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Introduction

Asthma is the most occurring chronic disease in children. Asthma related genes and
environmental factors play a role in the etiology. Nowadays, asthma is regarded as
a chronic inflammatory disease of the airways instead of solely a reversible airway
obstruction. Asthma is often diagnosed on specific symptoms such as chest tight-
ness, wheezing, dyspnea, and coughing. It is likely that, rather than a single disease
entity, asthma consists of related, partially overlapping syndromes. The first symp-
toms often are experienced before the age of 5. Children with the highest risk have
a family history of atopy and/or asthma. Viral infections with symptoms of wheez-
ing acquired in the first year of life may be associated with the risk of developing
asthma later on [1]. However, making the diagnosis with a reasonable certainty that
is supported by spirometry is only possible from the age of 6 onward. More than
50% of children with a period of wheezing earlier on in life are not diagnosed as
having asthma at the age of 6 [2].

The use of rescue and anti-inflammatory medication has largely altered the pros-
pects of asthma patients and has improved their quality of life. Thus, nowadays,
most asthma patients lead a normal life without restrictions. Disease control achieved
by the asthmatics is an important predictor of the likelihood of complications of the
disease [3]. However, asthma exacerbations neither respond to inhaled steroids nor
can they substantially be prevented in this way [4, 5]. Only the use of oral corticos-
teroids seems to be unmistakably effective in case of exacerbations [6, 7].

Children with asthma are believed to be prone to more severe respiratory illness
than healthy children when infected with airway pathogens.

Influenza is the only (lower) respiratory tract infection in humans for which a
vaccine has existed for decades. The guidelines of most Western and developing
countries advise to vaccinate patients with asthma, including children [8].
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So, administering influenza vaccination to children may prevent the development
of asthma and when having asthma may prevent subsequent morbidity, health use,
and complications.

In this contribution, we will address the current state of affairs regarding the
effect of influenza infection in children and the effectiveness of influenza vaccina-
tion in children with asthma.

Influenza: Incidence and Clinical Impact

Viral infections, including influenza, have long been associated with asthma
exacerbations.

The influenza viruses are classified in three genera, labeled A, B, and C. Only
types A and B cause considerable epidemics. Every year influenza viruses change
their genome partially, which is called antigenic drift. Because of different subtypes
and antigenic drift, formerly built-up natural immunity or vaccine-initiated immu-
nity will not provide protection throughout subsequent seasons. Three types of
influenza A viruses are known to infect humans and transmit from human to
human: HIN1, H2N2, and H3N2.

Estimates for the seasonal incidence of influenza vary, depending on the meth-
ods used. To reliably assess influenza, the presence of influenza virus should coin-
cide with symptomatic disease. However, in reports on the impact of influenza
outbreaks, proxy measures are often used, such as isolated serologic incidence
rates, rates of influenza like illness, and complications. Seasonal incidence mea-
sured in that way varies from 0-48% [9]. But for discussing the overall impact of
influenza and protective measures such as vaccination, one should obviously use an
average incidence. The best estimates for an average incidence come from two
prospective long-term open population studies. Reported incidences are 4.6% (chil-
dren aged 0-19 years) respectively 9.5% (children aged 0-5 years) [9-11]. The
overall picture is that in healthy children in the majority of cases influenza can be
characterized as a self-limiting disease.

The mechanism by which influenza causes asthma exacerbations is not yet
known precisely. Postulations vary from direct infection to indirect induction of
inflammatory responses [12]. Influenza primarily infects the lower respiratory tract, but
also causes systemic symptoms (fever and malaise) and upper respiratory tract
(URT) symptoms. Studies in asthmatic children report varying incidences, suggest-
ing that between 30 and 80% of exacerbations are due to a virus [13—15]. Viruses
found are rhinovirus, coronavirus, respiratory syncytial virus (RSV), influenza
virus, and an assortment of other viruses. Rhinovirus is most frequently associated
with exacerbations of asthma.

We found three studies that assessed the incidence of influenza-related respira-
tory illness in asthmatic children while confirming the presence of influenza by
culture. This “hard” incidence was found to be 11.5% for both influenza A and B in
48 unvaccinated children (aged 2-14 years) under the surveillance of an asthma
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clinic in Japan [16]. Three children (6%) were hospitalized for pneumonia. In
another, community-based, study 18% of schoolchildren (aged 9-11 years) had
influenza-related asthma exacerbations but no serious complications occurred [14].
Asthma exacerbations as well as episodes of URT symptoms lasted for about 7 days
and did not differ between viruses detected. In the placebo arm of a trial in asthmatic
children over two seasons, the incidence of laboratory-confirmed influenza-related
asthma exacerbations was found to be 5%, again no serious complications occurred
[17]. Influenza-related URT episodes lasted 8 days whereas influenza-related asthma
exacerbations lasted 11 days. Incidences in children with asthma as reported here are
between 5 and 18%. Although the one small study, with children under the surveil-
lance of an asthma clinic, found a hospitalization rate of 6%, no complications were
found in the above mentioned community-based study on asthmatic children not in
the placebo arm of the study that recruited patients in general practice.

Of all viral induced exacerbations, influenza accounted for 3.6% respectively
2% of lower respiratory tract (asthma) episodes [14, 15]. In conclusion, the inci-
dence of influenza-related asthma exacerbations in children and its complications
have not been extensively investigated.

However, an observational study in children of 1-14 years over several seasons
did not find excess morbidity diagnosed as asthma exacerbations [18].

The consequences of influenza infection in asthmatic children can be a rise in
morbidity (e.g., exacerbations), more physician visits, the use of medication and
hospitalizations or death. As some of these consequences are rare, data are only
available from large observational studies [19]. Furthermore, quality of life may
also be affected [15]. Because influenza can cause all kinds of illness in children,
whether healthy or not, only part of the consequences of infection will be associ-
ated with asthma.

Availability and Immunogenicity of Vaccines

Two main types of influenza vaccine are available for the prevention of influenza:
the trivalent inactivated vaccine (TIV) for parenteral use and the trivalent cold
adapted live attenuated vaccine (CAIV) for intranasal administration. Both vaccines
are highly immunogenic and induce adequate immune response with a high level of
seroprotection. Inactivated vaccine has been licensed for children with asthma, while
cold adapted vaccine has not yet been licensed for asthmatic patients.

Unlike vaccination, natural infections with influenza provide an immune
response on several levels, i.e., secretory antibodies (IgA) present at the mucosal
surface, serum antibodies (IgG) and stimulate T-cells directed at the influenza
virus. Immune resistance is a lifelong one against the specific strain and provides
partial protection against antigenic drifts. Inactivated vaccine only produces serum
protection while live attenuated vaccine mimics natural infection better by also
providing mucosal antibodies. There is limited evidence that live attenuated vaccines
also give some protection against antigenic drifts of the influenza virus [20].
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Although efforts are being made to develop an influenza vaccine with a broader
spectrum and long-lasting immune response, research has only recently started, and
success is not guaranteed [21].

Adverse Effects of Influenza Vaccination

Safety and tolerability of inactivated vaccine in children with asthma, especially
regarding exacerbations of asthma, are nowadays well established [22-24]. Cold
adapted live attenuated vaccine also is generally well tolerated in children and ado-
lescents with asthma [25, 26]; nevertheless, an increased risk of asthma/reactive
airway disease in children younger than 36 months of age is of potential concern
[27]. Even egg allergy should no longer be an absolute contraindication for influ-
enza vaccination [28].

Effectiveness

The effect of inactivated influenza vaccination in preventing clinical symptoms is a
much-debated item [29]. Over the past years, live attenuated vaccines have been
developed, tested, and used for intranasal administration. The less invasive route, of
course, is a benefit in administering the vaccine. Besides, there is hope that the
induced mucosal IgA immune response will provide a better protection against
infection. In a large multicenter trial, a direct comparison between intramuscular
inactivated and intranasal live attenuated vaccine in children with asthma [26] was
made in which the live attenuated vaccine was 53% more efficacious in preventing
influenza infection. However, as the authors correctly state, because there was no
placebo group, the absolute efficacy cannot be calculated. A systematic review
indicates that vaccines can have an efficacy of 65% for TIV and 79% for CAIV in
reducing serologically confirmed cases of influenza in healthy children, i.e., by
comparing pre and postseason antibody titers. However, when using symptom-
based outcomes, i.e., influenza-related disease, the vaccines showed an efficacy of
only 28% for inactivated and 38% for live attenuated vaccine [30]. Moreover, in
case of a mismatch between the vaccine composition and the natural virus, efficacy
probably will be much lower or absent.

In asthmatics, few studies shed light on the clinical effect of inactivated influ-
enza vaccine (Table 1). Observational studies report varying and sometimes even
contradictory outcomes. In a retrospective cohort study, effectiveness was only
reached for severe asthmatics in a separate analysis, whereas analysis of the whole
group revealed an increase of asthma exacerbations [31]. In another study, effec-
tiveness on physician diagnosed acute respiratory disease episodes including otitis
media was only significant in asthmatic children under 6 years of age and no effec-
tiveness was found on any children [32]. A third retrospective cohort study showed



615

Influenza Vaccination in Asthmatic Children

WEDLIUSIS JON =SNe

«(SN) €7°0 4O

D 10 a1mno
AQ POULITJUOD BZUIN[JUI‘SNIOM
aAnIsod ezuonyjur ur duIAseq

oj1f Jo Ayienb 1002-000T i paredwod oy jo Lipenb [eL1) Pa[[ONUOD
91} U0 $159JJ3 10UNSIPp SWOT 000C-6661 Ut 22URISJJIp Jueodut [ewIuIA paziuopuey 819 [cr]
«(SN) ¥T'T 40 ADd 10 2MNO Aq PIWILJUOD
1002—000T BZUSN[JUISUOT)EQIOOLXD [e11) PI[[ONU0D
0002-6661 BUILSE M USIPIIYD paziuiopuey| 81-9  [gT L1l
(SN 6°1 suoneziesdsoy JO
0°C $MsIA a9 O euyse
6'C SUSIA OWUID YO Joy suonezifendsoy ‘sisia (qH)
L661-9661 uauntedop AouaSIowo ‘s)ISIA OMUID) 10Y0d dANdsonay 710 43
SR (0] BIPAW SN0 ‘SUONBQIIORXD
L6619661  BUWISE ‘SHI[ONJOUOI] ‘SHIYOUOIq
199139 JuedJIUIIS 9661-S661 ‘eruownaud ‘ssaupyr oIy
OU PIMOYS UIP[IYD [[B $INSAY s1eak 9—| sisAreue dnoi3qng ezuanfjur Juiodpue pauIquio) 1oYod dAnddsonay -1 [1€]
§9°0 9661—S661
65°0 S661-17661
SUOSE3S J[e Ul suoneqiaoexs «(SND 8L°0 ¥661-€661 [endsoy
UT 9SBAIOUT JUBDIJTUTIS ATUO SOTJRWITISE QIIAS 10 Juounredap AouaSrowe ur
dnoi3 ourooea [£10) SINSAY  SINSI ONEI d)el QOUSPIOUI PSPy Palen[eAd SUOIBGIOJEX? BWYISY 1I0Y0d aandadsonay -1 [og]
dnoi3 ourooea ur om) pue
[onuod ut suonezifeydsoy
QoI ‘puUNoJ syoe)e
ruIyjse Jo Aouanbaiy 10 617°0 €661-2661 AIM[Nd AQ pOULIIJUOD [eL1) [eOIUI[d
KILI9AQS ) UT SOIUIRIJIP ON SSOUAAIIOAYJ QUIOIBA ezuan[jur‘saposids a[1qo PAZIWOPULI-UON 1T [o1]
SONLIBI[NO9] oqaoerd QWOJINO UIRIA adKy Apmg sIeok ponry
JUIOOBA S}NSAI A pUE (S)UOSEIS ur o8y
UQIP[IYO ONBWYISE Ul QUIOJBA BZUINYUI POJBATIORUI JO SSOUIAIIOAJJQ [BOIUI[D) T J[qeL



616 H.J. Bueving and J.C. van der Wouden

that children in the vaccine group unexpectedly had a significantly increased risk
of asthma related clinic visits and ED visits [33].

Although in one small prospective non-randomized study in a tertiary asthma
clinic center a positive effect was found on febrile episodes, clinical efficacy for
asthmatics has not been established yet at the highest level of evidence [23]. For
asthmatic children in a prospective randomized controlled study, no positive clini-
cal effect of vaccination on asthma exacerbations was found [17]. However, a dis-
tinct effect on the quality of life in influenza-related episodes in asthmatic children
was reported [15].

In conclusion, of the few studies in this area, most show a suboptimal design,
and uncertainty remains about the degree of protection vaccination offers against
influenza-related symptoms such as asthma exacerbations.

Vaccine Uptake in Children with Asthma

According to most national and international guidelines, people with moderate or
severe asthma should be vaccinated [8]. However, definitions of asthma vary
because of differences in the standardization of severity subcategories and because
of differences in the views of physicians and patients on the severity of the disease.
Besides, asthma in individual patients varies in degree of severity over the years, so
when asthma patients have been vaccinated once, it does not mean that they will
always need to be vaccinated. Asthma is a disease with an increasing incidence and
is, both in absolute and relative numbers, one of the major disease categories to
receive influenza vaccination, especially in children [34]. Despite the proven
absence of serious side effects, vaccination uptake in asthmatic children, though
differing worldwide, is far from optimal [35, 36]. Fear that vaccination causes ill-
ness and doubts about the benefits and effectiveness of influenza vaccination, are
still, despite of vast opposite evidence, important reasons for patients and physi-
cians to refrain from vaccination [37].

Cost Effectiveness of Influenza Vaccination

When determining cost effectiveness of influenza vaccination, several seasons
should be considered and included in the analysis of cost-effectiveness. However,
an overall incidence of influenza-related illness between 4.6 and 9.5% in children
[9-11] as found before or 5% [17] or even 18% [14] as found in asthmatic children
is a difficult starting point. Using these figures, disregarding clinical relevance and
assuming protective effectiveness of vaccination to be 100%, 22 children (0-19
years), 11 children (0-5 years),or 20 children (6—18 years) respectively six children
(9-11 years) with asthma would have to be vaccinated in order to prevent influenza-
related illness in one child. Because the effectiveness of influenza vaccination is of
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course lower than 100% and clinical relevance has to be taken into account, the
numbers needed to treat will be higher than calculated here. For instance, in healthy
subjects, a clinical effectiveness of the vaccine of just 28% for TIV and 38% for
CAIV was found [30]. When extrapolating, this fact alone at least triples the above
mentioned numbers needed to treat.

In asthmatics, there is no evidence about the degree of protection vaccination
provides against influenza-related asthma exacerbations [23]. When assuming a 5%
incidence and taking into account the upper boundary of the confidence interval in
this study, a maximum protection rate of 34% can be derived [17]. Thus, vaccinat-
ing 59 children with asthma could prevent only one influenza-related asthma
exacerbation.

Conclusion

Although intuitively the best option for preventing influenza and subsequent clini-
cal deterioration in children with asthma seems to be vaccination, no unequivocal
evidence for its effectiveness is present. CAIV could prove to be a better alternative
than the current TIV, when it is released for asthmatic children.

Although from a pathophysiological point of view influenza is believed to be a
threat for asthmatic children, very few data are available about this subject. Future
research should first of all focus on a long-term observational research, spanning
multiple seasons, to determine the real impact of influenza in children with (and
without) asthma. Regarding vaccination, CAIV seems to be an improvement,
although it still has to be delivered yearly, a huge logistic operation. Future research
into influenza vaccination will understandably be focussed on broad-spectrum and
long-lasting vaccines. If this goal is ever reached, it will make preventing influenza
infections much easier.
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