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Abstract  Influenza sentinel surveillance provides valuable information to help plan resources and preparedness. Study 
aim was to determine which age group could give timely prediction on onset of seasonal epidemic activity. Methods: Study 
period comprised influenza epidemic seasons 2006-2009. Incidence rates (IR) of influenza like illness (ILI), for 2 and 3 
weeks prior to onset of epidemic activity by age group and peak epidemic activity weeks for general population were cal-
culated. Rate Ratios (RR) between influenza virus positive samples (IV+) and ILI, between 2 and 3 weeks prior to epidemic 
ILI activity by age group and for peak activity period (PA) were obtained. Differences in rate proportions and their 95% 
confidence intervals were assessed by statistic z. Results: The highest RR between IV+ and ILI rates corresponded to 0-4y 
(0.34; 95% CI: 0.28-0.41), and lowest (0.26; 95%CI: 0.23- 0.30) to 15-64y. Considering two and three weeks prior to epi-
demic activity onset related to overall population IRs during PA period, the only RR above 1 corresponded to 0-4y (1.38; 
95%CI: 1.08,1.75)for two weeks and (1.29; 95%CI:1.04,1.6) for three weeks. Conclusion: High correspondence between ILI 
and IV+ was observed in 0-4y prior to other age groups; in this age group rates of ILI during two and three consecutive weeks 
prior to increase above threshold activity can be used to predict the onset of peak epidemic activity in a timely manner. 
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1. Introduction 
Seasonal influenza epidemics are major public health 

concern causing tens of millions of respiratory disease and 
hundreds of thousands deaths worldwide. In addition emer-
gence of new influenza strain demonstrating hu-
man-to-human transmission and against which there is no 
previous immunity resulting in a pandemic, stresses out the 
importance of early detection of disease activity. When this 
early detection can be followed by a rapid response, impact 
of both seasonal and pandemic influenza can be reduced. 
Influenza in children in well recognized as a yearly burden, 
with severe symptoms and complications responsible for 
hospitalizations in young children and at risk groups. Clini-
cal diagnosis, similar to adults in children over 4 y, is much 
less feasible in young infants due to overlap of symptoms 
with other respiratory or gastrointestinal viral epidemics[1]. 
Confirmation of clinical diagnosis by means of laboratory 
techniques is of utmost importance especially in children 
because of the more atypical presentation features in this age 
group in comparison to adult population[2] and because the 
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greater overall attack rate in children even in mild or mod-
erate influenza activity seasons[3]. 

Influenza like illness (ILI) surveillance in Catalonia, with 
more than 20 years of experience in influenza sentinel sur-
veillance, provides clinical and viral information on influ-
enza activity and enables identification of circulating strains. 

The emergence of a novel strain of influenza virus A 
(H1N1) in April 2009 focused attention on influenza sur-
veillance capabilities worldwide. In consultations before the 
2009 outbreak of influenza subtype H1N1, the World Health 
Organization had concluded that the world was unprepared 
to respond to an influenza pandemic, due in part to inade-
quate global surveillance and response capacity. Sentinel 
surveillance systems could enhance the quality of influenza 
epidemiologic and laboratory data and strengthen a country's 
capacity for seasonal, novel, and pandemic influenza detec-
tion and prevention[4]. 

Vaccine for influenza is known to have different efficacy 
and effectiveness as to reduction of transmission for different 
age groups[5,6]. Several studies on influenza mortality 
among elderly during time periods when schoolchildren 
were and were not vaccinated suggests that the infected 
children pose a risk to others including the elderly[7,8]. 

This study aimed to determine which age group can give a 
more timely prediction of the onset of peak epidemic activity 
during the first weeks prior to the onset of seasonal influenza 
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and allow for adequate healthcare facility preparedness to 
cope with high disease burden as well as setting priority for 
vaccination policies by targeting not only age groups that are 
most vulnerable, but also those with the highest infection 
rate. 

2. Methods 
The Influenza surveillance network of Catalonia (PID-

IRAC) compiles clinical and virological surveillance during 
seasonal influenza activity. Study period was taken from 
week 45 to 15 of three epidemic influenza surveillance 
seasons (2006-07, 2007-08 and 2008-09). ILI is defined as 
acute respiratory tract infection presenting with sudden onset 
of symptoms AND at least one of the following four sys-
temic symptoms: fever or feverishness, malaise, headache, 
myalgia; AND at least one of the following three respiratory 
symptoms: cough, sore throat, and shortness of breath[9]. 
Threshold incidence rates for epidemic influenza activity are 
defined for each influenza season, using the mean incidence 
rates from preceding seasons. We defined as “peak epidemic 
activity” period the interval of weeks with an incidence rate 
for influenza like illness exceeding the threshold for that 
influenza season. Data was compiled through weekly influ-
enza virus identification in nasal-pharynx and throat sys-
tematic sampling (2 first ILI consultations per week per 
physician), and incidence of ILI consultation reporting by 
the sentinel surveillance network (27 general practitioners 
and 29 pediatricians). Each sentinel physician has assigned a 
number of patients distributed into four age groups 0-4, 5-14, 
15-64 and older than 64 years, covering about 1% of the 
population throughout Catalonia. Population surveyed each 
week, calculated according to sentinel physicians’ weekly 
reporting activity, was used in the calculation of ILI IR. 
Virology assessment was carried out on swabs placed into 
modified Hanks transport media at the Microbiology De-
partment of Hospital Clínic of Barcelona. Viral identification 
included Influenza virus A (IVA), B (IVB) and C (IVC) as 
well as other respiratory tract viruses (adenovirus, respira-
tory syncytial virus, rhinovirus, human parainfluenza 1,2,3,4 
viruses, human coronavirus, enterovirus and human metap-
neumovirus). Techniques used were indirect immunofluo-
rescent monoclonal antibody antigen detection (IFI), virus 
isolation in cell culture and isolate identification by means of 

inverse transcriptase polymerase chain reaction (RT-PCR). 
Incidence rates of influenza like illness (ILI), positive in-

fluenza virus (IV+) and ILI for two and three weeks prior of 
onset epidemic activity by age group as well as peak epi-
demic activity weeks for general population were calculated. 
Rate Ratios (RR) between IV+ and ILI and between 2 and 3 
weeks prior to epidemic ILI activity (2&3) for each age 
group and for PA were obtained. The 95% confidence in-
tervals (CI) were calculated assuming a Poisson distribution. 
Differences in rate proportions and their 95% confidence 
intervals were assessed by statistic z and Mantel Hanzel’s 
Woolf test. The level of statistical significance was estab-
lished at α=0.05. 

3. Results 
During the three epidemic seasons included in the study, a 

total of 2085 samples were collected from the sentinel in-
fluenza surveillance network clinicians. The age distribution 
of these samples were 30.6% from age group 0-4 y; 25,0% 
from the 5-14 y. group; 40,0% from the 15-64 y group and 
4,5% from the >64 y group. The overall positivity rate for 
influenza virus (A and B) was significantly higher in the 5-14 
y than in the other age groups (p<0.001). No differences in 
proportions of samples and of positivity were observed 
between the three epidemic seasons studied. 

Influenza like illness incidence rates for the study period 
were higher for the 0-4 y age group (p<0,001) (Figure 1). 
The highest rate ratio (RR) between IV+ rates and ILI rates 
corresponded to 0-4y (0.34;95%CI:0.28-0.41), and the 
lowest (0.26;95%CI: 0.23-0.30) to 15-64y (Table 1). 

When considering two and three weeks before onset of 
overall epidemic activity of ILI sentinel reported cases 
related to overall sentinel population ILI IR during peak 
activity weeks, the only RR above 1 corresponded to 0-4 y 
(1.38;95%CI:1.08-1.75;p=0.018 and 1,29;95%CI: 1.04-1.6; 
p=0.02) respectively. 

The lowest corresponded to +64y (0.06;95%CI:0.02-0.17 
and 0.09;95%CI:0.04-0.18) respectively (Table 2).  

The same occurs for the rate ratio of sentinel IV+ inci-
dence rates related to overall population IR during peak 
activity weeks where the only RR above 1 corresponded to 
0-4 y (2.61; 95%CI: 1.83,3.72 ;p<0.001) and (1,95; 
95%CI:1.39,2.72 ;p=0.001) respectively. (Table 3) 

Table 1.  Rate ratio between Influenza virus positive ( IV+) and ILI reported incidence rates during three epidemic seasons studied, by age group and overall 
population 

*p <0.0001 

Season 
Rate ratio IV+/ILI 

Age group0-4 
Rate ratio IV+/ILI 

Age group 5-14 
Rate ratio IV+/ILI 
Age group 15-64 

Rate ratio IV+/ILI 
Age group >64 

Rate ratio IV+/ILI 
Overall 

2006-07 0,45 (0,33-0,61) 0,28 (0,20-0,38) 0,22 (0,17-0,29) 0,44 (0,13-1,44) 0,29 (0,24-0,34) 
2007-08 0,30 (0,21-0,43) 0,27 (0,20-0,38) 0,28 (0,21-0,37) 0,10 (0,01-0,78) 0,28 (0,23-0,33) 
2008-09 0,30 (0,22-0,39) 0,29 (0,23-0,37) 0,29 (0,23-0,36) 0,40 (0,20-0,78) 0,30 (0,26-0,34) 
Overall 0,34 (0,28-0,41)* 0,28 (0,24-0,33) 0,26 (0,23-0,30) 0,28 (0,17-0,46) 0,29 (0,26-0,32) 
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Table 2.  Ratio between incidence rates of ILI during 2 (A) and 3(B) weeks prior to onset of epidemic activity by age groups and overall ILI incidence rates 
reported during the peak epidemic weeks . Influenza surveillance sentinel network of Catalonia (PIDIRAC) 

A Age group 0-4 Age group 5-14 Age group 15-64 Age group >64 Overall 
Season Ratio IR-ILI 2 week-prior/overall IR -ILI in peak activity weeks 
2006-07 0.67 (0.35-1.31) 0.66 (0.41-1.06) 0.20 (0.14-0.31) 0.04 (0.01-0.29) 0.28 (0.21-0.38) 
2007-08 1.47 (0.97-2.24) 0.57 (0.35-0.94) 0.42 (0.30-0.60) 0.00 0.52 (0.40-0.66) 
2008-09 1.74 (1.25-2.43) 1.02 (0.73-1.42) 0.43 (0.31-0.60) 0.15 (0.05-0.46) 0.69 (0.56-0.86) 

Overall 1.38(1.08-1.75)* 
*p=0.018 0.77(0.61-0.98) 0.34 (0.28-0.42) 0.06 (0.02-0.17) 0.49 (0.43-0.57) 

B Ratio IR-ILI 3 week-prior/overall IR -ILI in peak activity weeks 
2006-07 0.81(0.48-1.35) 0.53(0.350.82) 0.29(0.22-0.39) 0.03(0.01-0.20) 0.32(0.26-0.41) 
2007-08 1.26 (0.86-1.85) 0.84(0.59-1.20) 0.35(0.25-0.48) 0.04(0.01-0.28) 0.49(0.39-0.62) 
2008-09 1.64 (1.22-2.21) 0.96(0.72-1.29) 0.57 0.45-0.73) 0.24(0.11-0.50) 0.75(0.62-0.90) 

Overall 1.30(1.05-1.60)** 
**p=0.020 0.79(0.65-0.96) 0.39 (0.33-0.46) 0.09 (0.04-0.18) 0.52 (0.46-0.58) 

Table 3.  Ratio between incidence rates of IV+ samples during the 2(A) and 3 (B) weeks prior to the onset of epidemic activity by age groups and the overall 
population IV + sample incidence rates during the peak epidemic weeks. Influenza surveillance sentinel network of Catalonia (PIDIRAC) 

A Age group 0-4 Age group 5-14 Age group 15-64 Age group >64 Overall 
Season Ratio IR-IV + 2 week-prior/overall IR -IV + in peak activity weeks 
2006-07 5.15 (3.02-8.42) 1.20 (0.64-2.28) 0.60 (0.37-0.97) 0.14(0.02-1.08) 0.97 (0.68-1.37) 
2007-08 1.30 (0.43-3.31) 0.61 (0.22-1.68) 0.32 (0.15-0.71) 0.23(0.01-1.33) 0.44 (0.25-0.76) 
2008-09 1.40 (0.67-2.84) 0.99 (0.51-1.90) 0.45 (0.24-0.83) 0.36 (0.09-1.46) 0.67 (0.44-1.01) 

Overall 2.61 (1.83-3.72) 
**p<0.001 

 

1.56 (1.12-2.19) 0.60 (0.44-0.81) 0.18 (0.03-0.57) 0.73 (0.58-0.92) 

B Ratio IR-IV + 3 week-prior/overall IR -IV + in peak activity weeks 
2006-07 4.01 (2.50-6.39) 0.88(0.47-1.65) 0.52(0.33-0.80) 0.10 (0.01-0.74) 0.75(0.54-1.05) 
2007-08 1.14 (0.53- 2.48) 0.45 (0.18-1.12) 0.34 (0.18- 0.63) 0.14 (0.02- 1.02) 0.40 (0.25-0.64) 
2008-09 1.23 (0.65-2.29) 1.04 (0.61-1.78) 0.59 (0.38-0.93) 0.36 (0.11-1.13 0.74 (0.53-1.04) 

Overall 1.95 ( 1.39-2.72)** 
**p=0.001 0.82 ( 0.57-1.19) 0.49 (0.37-0.65) 0.12 (0.04-0.37) 0.65 ( 0.53-0.80) 

 

Mean incidence ILI rates from 2-3 weeks before onset of 
peak epidemic activity, mean threshold for overall popula-
tion set at ILI incidence rates above 90/100,000 persons are 
significantly higher in the 0-4 y age group (163.5/100,000 
persons) than in the other age groups (p=0.001). Figure 1 

 
Figure 1.  Mean ILI incidence rate for 3 epidemic influenza seasons, by 
age group and overall ILI incidence rate for the 2-3 weeks period before 
onset of epidemic activity. Sentinel influenza surveillance network of 
Catalonia (PIDIRAC) 

4. Discussion 
Sentinel surveillance networks have proven to be an ef-

fective tool for detection of influenza activity, yet im-
provement of this tool could be fostered by determining 
target indicator groups. Other activity detection methods 

have been set forth, such as monitoring health seeking be-
havior in the form of queries to online search engines, which 
are submitted daily by my millions of users around the 
world[10]. 

The fact that overall positivity rate for influenza virus (A 
and B) was significantly higher in the 5-14 y. than in the 
other age groups (p<0.001) has also been observed by other 
authors[11]. Furthermore, several studies have also stated the 
fact school and pre-school children have an indirect role in 
anticipating the risk to others and reducing cumulative 
number of cases[12,13]. 

Our data show that the information provided by the in-
fluenza sentinel surveillance network focused on different 
age group distribution of consultations and sampling can 
give valuable information to predict onset of peak epidemic 
activity in the community. Thus ILI reported and laboratory 
confirmed incidence has proven to be a suitable indicator to 
predict onset of influenza peak epidemic activity only when 
pediatric population is included in the surveillance system; 
hence the system fails to detect the beginning of the epidemic 
when only adult population is considered. This fact high-
lights the relevance of including pediatricians into influenza 
sentinel surveillance networks. The use of age specific 
thresholds for influenza incidence rates can be useful in the 
timeliness prediction and has a high early warning poten-
tial[14]. Despite the availability of influenza vaccine, in-
fluenza and the diseases associated with it continue to be an 
important public health issue. Estimating the number of 
influenza associated cases better reflects the burden of the 
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disease in the population and a means for so doing is through 
the data from sentinel surveillance in the community setting. 
The impact of influenza activity on hospital admissions in 
Spain with an overall vaccine coverage in 2003 of 22% 
shows an excess hospital admissions not only in the >64 y., 
with an average national vaccine coverage of 57-63% in 
2003[15] but also in those under 5 y., encouraging the con-
tinued use and the strengthening of campaigns to increase 
vaccination coverage in these age groups because children 
are a target group to be considered for vaccination in order to 
diminish household and school transmission of influenza 
virus in the epidemic influenza season. 

Sentinel influenza incidence rates of laboratory confirmed 
samples distributed according to age groups highlights the 
timeliness of pediatric to predict the onset of peak seasonal 
epidemic influenza activity and it could also allow for ade-
quate preparedness to deal with the eventual emergence of an 
unusual epidemic or pandemic virus. 

Furthermore, setting priority for vaccination by targeting 
the most susceptible (infants and elderly)[16,17] is key in the 
prevention of high morbidity and mortality due to influenza. 
Although there is no good evidence that influenza vaccine 
reduces mortality due to influenza in the elderly[18], the very 
young and the very old might be better protected by also 
vaccinating those who are more likely to be in contact with 
them thereby reducing the risk of exposure, infection and 
presentation of severe complications due to influenza[19,20] 

5. Conclusions 
In conclusion, it has been stated that immunization of 

certain age groups may also extend indirect protective 
benefit to vulnerable populations[12]. Identifying which age 
group(s) are related to earliest seasonal influenza activity and 
making them eligible for vaccination enhances their indirect 
impact at community level. In conclusion, our results show a 
high correspondence between ILI and IV+ IR observed in 
children 0-4y; in this age group rates of ILI during two and 
three consecutive weeks prior to increase above threshold 
activity can be used to predict the onset of peak epidemic 
activity in a timely manner. 
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