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Decisions regarding the introduction of influenza immunization in healthy children require an accurate evaluation of influenza disease
urden not only in the inpatient but also in the outpatient setting. We prospectively examined the impact of virologically confirmed influenza
n 1462 outpatient children (≥6 months to <14 years) and their families, during two consecutive influenza seasons. Influenza was documented in
73/1462 (39%) outpatients with febrile respiratory illness and accounted for 13.5% of all outpatient visits during the 14 weeks of each season.
cute otitis media (AOM) was the most common complication (18.5%) and about 40% of influenza positive patients received antibiotics.
OM and antibiotic use were more common in children younger than 5 years of age who accounted for 58% of all patients. For each child sick
ith influenza a mean of 1.34 workdays were lost by the parents. Family members of influenza positive children were more likely to develop a

econdary respiratory illness and to require medical visits and antibiotic prescriptions. Influenza is associated with a heavy morbidity burden
n the community that may be reduced considerably with the implementation of immunization in children younger than 5 years of age.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

Influenza infection was initially thought to cause consid-
rable morbidity and mortality mainly in the elderly and
n certain patients who belong to high-risk groups. Early
tudies of influenza epidemics showed excess hospitaliza-
ion rates among young children without high-risk conditions
omparable to admission rates for influenza among high-risk
roups [1,2]. However, the interpretation of these findings
as been confounded by the lack of virological confirmation
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and the co-circulation of respiratory viruses, which may be
a common cause of serious respiratory viral illness among
young children. More recent studies, also based on epidemi-
ological surveillance, attempted to separate the effects of
respiratory syncytial viruses and influenza viruses on rates of
hospitalization among children without high-risk conditions
[3,4]. Their findings confirmed that otherwise healthy chil-
dren aged <2 years, and possibly those aged 2–4 years, are at
increased risk for influenza-related hospitalization compared
with older healthy children. Viral culture data provided by a
more recent study, confirmed increased hospitalization rates
in young children [5]. Based on these reports, the Advisory
Committee on Immunization Practices (ACIP) recommended
the introduction of influenza vaccine in the immunization pro-
gram in U.S.A. since 2003 for children ≥6–23 months of age
[6].
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Although the recommendations for influenza immuniza-
tion were based on the increased risk for hospitalization of
young children, recent evidence suggests that influenza also
causes considerable morbidity in children in the community
[3]. It has been estimated that 30–40% of school-aged chil-
dren develop symptomatic infection during each influenza
season and they are the main source for the transmission of
infection to healthy adults and children and to those who
belong to high-risk groups [7–12]. Only a small proportion
of children who develop symptomatic influenza infection are
admitted to the hospital and it is likely that hospital admis-
sions may represent only a small part of the total influenza-
associated morbidity [13,14].

Decisions regarding the introduction of influenza vaccine
in healthy children require an accurate evaluation of influenza
disease burden in the inpatient and outpatient settings as well
as the socioeconomic impact of this infection. The aim of this
prospective study was to evaluate the impact of virologically
confirmed influenza infection in children examined as out-
patients and their families. The complications of influenza in
these patients were also examined.

2. Materials and methods

2.1. Study design
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the main burden of outpatient and inpatient pediatric care in
Athens and Central Greece. During 2004 a total of 94,410
patients visited the emergency room at the “P. and A. Kyri-
akou” Children’s Hospital and of them 47,470 were examined
by the general pediatric service. According to data provided
by the National Statistical Service, the 2002 midyear estimate
of the population in the area of Athens was about 3.9 million
and that of children under 14 years of age 502,815.

2.3. Patient enrollment

Patients were included in the study if they were ≥6
months to <14 years of age and had a febrile respiratory
tract infection (FRI). FRI was defined as the presence of
fever (axillary temperature ≥37.8 ◦C) and at least one of
the following symptoms: cough, rhinitis, sore throat, ear-
ache, wheezing, hoarseness, stridor, shortness of breath or
apnea. Patients were also included if they had fever and find-
ings on physical examination suggestive of upper respiratory
tract infection, viral tonsillitis, acute otitis media (AOM),
sinusitis, croup, bronchiolitis, bronchial asthma, “bronchi-
tis” or pneumonia. A standardized questionnaire was filled
out for each case including demographic data, patient’s his-
tory, symptoms and physical findings, results of laboratory
work up if any, final diagnosis, treatment, complications
and outcome. Data were also collected regarding family
s
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The study was conducted prospectively during two
onsecutive influenza seasons during 2003–2004 and
004–2005. During the first year patients were enrolled at the
utpatient department of the “P. and A. Kyriakou” Children’s
ospital. The following season patients were also recruited

rom seven primary care pediatric practices located in differ-
nt parts of the Athens area. Cases were enrolled two to three
imes a week over a 6-h shift in the emergency room or the
hole day at primary care practices. The influenza season
as defined as the period that included the dates of the first

nd last positive specimen for influenza during surveillance
t the “P. and A. Kyriakou” Children’s Hospital. Surveillance
as conducted in the emergency department and in hospital-

zed patients from 1 December each year and was continued
ntil there were no positive test results for two consecutive
eeks. During patient enrollment each investigator recorded

he total number of patients seeking acute medical care, those
ho fulfilled the criteria for participation in the study, the
umber of patients who were tested and the number of posi-
ive test results.

The hospital’s Ethics Committee approved the study pro-
ocol. Oral informed consent was obtained from the parents
or the participation of children in the study.

.2. Study population

The “P. and A. Kyriakou” Children’s Hospital is one of the
wo largest referral centers for children in the Athens area.
hese two hospitals admit patients on alternate days and carry
ize, number of siblings, exposure to passive smoking, day
are attendance, working status of the parents and antibi-
tic use. Two to three weeks after the initial examination
arents were called and data regarding the course of illness
ere recorded such as duration of symptoms, total num-
er of medical visits, final diagnoses, treatments received,
equirement for hospitalization and duration of school or
ay care absence. At the follow-up telephone interview the
arents were also asked about respiratory illness develop-
ng in other family members, requirement for medical visits,
ntibiotic use by family members, work absenteeism and
dmission to the hospital. A follow-up telephone commu-
ication was attempted for all influenza positive and for half
f the influenza negative patients (those with odd enrollment
umber) examined in the emergency department. All patients
ollowed at primary care practices were contacted for follow-
p.

Patients were excluded from the study if they had chronic
iseases placing them at high risk for influenza infection such
s congenital or other heart disease, chronic respiratory dis-
ase other than bronchial asthma, diabetes mellitus, chronic
enal disease, hemoglobinopathy, malignancy, congenital or
cquired immunodeficiency, treatment with systemic corti-
osteroids or immunosuppressants. Infants and children born
rematurely were excluded if they were born under 36 weeks
f gestation and they were younger than 1 year of age.

The diagnosis of AOM, croup, sinusitis, bronchiolitis and
sthma was based on the judgment of the examining pediatri-
ians. The diagnosis of pneumonia was made if an infiltrate
as found in the chest-X-ray.
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2.4. Diagnosis of influenza

A nasal swab was obtained from each patient and it was
examined for the presence of influenza virus with a rapid
antigen detection test. The QuickVue Influenza Test (Quidel,
San Diego, CA) was used according to the manufacturer’s
instructions.

2.5. Statistical evaluations

Comparisons were made between influenza positive and
negative patients. Influenza positive patients were also strati-
fied and compared according to age (≥6 months to <2 years,
≥2 to <5 years and ≥5 to <14 years), location (emergency
department versus primary care pediatric practice) and year
of enrollment. Categorical variables were compared by the
use of χ2 or two-tailed Fisher’s exact test. Continuous vari-
ables were examined with one-way ANOVA. The level of
significance was fixed at α = 5%. Statistical analysis was car-
ried with the SPSS software, version 11.5 (SPSS, Chicago,
IL, U.S.A.).

3. Results
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Fig. 1. Distribution of influenza cases in children with febrile respiratory
infection examined in the Emergency Department or in Primary Care Prac-
tices during two influenza seasons between 2002 and 2004.

In the first season (2002–2003), 2553 patients sought acute
pediatric care during the observation time when an investi-
gator was present in the outpatient setting and 759 (29.7%)
fulfilled the above criteria for a FRI. Of the latter 608 (80%)
were tested for influenza and 254/608 (41.8%) were posi-
tive. During the second season (2003–2004) a total of 2359
patients sought acute care and of them 946 (40%) had a FRI.
Of the latter 854 (90%) were tested and 319/854 (37.3%) were
positive. The rate of infection was not significantly different
during the two study years (p = 0.088). Influenza infection
accounted for 13.5% of all outpatient visits during the two
seasons studied.

The rate of influenza infection was lower in children less
than 2 years of age (108/341, 31.7%), compared to those
aged ≥2 to <5 years (222/527, 42%) and to those ≥5 years
(240/578, 41.5%) (p = 0.004). Influenza infection was equally
frequent in patients with FRI examined at the emergency
department (483/1210, 40%) or in primary care practices
(90/252, 35.7%) (p = 0.214).

T
C

D 573) Influenza negative (N = 888) p-value

A 55.8 ± 43.6 0.008
M 1.25 0.411
H 162 (18) 0.514
P

S

F
N

V

P
W

.1. Rate of influenza infection

The duration of the influenza season each year was 14
eeks (Fig. 1). During the first year it started on the second
eek of February while in the following year the first cases
ere recorded early in December. A total of 1462 patients
ith FRI were examined during the two influenza seasons

nd 573 (39.2%) were positive. During the peak of the out-
reak which in both years lasted for about 4 weeks over 50%
f patients with FRI tested positive for influenza (Fig. 1).

able 1
haracteristics of patients with and without influenza infection

emographic characteristics Influenza positive (N =

ge, mean ± S.D., months 62 ± 43
ales/females 1.37
istory of asthma 97 (17)a

assive smoking 261 (46)

chool/day care attendance 355 (61.5)
Day care 180 (31.5)
Home care 217 (38)
School 175 (30.5)

amily size, mean ± S.D. 3.68 ± 0.77
umber of siblings, mean ± S.D. 0.69 ± 0.83

accinated against influenza
2002–2003 3/257 (1.2)
2003–2004 32/316 (10)

Fully vaccinated 3/316 (0.9)

revious use of antibiotics 81 (14)
orking mothers 384
a Numbers in parentheses indicate percent.
439 (50) 0.138

482 (55) 0.004
245 (28) 0.116
402 (45) 0.005
237 (27) 0.110

3.73 ± 0.76 0.530
0.73 ± 0.76 0.619

0/352 (0) 0.173
90/536 (16.8) 0.007
32/536 (6) 0.002

178 (20) 0.004
555 0.083
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Fig. 2. Age distribution of influenza positive outpatients.

3.2. Patients’ characteristics

The characteristics of patients with and without influenza
infection are shown in Table 1. Patients with influenza were
older compared to those who were negative. About 60% of
children with influenza were under 5 years of age. The age
distribution of patients with influenza is shown in Fig. 2.
Influenza infection was more common among children who
attended school or day care (Table 1).

3.3. Complications

The complications of influenza diagnosed in outpatients
during their initial evaluation and at follow-up are shown in
Table 2. Acute otitis media was the most common complica-
tion. It was diagnosed in 15% of influenza positive patients at
enrollment and in 18.5% during follow-up (Table 2). Acute
otitis media, bronchiolitis, bronchial asthma and pneumonia
were less common in influenza positive patients.

Analysis of the results by age in influenza positive patients
revealed that AOM was finally diagnosed (at follow-up) more

commonly in children less than 2 years (20/74, 27%) and in
those aged ≥2 to <5 years (35/153, 23%) compared to those
≥5 to <14 years (17/165, 10.3%) (p = 0.001). A significant
difference was also found between the above groups in the
rate of croup, which was also more common in younger chil-
dren (8%, 2% and 0.6%, respectively) (p = 0.002). Analysis
by site of examination showed that bronchial asthma was
more common in private practice (14/90, 15.5%) compared
to patients examined in the hospital’s E.R. (32/483, 6.6%)
(p = 0.004). No other significant differences were found when
data were analyzed by age, year and place of examination.

3.4. Follow-up of patients

Mean duration of symptoms in patients with influenza
was 8.4 days and it was significantly longer compared to
those who tested negative (Table 3). Mean duration of school
absence and absence from the day care center was not sig-
nificantly different between positive and negative patients.
Patients with influenza required a mean of 1.36 medical
visits during their illness. Admission to the hospital was
required for 5.4% of patients with influenza and for 7.7%
of those with other infections (p = 0.165) (Table 3). Antibi-
otics were commonly prescribed to patients with influenza
(18.5%) after their enrollment examination and the main
reason was acute otitis media. At the follow-up telephone
c
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Table 2
Complications in patients with and without influenza

Complication Influenza positive (N = 573) (follow-up, N = 392)

A a

S

C

B

B

P

M

F

plicati
of patie

f

cute otitis media 87 (15)
(18.5)b

inusitis 6 (1)
(2.2)

roup 10 (1.7)
(3)

ronchiolitis 1 (0.2)
(0.3)

ronchial asthma 46 (8)
(10.3)

neumonia 11 (1.7)
(3)

yositis 3 (0.5)
(1)

ebrile seizures 9 (1.6)
(1.5)

a Numbers in parentheses indicate the percentage of patients with this com
b Numbers in parentheses in the second row indicate the total percentage

ollow-up among those who had follow-up.
ommunication it was shown that about 40% of the patients
ith influenza finally received antibiotics sometime during

heir current illness before, during or after the outpatient
isit attended by a study investigator (Table 3). A consid-
rable number of patients also received other treatments.
rescription of antibiotics, bronchodilators, inhaled corti-
osteroids and cough medications was significantly more

Influenza negative (N = 888) (follow-up, N = 452) p-value

180 (20) 0.014
(26.5)

9 (1) 0.950
(1.5)

15 (1.7) 0.936
(1.6)

16 (1.8) 0.005
(2.7)

129 (14.5) <0.001
(18.2)

55 (6.2) <0.001
(8)

2 (0.2) 0.340
(0.2)

10 (1.1) 0.464
(1.3)

on during the initial visit.
nts who had this complication recorded during either the initial visit or at
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Table 3
Follow-up of patients with influenza

Characteristic Influenza positive (N = 392) Influenza negative (N = 452) p-value

Duration of symptoms, mean ± S.D., days 8.4 ± 5.7 7.3 ± 4.44 0.002
School absence, mean ± S.D., days 5.24 ± 5.5 5.92 ± 5.1 0.302
Day care absence, mean ± S.D., days 9.25 ± 8.19 7.57 ± 6.2 0.069
Number of medical visits 1.36 ± 0.96 1.27 ± 0.52 0.078
Admission to the hospital 21 (5.4)a 35 (7.7) 0.165
Antibiotics 153 (39.5) 260 (57.6) <0.0001
Bronchodilators 52 (13.3) 120 (26.5) <0.0001
Inhaled corticosteroids 21 (5.4) 68 (15) <0.0001
Systemic corticosteroids 8 (2) 8 (1.8) 0.773
Cough medications 216 (55.4) 295 (65.3) 0.002
Simple laboratory tests 46 (11.7) 46 (10) 0.469
Chest-X-ray 58 (14.8) 84 (18) 0.142

a Numbers in parentheses indicate percent.

Table 4
Impact of influenza infection on patient’s family

Influenza positive (N = 392) Influenza negative (N = 452) p-value

Missed parental workdaysa 1.34 ± 3.05 1.30 ± 3.13 0.866
For own illness 0.36 ± 1.24 0.33 ± 1.77 0.768

Family members who became illb

Sibling(s) 68/269 (25.3)c 66/325 (20.3) 0.149
Mother 66/392 (16.8) 37/452 (8.2) <0.0001
Father 49/392 (12.5) 34/452 (7.5) 0.015

Total No of family members with RI 183/1053 (17.4) 137/1229(11.1) <0.0001
Families with ≥1 family member illb 133 (34) 93 (20.6) <0.0001
Medical visits by ≥1 family memberb 87 (22.2) 51 (11.3) <0.0001
Antibiotics to ≥1 family memberb 46 (11.7) 31 (6.9) 0.014
Admission of ≥1 family memberb 3 (0.8) 2 (0.4) 0.821

RI, respiratory infection.
a To care for the ill child.
b Family member becoming ill with respiratory illness after the index patient.
c Numbers in parentheses indicate percent.

common in patients who tested negative (Table 3). Anal-
ysis of results by age group showed that antibiotics were
more commonly prescribed to children less than 2 years with
influenza (35/73, 48%) and to those aged ≥2 to <5 years
(66/151, 43.7%), compared to older patients (53/162, 32.7%)
(p = 0.027). Cough medications were less commonly given to
younger children (22/51, 30%) compared to those aged ≥2
to <5 years (69/152, 45.4%) and to older patients (82/164,
50%), (p = 0.017). Bronchodilators, systemic corticosteroids
and cough medications were more commonly prescribed in
private practice (data not shown). None of the 90 influenza
positive patients examined in primary care was admitted to
the hospital compared to 21/302 (6.8%) of the patients exam-
ined in the emergency department.

3.5. Impact of influenza on patients’ families

For every sick patient the parents missed a mean of 1.34
workdays (Table 4). Duration of work absenteeism was the
same for the parents of influenza negative children. Sec-
ondary respiratory infection was more common in family
members of influenza positive children (Table 4). The dif-
ferences were significant for the parents but not for the

siblings. Accordingly, a higher proportion of family mem-
bers of children with influenza required a medical visit and
received antibiotics. The development of respiratory illness
in the mother or the father was more common in patients with
influenza compared to those who tested negative.

Secondary respiratory illness was more common in sib-
lings of influenza positive children who were younger than
5 years (44/141 siblings, 31.2%) compared to those of older
patients (24/128, 18.8%) (p = 0.003).

4. Discussion

The impact of influenza in children and their families
in the community and the burden of this infection on the
health care system were illustrated by this prospective study
in which virological confirmation of the clinical diagnosis
was used. A large number of patients who were examined in
the emergency department or by primary care pediatricians
were enrolled and the study was continued for two influenza
seasons. Although both influenza seasons studied were
relatively mild it was shown that influenza causes a heavy
morbidity burden in children and their families in the
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community each year. The duration of influenza season was
14 weeks and during this period of time influenza accounted
for about 40% of all febrile respiratory infections in children
≥6 months to less than 14 years seeking acute medical
care and for 13.5% of all outpatient pediatric visits. During
the 4 weeks of the peak of the yearly outbreak influenza
accounted for more than 50% of FRIs in both years and for
about 25% of all outpatient visits. These rates were similar
for patients visiting the hospital’s emergency room and for
those examined in primary care practices. In a previous study
based on epidemiological surveillance data it was estimated
that influenza accounted for 24–35% of excess outpatient
visits observed in children less than 3 years of age during
the winter [3]. Even if other viruses co-circulate in the com-
munity during the influenza season it appears that influenza
predominates and is the main cause of respiratory morbidity
in outpatients at least during the 4 weeks of the peak of
the outbreak. Only a small proportion (5%) of influenza
positive patients who sought medical care were hospitalized
and this fact supports the view that the largest part of
influenza-associated morbidity is in the outpatient setting.

The records of our hospital’s clinical microbiology lab-
oratory were reviewed to obtain some information about
the co-circulation of RSV in the community during the two
influenza seasons studied. Although there was an overlap in
the circulation of the two viruses during both seasons the
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[17]. Finally, the yield of positive test results might have been
higher if a nasopharyngeal wash or aspirate was examined
instead of a nasal swab.

Influenza infected patients were older than those who
tested negative and were more likely to attend day care cen-
ter or school. It is of note that about 60% of all patients were
under 5 years of age; therefore, the implementation of immu-
nization with an effective influenza vaccine in children of this
age group may have a considerable impact in the reduction
of influenza-associated morbidity and antibiotic use in the
community.

Acute otitis media was the most common complication
(18.5%) of influenza infection followed by bronchial asthma
(10.3%) in outpatients. The rate of influenza complications
found are comparable to those reported in two recent stud-
ies in outpatients [13,14]. Notably, acute otitis media, but
also bronchiolitis, bronchial asthma and pneumonia were
more common in influenza negative patients indicating that
other pathogens, such as respiratory syncytial viruses and rhi-
noviruses may also play an important role in the development
of these complications and influenza is not the predominant
cause. However, influenza infection accounted for 33% of
all AOM cases, 40% of those with croup, 25% of bronchial
asthma cases and for 17% of those with pneumonia diagnosed
in the outpatient setting during the 14 weeks of influenza sea-
son for two consecutive years. This finding underscores the
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eaks of the influenza and RSV outbreaks were separated
y 4–5 weeks during the first year and by about 7–8 weeks
uring the second (data not shown). It is possible that RSV
ccounted for some of the influenza negative patients, espe-
ially the younger ones.

The true impact of influenza infection may have been
nderestimated in this study. Patients were included if they
ad at least one respiratory symptom and fever. If afebrile
atients with respiratory symptoms were also examined it is
ossible that a larger proportion of overall morbidity could
e attributed to influenza [14]. In addition, a larger num-
er of cases would have been diagnosed if a more sensitive
est were used in place of the rapid antigen detection test. In
ve recent studies, the median sensitivity of the QuickVue
nfluenza Test compared to viral cultures was 79.2% (range
4–95%) and the median specificity 91.9% (range 76–98%)
15]. The sensitivity of polymerase chain reaction methods
PCR) has been found to be even higher compared to viral
ulture [16]. In an ongoing study conducted by our depart-
ent the performance of the rapid test used was compared

o PCR. A total of 191 patients have been examined so far
nd the sensitivity of the test was 61.8%, the specificity 96%,
he positive predictive value 81% and the negative predictive
alue 92.5% (unpublished data). Furthermore, the influenza
irus may not be detected in the nasopharynx by any of these
ethods if several days have elapsed from initiation of symp-

oms and the patient presents with a complication. In a study
n which serology was used in addition to viral culture the
ates of influenza-related illness increased by an average of
5% in different age groups of children under 5 years of age
eavy disease burden associated with influenza in this setting.
he proportion of AOM attributed to influenza infection com-
ares with the 32–36% reduction rate found with the use of
rivalent, inactivated influenza vaccine in day care center chil-
ren [18,19] and with the 30% reduction rate of febrile acute
titis media in children 15–71 months of age [20] immunized
ith the live attenuated influenza vaccine. Most of AOM

ases (76%) and 9/10 of cases with croup among influenza
ositive patients occurred in children under 5 years of age.

Influenza infection was associated with excess and often
nappropriate antibiotic use since about 40% of the patients
eceived antibiotics during their illness. The most common
eason for justified antibiotic administration was acute otitis
edia. Although the proportion of influenza positive patients
ho received antibiotics was lower compared to those who

ested negative, influenza accounted for 37% of all antibiotic
ourses given to outpatients with febrile respiratory infection
uring the period studied. This is in accordance with previous
tudies, which examined the impact of influenza infection in
he use of antibiotics in the outpatient setting [3,13,14]. The
rue rate of antibiotic use might have been even higher since
n this study the results of the rapid antigen detection test
ere available to the examining physicians and may have

nfluenced their decisions [21].
Influenza infection had a considerable impact in patients’

amilies. The secondary infection rate estimated (17%) is in
ccordance with reports from earlier studies [11,22,23] and
as higher compared to influenza negative patients. This find-

ng suggests a higher rate of intrafamilial spread of influenza
ompared to other infections. For each patient with influenza
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a mean of 1.34 days were lost by the parents to care for the
sick child and 0.36 days for their own illness.

In conclusion, the results of this study have shown that
influenza is the main cause of febrile respiratory illness in
children in the community at least during the peak of the
yearly outbreak and it is associated with a heavy morbidity
burden and excess antibiotic use. Only a minor proportion of
children seeking acute care are admitted to the hospital, and
these findings support the view that the largest part of illness
associated with this virus is in the outpatient setting. Influenza
infection also has a substantial impact on the families of sick
children causing illness, medical visits, antibiotic use and
work absenteeism by the parents. Since more than 50% of
vaccine preventable cases and the majority of complications
occur in children under 5 years of age the implementation of
immunization with an effective vaccine in this age group will
greatly reduce the burden of influenza in the community and
in the health care system.
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