The main arguments
against vaccination were: (i) there are no randomized
controlled trials with appropriate end-points in many high
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Table 1 Symptoms of influenza infection in children.
H1N1 Seasonal
(%)8,1107112 inﬂuenza (%)27,28,110

Fever 91 88

Cough 82 90

Rhinorrhea 65 83

Fatigue 63 71

Sore throat 49 42

Respiratory distress 35 35

Vomiting 22 28

Diarrhea 10 12

Convulsion 8 1

risk groups, (ii) there is no valid evidence from randomized
studies that annual vaccination in the elderly and high risk
patients is effective and (iii) 15 of the 36 studies on the
effectiveness and efficacy of vaccination are sponsored by
the pharmaceutical industry which raises issues of conflict
of interest.>?

Evaluation of influenza vaccinations against
the Dutch criteria

In the second part of this review the current available data
for influenza vaccination in children will be reviewed. The
criteria to include vaccines in the Dutch NIP are used as a
framework to evaluate whether influenza vaccination is
justified in children (Table 2).>* Because data sometimes
can be interpreted in different ways and new relevant

Figure 1

studies on this subject are published every year, this review
should be used as guidance to follow the ongoing discussion
whether influenza vaccinations for all children should be
implemented into the NIP as advised by the AAP. We will
only refer to studies with laboratory-confirmed influenza
infection (RT-PCR or culture) to avoid an overestimation
as seen in studies only using serology.>

Disease burden and mortality of influenza in
children

For children with influenza, medical attention is often
sought at the general practitioner and outpatient clinics.
Consultation rates vary between seasons and are age
dependent. In general, children younger than 2 years are
most frequently seen by GPs, with rates up to 1000/10,000
in seasons with a high incidence of influenza.?’-¢*° Be-
tween the ages of 2—5 years, the GP visit rates decline to
30—-150/10,000. Data for children older than 5 years with
laboratory confirmed influenza are not available, but it is
likely that a further decline is seen in this age group.?’
Frequently children are hospitalized due to influenza
infection and this contributes considerably to the (limited)
admission capacity of the pediatric wards. Hospitalization
rates for children younger than 5 years are reported
between 4 and 100/10,000 depending on the sea-

son.2728:37739,55760 Hagpitalization rates due to influenza
type B are lower.”® Hospitalization rates of young children,
in particularly below the age of 6 months, are the high-
est.27:35:57,58.60 Hogspitalization rates of children between
the ages 5—16 years are relatively low and between 0.5
and 4/10,000.°%:°%:>7

Countries that have introduced national influenza A (H1N1) vaccination programmes.
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Table 2 Criteria used in the Netherlands to include a vaccine in the National Immunization Programme.>?

| The infectious disease causes considerable disease burden within the population, is serious for individuals and affects or

has the potential to affect a large number of people

Il Vaccination may be expected to considerably reduce the disease burden within the population

Il Any adverse effects associated with vaccination are not sufficient to substantially diminish the public health benefit

IV The inconvenience or discomfort that an individual may be expected to experience in connection with his personal
vaccination is not disproportionate in relation to the health benefit for the individual concerned and the population

as a whole

V  The balance between the costs of vaccination and the associated health benefit compares favorably to that associated

with other means of reducing the relevant disease burden

VI Relative to other vaccinations that might also be selected for inclusion, provision of this vaccination serves an urgent

public health need at reasonable social cost

Mortality due to influenza infection in children is rare in
developed countries. Incidences have been reported up to
0.9/100.000.°" In the US (313.7 million people), 166 chil-
dren died between 2004 and 2007 due to influenza infec-
tion. Only 6% of them were fully vaccinated. Bacterial co-
infection was confirmed in 6—34% of these cases.®
Although mortality due to influenza is rare, young children
below the age of 6 months are at highest risk.

Efficacy and effectiveness

The performance of a vaccine is assessed by its efficacy and
effectiveness. Vaccine efficacy is defined as the relative
reduction in influenza risk given ideal circumstances and
100% vaccine uptake. This is usually determined by a
randomized placebo-controlled clinical trial. Vaccine effec-
tiveness is defined as the relative reduction in influenza risk
when a vaccine is used in routine circumstances in the
community. This is measured in an observational studies
that use medically attended, laboratory-confirmed influ-
enza as primary outcome.®® Based on these definitions a
meta-analysis was performed by Osterholm et al. to eval-
uate influenza vaccination in adults and children.® In this
analysis, 9 randomized controlled trials were included
that evaluated vaccine efficacy in children: 1 studied TIV
and 8 studied LAIV. There was no efficacy of non-
adjuvanted TIV in children aged between 6 and 23
months.®* For children aged between 2 and 18 years, no
randomized controlled trials have been performed to
date. LAIV vaccination in children between 6 months and
7 years was efficacious in all 8 studies, although there
was a considerable variation between the studies
(57—93%).%°~7° The variation in efficacy of LAIV cannot be
explained by differences in study design and is most likely
attributed by seasonal variability and age groups included
in the studies. No randomized studies have been performed
to study the efficacy of LAIV in people aged between 8 and
18 years. Further, it should be noted that the incidence of
influenza in a specific season is variable and unpredictable,
therefore reducing the precision of vaccine efficacy mea-
sures during the mild seasons.”"

The meta-analysis for effectiveness of vaccination for
seasonal flu with LIV showed a large variation with overall
moderate protection for children (10—84%).”~7¢ One study
reported a high effectiveness of TIV with relative risk
reduction for influenza A up to 100% for children aged

between 2 and 3 years.”> However, this was only shown dur-
ing one season and as stated before, seasonal variation can
have a major impact on these measurements. In two other
studies it was shown that adjuvants increased the effec-
tiveness of TIV in children aged between 6 and 72 months.
A risk reduction was reached of 79% for children aged be-
tween 6 and 36 months (40% without adjuvants) and 92%
for children aged between 36 and 72 months (45% without
adjuvants).””’8

Overall it can be concluded that vaccination may lead to
a considerable reduction of disease burden. However,
efficacy in young infants is suboptimal and for those with
the highest risk (younger than 6 months) no vaccine is
approved. Furthermore, it should be noted that annual
antigenic match for A/H3N2 subtypes (1991—2007) is
relatively low (55—69%) and for B subtypes highly variable
(38—100%).”° This will have major impact on the eventual
effectiveness of vaccination. Therefore it is questionable
if there is sufficient evidence and efficacy for inclusion of
influenza vaccination in a NIP.

Adverse effects

Vaccination with TIV is associated with mild local reactions
such as soreness or tenderness at the injection site. Fewer
than 1% of adults immunized will also experience fever,
chills, or a general sense of feeling unwell that lasts one to
two days. These local reactions are not different between
adjuvanted and non-adjuvanted TIV. Children are more
likely to experience these symptoms.

During the 2009 H1N1 pandemic influenza, more than 90
million people were vaccinated with non-adjuvanted TIV
and adverse events have been monitored extensively due to
public concerns regarding the safety of the vaccine. There
were no adverse events associated with the use of this
vaccine in children.®’ The safety of the adjuvanted TIV
(MF59) is comparable with non-adjuvanted vaccines in chil-
dren.®"®2 Increased incidence of Guillain-Barré has been
reported for ASO3 adjuvanted vaccines, but has been
refuted in large observation studies.®*®5 Narcolepsy has
been associated with the ASO3 adjuvanted pandemic H1N1
vaccine in children and appears to be irreversible.?¢~%

Vaccination with LAIV is associated with mild local
symptoms such as rhinorrhea and nasopharyngeal conges-
tion. Initially it was feared that LAIV in young children was
associated with Bell’s palsy. However, this has not been



5104

I. Ahout et al.

observed in large cohort studies.’>®' It has been reported
that LAIV is associated with wheezing in young children un-
der the age of 2 years, although the incidence was not
higher compared to TIV.?>°* Only mild symptoms of rhinor-
rhea and headache are consistent in all studies.’*

In animal models it has been shown that infection by
seasonal flu induces hetero-subtypic protection (benefi-
cial), whereas vaccination of mice and ferrets provides less
protection against H5N1 compared to prior infection with
seasonal flu®® This could imply that vaccination reduces
‘natural’ protection against subsequent influenza infec-
tions. In contrast, for LAIV it has been demonstrated that
CD4+CD8+ and gamma/delta T-cells are induced which
are relevant for hetero-subtypic immunity.”’ ' Whether
these immunological mechanisms play a relevant role on a
population level and should be taken in account for vacci-
nation policies needs to be further explored.'”

In general it can be concluded that non-adjuvanted TIV
and LAIV are only associated with mild adverse events. For
children below the age of 2 years, data is limited and more
studies are needed.

Number needed to vaccinate

The number needed to vaccinate to reduce overall disease
burden can be expressed by prevention of outpatient visits,
hospitalization or mortality. Lewis et al. included three
studies for a meta-analysis and based on these studies it
was calculated that 12—42 children aged between 6 and 59
months need to be vaccinated to prevent one outpatient
visit.'%% To prevent one hospitalization, 1031—3050 children
aged between 6 and 23 months and 4255—6897 children
aged between 24 and 59 months need to be vaccinated.'%?
No data are available regarding the number needed to
vaccinate to prevent one death, due to the low mortality
rates. These numbers indicate that an enormous number
of children need to be vaccinated to reduce the burden
of disease. It can be argued that vaccination of children
may also prevent disease burden in the elderly by herd im-
munity and therefore the reduction of disease burden is
higher.* This was observed during the introduction of
vaccination of school children in Japan and the US where
morbidity and mortality rates due to influenza in the
elderly decreased substantially.'®'%* However, it is ques-
tionable whether it is ethical to vaccination children for
this purpose.

Cost effectiveness

Prevention of influenza in children affects the consultation
rate of healthcare workers and has an impact on the
community, in terms of absence from school and parental
work. This will directly result in cost reduction for health-
care providers as well as the community. In a sensitivity
analysis from the healthcare provider perspective in
Finland, it was calculated that vaccination was cost saving
for all age groups. This was particularly evident in children
aged 6—26 months.'® In this model, they used a moderate
efficacy figure of 60% in account, which is feasible with cur-
rent vaccines. These results are comparable with calcula-
tions based on the situation in the US and the UK.'%¢~ 108

The largest reduction cost (>50%) was achieved by preven-
tion of otitis media in children younger than 3 years of age.
In these models, the effect of childhood vaccination on the
incidence of influenza in the elderly was not included and
indirect cost savings might be much higher. These data indi-
cate that vaccination of healthy children is cost effective.

In relation to other vaccines

The first five criteria discussed in this review assess
objective measures of vaccine efficacy, effectiveness and
necessity such as burden of disease, quality adjusted life
years (QUALYs) and cost-effectiveness ratio. These criteria
can be compared and guide healthcare policy regarding
vaccination.'” However, both the financial resources and
practical scope for including new vaccinations in the NIP
are finite. Therefore priority should be given to vaccina-
tions that serves the most urgent public health need, as
measured by greatest public health benefit at reasonable
individual and societal costs.>> This leads to a more subjec-
tive criterion: what is the most urgent or potentially most
urgent public health need? No good criteria are currently
available to compare vaccine candidates based on their ur-
gency. As a result, in the final decision to include vaccines
in NIP, politics are an important factor and public debate
inevitable.

Conclusions

When the criteria of Houweling et al. are used to evaluate
whether influenza vaccination of children should be imple-
mented in the NIP, it is evident that not all criteria are met.
Although currently safe and effective vaccines for children
are available, they have not been tested in children under
the age of 6 months, in which the burden of disease is the
highest. Further, the number needed to vaccinate is
enormous to prevent significant healthcare use and cost.
Importantly, to have a significant benefit on a population
level, high vaccination coverage is needed and therefore
public support is mandatory.

The community can be critical on the subject of
vaccination and discussions via internet and social media
have a major impact. To maintain public support and high
vaccination coverage in the NIP, inclusion of new vaccines
should be based on scientific evidence. Based on the
current-available literature, we conclude that sufficient
evidence for universal influenza vaccination of healthy
children is lacking.
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