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Abstract

Background: The Internet is becoming more commonly used as a tool for disease surveillance. Similarly to pther
surveillance systems and to studies using online data collection, Internet-based surveillance will have biases in
participation, affecting the generalizability of the results. Here we quantify the participation biases of Influerizanet,
an ongoing European-wide network of Internet-based participatory surveillance systems for influenza-like-illness.

Methods: In 2011/2012 Influenzanet launched a standardized common framework for data collection applied to
seven European countries. Influenzanet participants were compared to the general population of the participating
countries to assess the representativeness of the sample in terms of a set of demographic, geographic, sociojeconomic
and health indicators.

Results:More than 30,000 European residents registered to the system in the 2011/2012 season, and a subsat of
25,481 participants were selected for this study. All age classes (10 years brackets) were represented in the gohort,
including under 10 and over 70 years old. The Influenzanet population was not representative of the general population
in terms of age distribution, underregenting the youngest and oldest age classes. The gender imbalance differeq
between countries. A counterbalance between genderfpétdormation-seeking behavior (more prominent in womgn)

and Internet usage (with higher rates in male populations) may be at the origin of this difference. Once adjusted by
demographic indicators, a similar propensity to commute was observed for each country, and the same top thyee
transportation modes were used for six countries out of seven. Smokers were underrepresented in the majority of
countries, as were individuals with diabetes; the representativeness of asthma prevalence and vaccination coyerage for
65+ individuals in two successive seasons (2010/2011 and 2011/2012) varied between countries.

Conclusions:Existing demographic and national datasets allowed the quantification of the participation biases fof a

large cohort for influenza-like-iliness surveillance in the general population. Significant differences were found|between
Influenzanet participants and the general populatidre quantified biases need to be taken into account in the
analysis of Influenzanet epidemiological studies and provide indications on populations groups that should be
targeted in recruitment efforts.
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Background Sweden [19], France [20,21]), leveraging on pre-existing
Monitoring influenza epidemics through surveillance is participatory surveillance activities [5]. In each country,
essential for providing public health recommendations this surveillance system igoordinated by local re-
in areas including vaccines, antiviral susceptibility andsearch and public health teams and Institutions (see
risk assessment [1]. At the national level, general practicehe Additional file 1 for further details).
(GP) sentinel surveillance schemes collate information on Focusing on the 2011/2012 Influenzanet season, we
influenza-like-illness (ILI) of visited patients and, in some analyzed seven national data collection campaigns that
cases, collect respiratory specimens. started in November 2011 and ended in April or May
Alongside these well-established schemes, novel oppor2012, with few exceptions (Additional file 1: Table S1).
tunities for surveillance in the general population have Differences were mainly related to country-specific practical
been opened by the advent of new technologies thaissues (e.g. launch followintdpe Ethical approval in France,
promote the participation of individuals through the or to coincide with public halth events or communications
Internet, creating information in a bottom-up fashion for the upcoming influenza season).
outside of established practices and routines [2]. A par- Influenzanet consists of a website with centralized infor-
ticipatory system was introduced in The Netherlands mation on the network and results from each participating
in 2003 for ILI surveillance in the general population country [4] that links to the national online platforms,
by means of an online platform [3], offering a source of each in the national language and with a country-specific
disease information generated directly by the usersname, but characterized by a common website template.
The system has expanded to other European countriedNational platforms are used to register participants, to
establishing an international participatory surveillance give them access to their account where they can upload
network (Influenzanet). The network has a standardizedinformation, and to publish summary surveillance results
common framework for data collection [4,5], thus over- in real time.
coming possible fragmentations in case definitions and Participation is voluntary and anonymous, and open to
systems design of GP surveillance across countries. all residents of the countries composing the multi-center
To be of value in providing information to guide network (in France, overseas territories and French indi-
health policy, the collected data need to be related toviduals under 18 years old were not considered, the latter
the epidemic situation in the underlying population. In due to regulatory constraints applied to the first season
agreement with recommendations for GP surveillanceonly). Recruitment occurred with the help of press releases
networks [6], here we evaluate the quality of the col-of the supporting institutions, media communications,
lected data by assessing the representativeness of ttepecific advertising events (e.g. schools activities or sci-
participating (i.e. monitored) individuals in the Influen- ence fairs), and through emails and word of mouth.
zanet cohort. The advantage with respect to other sur-More details can be found on the national platforms
veillance schemes (e.g. GPs or other digital approacheld2,14,16,18-20]. In some countries, weekly reports on
of unsupervised nature, such as web search recordinfluenzanet results were also published within the of-
[7,8], online news [9,10], or tweets [11]) is the ability to ficial national surveillance bulletins [22,23].
ask users about themselvesncluding geographic, demo-  For sensitivity analysis, we also performed the same
graphic, mobility, socio-economic and health indicator analyses on the two following influenza seasons, 2012/2013
questions; this information can be compared with national and 2013/2014.
statistics. The aim is to identify possible biases to be taken
into account for epidemiological analyses. Furthermore,Privacy and ethical approval
the comparison of representativeness results across counthis study was conducted in agreement with country-
tries may guide informed strategies to improve coveragespecific regulations on privacy and data collection and
and participation of underrepresented population groups treatment. Informed consent was obtained from all par-

in the following seasons. ticipants enabling the collection, storage, and treatment

of data, and their publication in anonymized, processed,
Methods and aggregated forms for scientific purposes. In addition,
Study design approvals by Ethical Review Boards or Committees were

Influenzanet is a European multicenter network [4] for obtained, where needed acating to country-specific
ILI surveillance in the general population through online regulations. In The United Kingdom, the Flusurvey
systems. Starting the 2011/2012 season, Influenzanettudy was approved by the London School of Hygiene
was launched with a uniform and standardized data col-and Tropical Medicine Ethics Committee (Application
lection approach in seven European countries (Thenumber 5530). In Sweden, the Influensakoll study was
Netherlands [3,12], Belgium (Flemish region only) [12,13],approved by the Stockholm Regional Ethical Review
Portugal [14,15], Italy [16], United Kingdom (UK) [17,18], Board (Dnr. 2011/387-31/4). In France, the Grippenet.
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fr study was approved by the Comité consultatif sur le A schematic representation of the Influenzanet data
traitement de linformation en matiére de recherche collection is shown in Figure 1.
(CCTIRS, Advisory committee on information processing
for research, authorization 11.565) and by the Commissioninclusion criteria
Nationale de Informatique et des Libertés (CNIL, French All intake questionnaires filled in between the start date
Data Protection Authority, authorization DR-2012-024). In and the closure date of the data collection campaign for
Portugal, the Gripenet project was approved by thethe 2011/2012 season were considered in the analysis.
National Data Protection Committee and also by the Following previous work [13,15,21,24], we included in
Ethics Committee of the Instituto Gulbenkian de Ciéncia. our sample only active participants (defined as those who
completed an intake survey and at least three weekly
Data collection symptoms surveys, to avoid results being skewed by spor-
To join the network, users registered on their national adic participation). We will refer to these as Influenzanet
platform. Upon registration, the user was asked toactive participants or Influenzanet participants. We tested
complete an intake survey, covering demographic fac-different inclusion criteria and performed a sensitivity
tors (age, gender), geogrhje factors (location of home analysis with the stricter inclusion criterion that each
and work/school expressed at the municipality or participant filled in at least one weekly symptoms survey
zipcode level), socio-economic factors (household sizeper calendar month.
and composition, occupation, educational level, daily Users who did not specify age/gender details were
transportation means), and health-related factors (in- additionally removed from the sample, as demographic
cluding vaccination status against influenza in the biases could not be assessed nor accounted for in a sample
2011/2012 and previous season, diet, pregnancy statusyeighting procedure.
smoking habits, and medical conditions associated with
higher risk of influenza complications). The intake survey Census and health data sources
was standardized and translated whilst preserving theWe collected national data from a number of socio-
same type and content of questions and possible answerslemographic datasets and health datasets for all partici-
as well as the same order of questions within the surveypating countries. In absence of data for the years 2011
and accounting for the differences related to specificor 2012, we relied on the most recent available sources.
national standards (e.g. schooling structure and associ- Demographic and geographic data were taken from
ated age/degrees). A few diional questions were the European Commission portal for European Statistics
added by some platforms due to differences in national[25] and from national institutes of statistics. Georeferenced
public health regulations or to gather additional profil- census data were obtained from the Nomenclature of
ing information. The survey is available in English in the Territorial Units for Statistics (NUTS), a standard geo-
Additional file 2. code for referencing the subdivisions of countries for
A multi-user account was also available to allow the statistical purposes, developed by the European Union
registration of multiple individuals through a single ac- [26]. We considered the NUTS2 level, corresponding to
count. The aim was to facilitate group participation (e.g. basic regions for the application of regional policies.
family members) and also to access groups who otherwise All other socio-economic data were taken from European
would be unlikely to participate (e.g. children or elderly Statistics and national sources: household size and compos-
not familiar with the Internet). ition [27,28]; education data [29-31]; employment data [32];
All users were asked to fill in the intake survey at leasttransport habits [33]; vacciri@on coverage data [34-41];
once, prior to participating to the surveillance. The intake diabetes prevalence data [42-48]; asthma prevalence data
survey could be updated throughout the season (e.g. bef44,49-53]; smoking prevalence data [54]; body mass index
cause of change of residence, vaccination or pregnanc{BMI) data for France [55].
status). When multiple intake surveys were available for a Commuting data was collected for all countries from
user, in the present study we used the most recently com-national institutes of statistics or departments of trans-
pleted one. In the sensitivity analysis, we quantified theportation [56]. Namely, we used data on the number of
type of changes made in the updated surveys and testedaily commuters from location of origin to location of
the effect of discarding the updates. destination.
Influenza-like-illness surveillance data were obtained
through weekly symptoms surveys. No data from theData analysis
weekly symptoms surveys was considered in this studyThe representativeness of the Influenzanet population
however the number and frequency of reporting by eachwas assessed through the comisan of its characteristics
user was used to evaluate the useactive participation with those of the general population for each country.
in the surveillance network. We used 2-test for non-continuous sociodemographic
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Figure 1 Flow chart of Influenzanet data collection. The schematic diagram illustrates the processes of registration, account confirmation, and
data collection through intake and weekly symptoms surveys.

variables, and Studeistt-test for mean comparisons. All each selected age group (Intake Q6 in Additional file 2).
comparisons used 2-tailed tests and a 5% cutoff pointWhen no number was indicated, we assumed that one
To assess whether differences in participation rates beindividual belonged to the selected age group.
tween countries were associated with differences in Inter- Commuting data, extracted from countriégensus and
net coverage (access and usage [57]), a test for associatimom Influenzanet population, were mapped to NUTS2
between paired samples was considered, using Peéagsorievel. Data were analyzed in terms of networks of nodes
product moment correlation coefficient, Kendadl or and links [58,59], with nodes representing the NUTS2
Spearmarfs . Statistical analyses were performed usingregions and directed links the commuting movement
the R software version 2.13.2 (R Development Core Teanbetween regions. A weightvop was also assigned to
R Foundation for Statistical Computing, Vienna, Austria, each link from origin O to destination D to indicate the
http://www.r-project.org). number of commuters on that connection. Adjusted
Age data were analyzed in 10-years age categories ugmalyses by geographic distribution of the population were
to an aggregated 70+ class. For France we had a categopgrformed (Additional file 1). We assessed whether the
of 18-19 years old individuals, because of the absence dhfluenzanet links reproduce thébackboneof the census
younger participants during the data collection campaign commuting network defined by extracting for each coun-
here analyzed. We additionally split the 60-69 class intotry a portion of census network of the same size of the
two categories, 60-64 and 65-69 years of age, to accounhfluenzanet commuting network containing the highest
for the age definition (65+) of individuals at risk for devel- traffic links. An alternative definition of backbone was
oping flu-related complications. tested for sensitivity analysis using the disparity filter algo-
Georeferenced data from Influenzanet were mappedrithm [60] (Additional file 1). We quantified the overlap
from zip codes or municipality resolution to NUTS2 between the Influenzanet commuting network and the
level for comparison with national data. Apart from the census one through the Jaccard index, measuring the ratio
geographic and demographic characteristics, all otherbetween the number of common links in the two net-
variables were adjusted by age (10-years categories) amgbrks and the total number of links. The index is defined
gender. in the range [0,1] where 0 indicates that no common link
The household composition question offered a list of is observed and 1 indicates that the two sets are identical.
age groups to be ticked, next to open fields where toWe calculated the probability of occurrence of the di-
indicate the number of individuals in the household for rected links in the Influenzanet commutingRop), given
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the probability of commuting from O to D computed region, Italy) and 96.1 per 100,000 (Utrecht region, The
from national census data and the sample of the Influen-Netherlands). Geographic repartitions of Influenzanet
zanet participants in region O. Details on the computation participants per region were statistically different from

are reported in the Additional file 1. census data (Additional file 1: Figure S3). Two countries
France and The Netherlands- reported a majority of

Results regions (12 out of 22 in France, and 8 out of 12 in The

Descriptive analysis Netherlands) having a relative difference between Influen-

A total of 31,674 residents in 7 European countries par-zanet population and national population in the range
ticipated in the 2011/2012 season (Table 1), during a[-15%,15%) (Figure 2). Out of the total of 113 NUTS2 re-
time period of at least 14 weeks. Based on the inclusiorgions, 34 (30%) had a relative difference in the range
criteria, we analyzed a set of 25,481 active participants-15%,15%), distributed differently across countries (12
representing 80% of the total. Active participation wasregions in France, i.e. 35.3% of the 34 regions in this range;
observed for the majority of individuals in each national 8 (23.5%) in The Netherlands; 6 (17.7%) in Italy; 5 (14.7%)
sample (from 55% in Italy to 90% in Belgium), with largein the United Kingdom; 2 (5.9%) in Sweden; and 1 (2.9%)
variations in the active participation rate per country, in Portugal).
ranging from 2.1 per 100,000 in Italy to 76.2 per 100,000 Regarding the gender distribution in the Influenzanet
in The Netherlands. When compared to Internet accesspopulation, the countries are split into three different
and usage statistics for 2011 (Table 2), we found a positiveets: i)male-prevalentcountries with a larger proportion
correlation with the indicators representing access inof males participating in tle project compared to the
households (generic Internet access and Internet broadnational population distribution (Belgium, Italyp < 10%);
band access) and frequent Internet usage (at least once i§ female-prevalentcountries (The Netherlands, United
week), and a negative correlation with the percentage oKingdom, Sweden, and Francp;< 10); iii) a statistically
individuals who never used the Internet, although all stat- representative population by gender (Portugal,= 0.08)
istical tests were non-significant. (Figure 3a). If we consider the aggregated data across all 7
Among the sample of active participants, 83% had acountries Influenzanet participants are more likely
single membership account (variation from 69% for Italy than the general population to be female (56.8% vs. 50.9%,
to 89% for Belgium), 9% belonged to a multiple accountp < 107%).
with 2 active participants (from 7% for Belgium to 12% Participants were found to be older than the general
for the UK), and 8% belonged to an account with 3 or population (@ = 1072 for Italy, p < 107 for all other
more participants. countries), except the female participants in Portugal
Overall, 89.1% of participants never updated theirwho were statistically representative of the counfy
intake survey (variation from 78.7% for Italy to 93.5% forfemale population in terms of agep(= 0.5), and in Italy
Sweden), 8.8% updated it twice, and 2.1% updated it atho were younger than the corresponding census group

least three times. (p = 0.01, Table 3). Overall, there was an overrepresentation
of the adult classes ([40-69]y) and an underrepresentation
Geographic and demographic characteristics of the youngest classes ([0-29]y). The latter results are ob-

All 113 NUTS2 regions of the countries analyzed weretained for the entire Influenzanet population and for both
covered by the study, with an active participation rate genders (Figure 3b), and they are also valid at country
per region varying between 0.3 per 100,000 (Calabridevel, except for France in the [40-49]y class (Figure 4,

Table 1 Participation to Influenzanet in the 2011/2012 season
Influenzanet country  No. registered individuals ~ No. active** participants % active in sample  No. active in country (per 100,000)

BE 4,362 3,915 90% 56.7
FR* 3,936 3,044 7% 6.2
IT 2,283 1,266 55% 21
NL 14,479 12,699 88% 76.2
PT 1,410 1,075 76% 10.2
SE* 2,657 1,676 63% 17.8
UK 2,547 1,806 71% 29
Influenzanet 31,674 25,481 80% 8.0

*first season.
**an active participant is defined as having filled at least three weekly symptoms surveys; it is also referred in the article simply as participanngn text).







































	Abstract

