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a  b  s  t  r  a  c  t

Objective:  To  evaluate  the effectiveness  of seasonal  influenza  vaccine  in  preventing  Emergency  Depart-
ment  (ED)  visits  and  hospitalisations  for influenza  like illness  (ILI)  in  children.
Methods:  We conducted  a test negative  case-control  study  during  the  2011–2012  and  2012–2013
influenza  seasons.  Eleven  paediatric  hospital/wards  in seven  Italian  regions  participated  in the  study.
Consecutive  children  visiting  the ED  with  an  ILI, as  diagnosed  by  the  doctor  according  to the  Euro-
pean  Centre  for  Disease  Control  case  definition,  were  eligible  for  the  study.  Data  were  collected  from
trained  pharmacists/physicians  by  interviewing  parents  during  the  ED  visit  (or hospital  admission)  of
their children.  An  influenza  microbiological  test  (RT-PCR)  was  carried  out  in all children.
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Case-control study
Laboratory-confirmed cases

Results:  Seven-hundred  and  four children,  from  6 months  to 16  years of age,  were  enrolled:  262  children
tested  positive  for one  of the  influenza  viruses  (cases)  and  442  tested  negative  (controls).  Cases  were  older
than  controls  (median  age  46  vs.  29 months),  though  with  a  similar  prevalence  of  chronic  conditions.  Only
25  children  (4%)  were  vaccinated  in  the  study  period.  The  overall  age-adjusted  vaccine  effectiveness  (VE)
was  38%  (95%  confidence  interval  −52%  to 75%).  A  higher  VE  was  estimated  for hospitalised  children  (53%;
95%  confidence  interval  −45%  to 85%).
Discussion:  This  study  supports  the effectiveness  of  the  seasonal  influenza  vaccine  in preventing  visits  to
the  EDs  and  hospitalisations  for  ILI in  children,  although  the  estimates  were  not  statistically  significant
and  with  wide  confidence  intervals.  Future  systematic  reviews  of available  data  will  provide  more  robust
evidence  for recommending  influenza  vaccination  in children.

© 2014  The  Authors.  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Seasonal influenza represents an important cause of morbid-
ity and mortality especially for the risk of secondary bacterial
infections, which is higher in children and elderly than in the
general population. The burden of influenza is highest in young chil-
dren under 5 years of age likely due to immunological immaturity
[1–3].

Increasing attack rates during epidemics lead to higher out-
patient visit and hospitalisation rates [3–5]. Influenza-associated
hospitalisation rates are well described in children with underly-
ing chronic conditions; however accumulating evidence showed
that the increased risk also affected otherwise healthy children [4].
Observational data indicated that although children with underly-
ing conditions are at higher risk of death, the majority of paediatric
deaths occur among healthy children [6].

The vaccination against influenza is recognised as an effec-
tive preventive intervention and each country is responsible for
national programs and for defining targeted risk groups. In the
majority of European countries, the influenza vaccine is rec-
ommended for children with underlying medical conditions. UK
authorities announced plans to extend influenza vaccination to
all children aged 2–16 years from 2014 [7]. At present, Finland
is the only European country which has implemented the routine
influenza vaccination of healthy children (6 months to <3 years) [8].

In Italy, the course of influenza epidemics generally extends
between December and April, with a peak in February [9] and
each year the Ministry of Health promotes a vaccination campaign
between mid-October and December. The official recommendation
identifies at risk children as a target group for influenza vaccina-
tion (provided free of charge); only sub-unit, split or virosomal
seasonal vaccine formulations can be administered in children (6
months to 17 years of age) [10,11]. During the seasons 2011–2012
and 2012–2013, the composition of the vaccines varied only for
the B virus strain (B/Wisconsin in 2011–2012, and B/Brisbane in
2012–2013), whereas the A(H1N1) and A(H3N2) antigens were
present in both seasons. The two vaccine strains B/Wisconsin and
B/Brisbane belong to two different lineages, i.e. B-Yamagata and
B-Victoria respectively.

Most of the available evidence on the efficacy and effective-
ness of seasonal influenza vaccine in a paediatric setting is derived
from clinical trials and concerns almost entirely healthy children
[12–15]. Although these studies adopted heterogeneous outcome
definitions (e.g. from clinically defined influenza like-illness (ILI) in
the outpatient setting to laboratory confirmed hospitalisations for
influenza), they found efficacy estimates of around 70%, higher than
those on effectiveness (around 40%). Despite the fact that influenza
vaccination is primarily recommended in children with underly-
ing conditions, insufficient evidence is available in this population.
Moreover, the World Health Organization considers as a target
group for influenza immunisation, children from 6 to 23 months,
even though effectiveness data are scanty [16].

The objective of this national study was to determine the
effectiveness of seasonal influenza vaccination against laboratory-
confirmed influenza cases visiting the Emergency Department
(hospitalised or not) in a large paediatric population over two
consecutive seasons (2011–2012 and 2012–2013) and to provide
evidence for vaccination recommendations in Italy.

2. Methods

In Italy, since 1999 an active surveillance on drug and vaccine
safety in children has been conducted in various paediatric hospi-
tals/wards located throughout the country [17]. Italian paediatric
hospitals/wards can admit children from 0 to 17 years of age. Over-
all, the network includes 11 sites from seven regions representative
of the whole Country, and around 400,000 children visited the
EDs of the participating centres each year. The network organisa-
tion facilitated the prompt set up of the investigation on influenza
vaccine effectiveness during the A/H1N1 pandemic (in 2009) and
in two  following influenza seasons (2011–2012 and 2012–2013).
The results of the A/H1N1 pandemic vaccination campaign were
reported elsewhere [18].

Consecutive children visiting the Emergency Departments (ED)
with an ILI, as diagnosed by the doctor during the ED visit, were
eligible for the study. The ILI case definition for children was
adapted from the European Centre for Disease Control (ECDC) and
used for influenza surveillance in Europe since the pandemic sea-
son [19,20]. In detail, the following definition of ILI was  adopted,
for children >5 years: sudden onset of fever ≥38 ◦C (for at least
24 h), in association with at least one respiratory symptom (cough,
sore throat, coryza), and at least one general symptom (headache,
asthenia, malaise). For children between 6 months and 5 years, in
association with fever >38 ◦C, the following general signs and symp-
toms were considered: inadequate drinking or feeding, vomiting
and/or diarrhoea, respiratory symptoms. All children hospitalised,
or admitted to a Short Stay Unit (up to 24 h observation) were
enrolled, and in some clinical centres also children visiting the ED
but not admitted to hospital were included. Since influenza vaccine
is indicated for children aged >6 months, younger children were not
eligible.

Written informed consent was  acquired from parents. Data were
collected by trained pharmacists/physicians by interviewing par-
ents during the ED visit (or hospital admission) of their children.
Demographic data, medical history of chronic conditions, date of
vaccination and type of vaccine were collected using a structured
questionnaire. For the assessment of influenza vaccine effective-
ness, children were defined as vaccinated if they had received at
least one dose more than 14 days before symptom onset.

An influenza-confirmatory laboratory test was carried out in all
children. The virus was  detected through nasopharyngeal sample
collection; stable viral transport medium was added to swabs. Spec-
imens were collected and analysed by using a real-time reverse
transcriptase-polymerase chain reaction (RT-PCR). In six centres
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