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Abstract

Background

The Internet is becoming more commonly used as a tool for disgasdlance. Similarly tq
other surveillance systems and to studies using online data icoiledhternet-base
surveillance will have biases in participation, affecting the gdzability of the results.
Here we quantify the participation biases of Influenzanet, an ongoing Eurojsianetwork
of Internet-based participatory surveillance systems for influekeaHness.

[oN

Methods

In 2011/2012 Influenzanet launched a standardized common framework fazotlataion
applied to seven European countries. Influenzanet participants werareahip the gener
population of the participating countries to assess the represemégvef the sample |n
terms of a set of demographic, geographic, socio-economic and health indicators.

=

Results

More than 30,000 European residents registered to the system in th202@14éason, and a
subset of 25,481 participants were selected for this study. Alklagses (10 years brackats)
were represented in the cohort, including under 10 and over 70 yearshelthflienzang
population was not representative of the general population in terrageoflistribution),
underrepresenting the youngest and oldest age classes. The gehdlEmae differeq
between countries. A counterbalance between gender-specific infarrsag&ing behavig
(more prominent in women) and Internet usage (with higher rateslm populations) may
be at the origin of this difference. Once adjusted by demogradpHicators, a simil
propensity to commute was observed for each country, and the same ¢éopahsportatio
modes were used for six countries out of seven. Smokers were undmmnépdein th
majority of countries, as were individuals with diabetes; the septativeness of asthimpa
prevalence and vaccination coverage for 65+ individuals in two sigEessason
(2010/2011 and 2011/2012) varied between countries.
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Conclusions

Existing demographic and national datasets allowed the quantificdtitre garticipatio

biases of a large cohort for influenza-like-iliness surveillamcehe general populatiop.
Significant differences were found between Influenzanet participants the general
population. The quantified biases need to be taken into account in the analysis nfzanfate
epidemiological studies and provide indications on populations groups that should be targeted
in recruitment efforts.
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Background

Monitoring influenza epidemics through surveillance is essemtigbrfoviding public health
recommendations in areas including vaccines, antiviral susceptdmlityisk assessment [1].
At the national level, general practice (GP) sentinel suarait schemes collate information
on influenza-like-illness (ILI) of visited patients and, in someesa<ollect respiratory
specimens.

Alongside these well-established schemes, novel opportunities forllsunsiin the general
population have been opened by the advent of new technologies that promote the
participation of individuals through the Internet, creating inforomain a bottom-up fashion
outside of established practices and routines [2]. A participatgsiem was introduced in

The Netherlands in 2003 for ILI surveillance in the general populayaneans of an online
platform [3], offering a source of disease information generatextttyi by the users. The
system has expanded to other European countries establishing anioniatrgrticipatory
surveillance network (Influenzanet). The network has a standardizedaofamework for

data collection [4,5], thus overcoming possible fragmentations in deBeitions and
systems design of GP surveillance across countries.

To be of value in providing information to guide health policy, the catedata need to be
related to the epidemic situation in the underlying population. Ineagrst with
recommendations for GP surveillance networks [6], here we evalbateguality of the
collected data by assessing the representativeness of theppang (i.e. monitored)
individuals in the Influenzanet cohort. The advantage with respecthier surveillance
schemes (e.g. GPs or other digital approaches of unsupervised, rsatch as web search
records [7,8], online news [9,10], or tweets [11]) is the abilitystowsers about themselves—
including geographic, demographic, mobility, socio-economic and health iodapatstions;
this information can be compared with national statistics. Theigita identify possible
biases to be taken into account for epidemiological analyseseRudle, the comparison of
representativeness results across countries may guide infornsdgiss to improve
coverage and participation of underrepresented population groups in the following seasons.

Methods

Study design

Influenzanet is a European multicenter network [4] for ILI silievece in the general
population through online systems. Starting the 2011/2012 season, Influenaanatnched
with a uniform and standardized data collection approach in sevepdamaountries (The
Netherlands [3,12], Belgium (Flemish region only) [12,13], Portugal [14,18ly [t16],
United Kingdom (UK) [17,18], Sweden [19], France [20,21]), leveraging orexisting
participatory surveillance activities [5]. In each country, thigveillance system is
coordinated by local research and public health teams and Instit(gemthe Additional file
1 for further details).

Focusing on the 2011/2012 Influenzanet season, we analyzed seven natemalldetion
campaigns that started in November 2011 and ended in April or May 2012 femt
exceptions (Additional file 1: Table S1). Differences werentgaelated to country-specific



practical issues (e.g. launch following the Ethical approvdfrance, or to coincide with
public health events or communications for the upcoming influenza season).

Influenzanet consists of a website with centralized informatiothermetwork and results
from each participating country [4] that links to the national onlin&gslas, each in the
national language and with a country-specific name, but charstddsy a common website
template. National platforms are used to register participémtgive them access to their
account where they can upload information, and to publish summary Eneeiresults in
real time.

Participation is voluntary and anonymous, and open to all residentheotduntries

composing the multi-center network (in France, overseas tersitarid French individuals
under 18 years old were not considered, the latter due to regutatwstraints applied to the
first season only). Recruitment occurred with the help of presase$ of the supporting
institutions, media communications, specific advertising events $ehools activities or
science fairs), and through emails and word of mouth. More detisbe found on the
national platforms [12,14,16,18-20]. In some countries, weekly reports on Irdlugnz
results were also published within the official national surveillance bdl2,23].

For sensitivity analysis, we also performed the same anaysttge two following influenza
seasons, 2012/2013 and 2013/2014.

Privacy and ethical approval

This study was conducted in agreement with country-specificatgus on privacy and data
collection and treatment. Informed consent was obtained from ditipants enabling the
collection, storage, and treatment of data, and their publicati@amonymized, processed,
and aggregated forms for scientific purposes. In addition, approvals byalERBwiew
Boards or Committees were obtained, where needed according to cspetifye
regulations. In The United Kingdom, the Flusurvey study was approyeitheb London
School of Hygiene and Tropical Medicine Ethics Committee (Appinatumber 5530). In
Sweden, the Influensakoll study was approved by the Stockholm Regitmedl Review
Board (Dnr. 2011/387-31/4). In France, the Grippenet.fr study was\agphry the Comité
consultatif sur le traitement de I'information en matiére eleherche (CCTIRS, Advisory
committee on information processing for research, authorization 11&6%)by the
Commission Nationale de l'Informatique et des Libertés (CNIlenEn Data Protection
Authority, authorization DR-2012-024). In Portugal, the Gripenet projest approved by
the National Data Protection Committee and also by the E@ucsmittee of the Instituto
Gulbenkian de Ciéncia.

Data collection

To join the network, users registered on their national platform. Upgistration, the user
was asked to complete an intake survey, covering demographic fdatg@s gender),
geographic factors (location of home and work/school expressed anhuhigipality or
zipcode level), socio-economic factors (household size and composition, tmeupa
educational level, daily transportation means), and health-reltgetbrs (including
vaccination status against influenza in the 2011/2012 and previous seasopredigancy
status, smoking habits, and medical conditions associated with higkeofriinfluenza
complications). The intake survey was standardized and translatisti pvBgserving the same



type and content of questions and possible answers, as well sentkeorder of questions
within the survey, and accounting for the differences related tofispeational standards

(e.g. schooling structure and associated age/degrees). A fewradijuestions were added
by some platforms due to differences in national public health akgu$ or to gather

additional profiling information. The survey is available in English in the Additiblea®.

A multi-user account was also available to allow the redistreof multiple individuals
through a single account. The aim was to facilitate group jpation (e.g. family members)
and also to access groups who otherwise would be unlikely to padicgpat children or
elderly not familiar with the Internet).

All users were asked to fill in the intake survey at least ,opder to participating to the
surveillance. The intake survey could be updated throughout the seasonefaugsebof
change of residence, vaccination or pregnancy status). Whermplmutiiake surveys were
available for a user, in the present study we used the mostlyecempleted one. In the
sensitivity analysis, we quantified the type of changes matiheinpdated surveys and tested
the effect of discarding the updates.

Influenza-like-illness surveillance data were obtained through wegkhptoms surveys. No
data from the weekly symptoms surveys was considered in thig, $todever the number
and frequency of reporting by each user was used to evaluateettseacsive participation in
the surveillance network.

A schematic representation of the Influenzanet data collection is shown e Eigu

Figure 1 Flow chart of Influenzanet data collection The schematic diagram illustrates the
processes of registration, account confirmation, and data collection thraaké and
weekly symptoms surveys.

Inclusion criteria

All intake questionnaires filled in between the start date anctldsure date of the data
collection campaign for the 2011/2012 season were considered in the sangbjkwing
previous work [13,15,21,24], we included in our sample only active participdefiagd as
those who completed an intake survey and at least three weelbyosyssurveys, to avoid
results being skewed by sporadic participation). We will nefehese as Influenzanet active
participants or Influenzanet participants. We tested differehisian criteria and performed
a sensitivity analysis with the stricter inclusion criteribatteach participant filled in at least
one weekly symptoms survey per calendar month.

Users who did not specify age/gender details were additionally rehiawa the sample, as
demographic biases could not be assessed nor accounted for in a sample weightingeprocedur

Census and health data sources

We collected national data from a number of socio-demographic datasbhealth datasets
for all participating countries. In absence of data for thesy2@t1 or 2012, we relied on the
most recent available sources.



Demographic and geographic data were taken from the European Camnnpssial for
European Statistics [25] and from national institutes of stzisGeoreferenced census data
were obtained from the Nomenclature of Territorial Units fatiStics (NUTS), a standard
geocode for referencing the subdivisions of countries for $taligiurposes, developed by
the European Union [26]. We considered the NUTS2 level, corresponding torégisics
for the application of regional policies.

All other socio-economic data were taken from European Statestidsnational sources:
household size and composition [27,28]; education data [29-31]; employmen{3@dt
transport habits [33]; vaccination coverage data [34-41]; diabetes gmeeatiata [42-48];
asthma prevalence data [44,49-53]; smoking prevalence data [54]; bodyindas (BMI)
data for France [55].

Commuting data was collected for all countries from nationditumss of statistics or
departments of transportation [56]. Namely, we used data on the nafrdely commuters
from location of origin to location of destination.

Data analysis

The representativeness of the Influenzanet population was astHasaggh the comparison
of its characteristics with those of the general population for each courgrys®&d-test for
non-continuous sociodemographic variables, and Studetd& for mean comparisons. All
comparisons used 2-tailed tests and a 5% cutoff point. To assesisewhifferences in
participation rates between countries were associated withrethiffles in Internet coverage
(access and usage [57]), a test for association between paingi@saras considered, using
Pearson’s product moment correlation coefficient, Kendallks Spearman’g. Statistical
analyses were performed using the R software version 2.13.2V@odpment Core Team, R
Foundation for Statistical Computing, Vienna, Austria, http://www.r-project.org)

Age data were analyzed in 10-years age categories up to an &edrég# class. For France
we had a category of 18-19 years old individuals, because of the absfeyoeinger
participants during the data collection campaign here analyzedduMeorally split the 60-
69 class into two categories, 60-64 and 65-69 years of age, to accourd &wet definition
(65+) of individuals at risk for developing flu-related complications.

Georeferenced data from Influenzanet were mapped from zip codesupicipality
resolution to NUTS2 level for comparison with national data. Apar fthe geographic and
demographic characteristics, all other variables were adjustedyd (10-years categories)
and gender.

The household composition question offered a list of age groups to be tektdp open
fields where to indicate the number of individuals in the household fdr sslected age
group (Intake Q6 in Additional file 2). When no number was indicated, swavasd that one
individual belonged to the selected age group.

Commuting data, extracted from countries’ census and from Influenpapatation, were
mapped to NUTS2 level. Data were analyzed in terms of networks of nodes and links [58,59],
with nodes representing the NUTS2 regions and directed links the womgnmovement
between regions. A weighiop was also assigned to each link from origin O to destination D
to indicate the number of commuters on that connection. Adjusted anblyggsographic



distribution of the population were performed (Additional file 1). V8seased whether the
Influenzanet links reproduce tHeackboneof the census commuting network defined by
extracting for each country a portion of census network of the samefsthe Influenzanet
commuting network containing the highest traffic links. An altemeadiefinition of backbone
was tested for sensitivity analysis using the disparitgrfelgorithm [60] (Additional file 1).
We quantified the overlap between the Influenzanet commuting networkearmgnsus one
through the Jaccard index, measuring the ratio between the numlmenmwioa links in the
two networks and the total number of links. The index is defined in tige i®,1] where 0
indicates that no common link is observed and 1 indicates thawthgets are identical. We
calculated the probability of occurrence of the directed linkkie Influenzanet commuting
(Pop), given the probability of commuting from O to D computed from natioeakus data
and the sample of the Influenzanet participants in region O.IPetaithe computation are
reported in the Additional file 1.

Results

Descriptive analysis

A total of 31,674 residents in 7 European countries participated in the 201X@84@n
(Table 1), during a time period of at least 14 weeks. Based omc¢hesion criteria, we
analyzed a set of 25,481 active participants, representing 80% ofothle Active
participation was observed for the majority of individuals in e&tional sample (from 55%
in Italy to 90% in Belgium), with large variations in the actpaticipation rate per country,
ranging from 2.1 per 100,000 in ltaly to 76.2 per 100,000 in The Netherlands. When
compared to Internet access and usage statistics for 2011 (Table 2pund a positive
correlation with the indicators representing access in householti@imternet access and
Internet broadband access) and frequent Internet usage (at leaatweek), and a negative
correlation with the percentage of individuals who never used the Ihtetiough all
statistical tests were non-significant.

Table 1 Participation to Influenzanet in the 2011/2012 season

Influenzanet no. registered no. active** % active in no. active in country
country individuals participants sample (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% 2.1

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% 2.9

Influenzanet 31,674 25,481 80% 8.0

* first season.
** an active participant is defined as having filled at leastg¢hweekly symptoms surveys; it
is also referred in the article simply as participant (see main text



Table 2 Participation rates to Influenzanet per country compared to 2011 Interneaccess and usage statistics

country  no. Influenzanet % individuals using the % internet access in % broadband internet % individuals who never
participants per internet at least once a households (rank)  connections in households used the Internet (rank)
100,000 (rank) week (rank) (rank)

NL 76.2 (1) 90% (2) 94% (1) 83% (2) 7% (2)

BE 56.7 (2) 78% (4) 77% (4) 74% (4) 14% (4)

SE 17.8 (3) 91% (1) 91% (2) 86% (1) 5% (1)

PT 10.2 (4) 51% (7) 58% (7) 57% (6) 41% (7)

FR 6.2 (5) 74% (5) 76% (5) 70% (5) 18% (5)

UK 2.9 (6) 81% (3) 85% (3) 83% (2) 11% (3)

IT 2.1 (7) 51% (6) 62% (6) 52% (7) 39% (6)




Among the sample of active participants, 83% had a single membeaxstopnt (variation
from 69% for Italy to 89% for Belgium), 9% belonged to a multiplecaat with 2 active
participants (from 7% for Belgium to 12% for the UK), and 8% beldrtgean account with
3 or more participants.

Overall, 89.1% of participants never updated their intake survey (earitom 78.7% for
Italy to 93.5% for Sweden), 8.8% updated it twice, and 2.1% updated it at least three times.

Geographic and demographic characteristics

All 113 NUTS2 regions of the countries analyzed were covered bsttidy, with an active
participation rate per region varying between 0.3 per 100,000 (Calagi@any Italy) and
96.1 per 100,000 (Utrecht region, The Netherlands). Geographic repariiti Influenzanet
participants per region were statistically different fromstes data (Additional file 1: Figure
S3). Two countries — France and The Netherlands — reported atynajoegions (12 out of
22 in France, and 8 out of 12 in The Netherlands) having a relatiferedife between
Influenzanet population and national population in the range [-15%,15%) (Ryudait of
the total of 113 NUTS2 regions, 34 (30%) had a relative differendeirange [-15%,15%),
distributed differently across countries (12 regions in France3%.8% of the 34 regions in
this range; 8 (23.5%) in The Netherlands; 6 (17.7%) in ltaly; 5 (14id%pe United
Kingdom; 2 (5.9%) in Sweden; and 1 (2.9%) in Portugal).

Figure 2 Geographic distribution of Influenzanet participants at the level of NJTS2
regions The color code indicates the relative difference between the geograpiileiticst

of Influenzanet population and the corresponding general population data. The map was
created with the collected data using ArcGIS Software and publicly beagaographic
datasets [25].

Regarding the gender distribution in the Influenzanet population, the iesuate split into
three different sets: male-prevalentountries with a larger proportion of males participating
in the project compared to the national population distribution (Belgitaty; p < 10%; ii)
female-prevalentountries (The Netherlands, United Kingdom, Sweden, and Frarcé0

*: iii) a statistically representative population by gendert(®ad, p = 0.08) (Figure 3a). If
we consider the aggregated data across all 7 countries Influeneatieipants are more
likely than the general population to be female (56.8% vs. 5(b324,0).

Figure 3 Gender and age profiles of Influenzanet population and comparison with #h
general population Gender repartition is displayed for each country and aggregated for all
countrieg(a); age profile in 10-years classes per gender is shown aggregated for alesountr
(country level statistics are reported in Additional file 1: Figure(B¥)

Participants were found to be older than the general populgtioril(™ for Italy, p < 10°
for all other countries), except the female participants irtugatr who were statistically
representative of the country’s female population in terms of@age0.5), and in Italy who
were younger than the corresponding census groepd(01, Table 3). Overall, there was an
overrepresentation of the adult classes ([40-69]y) and an underreptieseat the youngest
classes ([0-29]y). The latter results are obtained for theednfluenzanet population and for
both genders (Figure 3b), and they are also valid at country |lexelptefor France in the
[40-49]y class (Figure 4, with no breakdown by gender). Overseptation of the [60-69]y
class was confirmed by further breaking down the age group, belowbard 85 years of



age (except for the [65-69]y class in Portugal that is found teepeesentative of the
corresponding age class in the general population, Additional file 1: Table S2).

Table 3Average age of Influenzanet participants and comparison with the national
statistics (allp< 10, except *p = 0.5, 0.0k p < 0.03, 110.00k p < 0.006).

Gender Influenzanet country Influenzanet General population
years (95% CI) years
all BE 52.8 (52.3-53.3) 42.0
FR 52.0 (51.5 -52.5) 48.6
ITtT 45.9 (45.0 — 46.9) 44.3
NL 51.6 (51.3-51.9) 40.8
PT 44.9 (44.0 — 45.9) 39.7
SE 43.7 (42.8 — 44.5) 41.7
UK 47.0 (46.2 — 47.8) 40.5
female BE 49.0 (48.3 —49.7) 43.3
FR 50.8 (50.2 - 51.4) 41.2
ITt 43.7 (42.3 - 45.2) 45.6
NL 49.7 (49.3 - 50.0) 41.6
PT* 42.4 (41.0 - 43.8) 41.9
SEtt 44.3 (43.3 - 45.3) 42.9
UK 45.5 (44.6 — 46.5) 41.5
male BE 56.0 (55.4 — 56.7) 40.7
FR 54.3 (53.4 — 55.2) 38.2
IT 47.5 (46.3 — 48.8) 43.0
NL 54.3 (53.9 -54.8) 40.0
PT 47.5 (46.1 — 48.9) 37.6
SETt 42.5 (40.8 — 44.2) 40.6
UK 49.4 (48.0 — 50.7) 39.4

Figure 4 Age profile of Influenzanet participants and comparison with the genal
population per country. Age distribution is shown in 10-years age classes. Country profiles
by age and gender are reported in Additional file 1: Figure S4.

The class of young adults, from 30 to 39 years of age, showed wiiffeseilts depending on
gender (Figure 3, when all countries are considered) and on therycdbigure 4 and
Additional file 1: Figure S4).

Gender-specific differences in the representativeness afeh#hnet participants are also
found in the older classes. Each country reported an underrepresemtathe 70+ class
when all participants are considered, with the male class beingvkowverrepresented in
the majority of countries (Belgium, France, The Netherlands Kd Additional file 1:
Figure S4). This gender disproportion is also confirmed if we consiieinfluenzanet
countries aggregated (Figure 3b).



Mobility features

Among the active participants, 55% (13,748 individuals) provided information on thei
school/work locations. The majority of participants reported commutinpiny the
administrative region of their residence. The ratio between amggms and within-regions
commuters varied from 48% (UK) to 2.5% (ltaly), and was stadibficepresentative of the
corresponding census ratios (Tabl@ #,0.1 for all countries).

Table 4 Average ratio between the number of individuals commuting outside andithin
their region of residence (allp > 0.1) and comparison with national statistics
Influenzanet country Influenzanet General population

Ratio between across-regions Ratio between across-regions
and within-regions commuters and within-regions commuters

(95% Cl) (95% Cl)
BE 0.429 (0.021 - 1.000) 0.371
FR 0.053 (0.000 - 0.213) 0.037
T 0.025 (0.000 - 0.135) 0.014
NL 0.189 (0.102 - 0.343) 0.182
PT 0.164 (0.000 - 0.806) 0.041
SE 0.028 (0.0 - 0.102) 0.051
UK 0.478 (0.0 - 2.746) 0.251

In the census commuting network all NUTS2 regions have eithesnmAg or out-going

commuting links with other regions in the country. In the Influenzametvork, only a

portion of links were represented (Additional file 1: Table S3hwéveral regions remaining
disconnected in the network, as they did not report either incoming or outgwmyguters (4

regions in France, 3 in Italy, 2 in Portugal, 1 in Sweden andtBa UK). The fraction of

represented links correlated well with the participation ratehe country (Figure 5a).
Moreover, represented links were in general found among the ones glhir Iprobability

Pop of occurrence (Figure 5b).

Figure 5 Quantitative analysis of the Influenzanet commuting network. (alinear
correlation between the fraction of commuting links represented in Influererach¢he
fraction of active participants per count® £0.96).(b) Statistical analysis of the traffic
weights of the links represented in Influenzanet. For each country, the median ttaak of
commuting links represented in the Influenzanet population (red dot) is companed wit
random sample (grey bar). Commuting links are ranked for decreasing prolubility
occurrencéop. Median ranks are smaller than the corresponding value for the random
sample, and outside of the confidence interval for all countries except Sweden.

The Influenzanet commuting network was able to capture some mléwant features of the
census commuting patterns (Figure 6). Where a small fractiomlaf Was represented,
Influenzanet commuting network was still able to reproduce tbaglir connected portions
of the census commuting network in given regions (for instancagiiNorth of Italy, in the

South of France, and in the South of Sweden). Commuting flows todeatmal urban areas,
like Paris and London, and the triangular pattern in the North ofudgirtwere also

recognizable. Variations were observed in connections to peripheed, avith some cases
being reproduced (Corsica to Metropolitan France, and Northern Iredahé rest of Great



Britain), whereas others being absent from the Influenzanet cangmetwork (Madeira
archipelago to continental Portugal, and North-South axis in Sweden).

Figure 6 Comparison between the Influenzanet commuting network (left) anthe

backbone of the census commuting network (right)The color code associated to the links
in the census commuting network is proportional to the adjusted weight (from yellovkto da
red). Both networks are directed, arrows are omitted for the sake of \asiogizMaps were
created with the collected data using ArcGIS Software and publicly bleagaographic
datasets [25].

Census backbones and Influenzanet networks showed an overlap ranging fr¢ggw@dén)
to 0.85 (Belgium) (Additional file 1: Table S4). The adoption of an radidre definition of
network backbone displays a lower similarity between the two networks ¢FAG)r

The comparative analysis on the mode of transport on a regulamaang garticipants of 15
years or older shows that the main mode of transport was stdljstiepresentative of the
national data for one country only (Italy, Figure 7). For all ottmemtries, differences in the
distributions were found to be significapt< 10°%).

Figure 7 Distribution of the use of transportation modes for Influenzanet partigpants
and comparison with national statistics

Socio-economic factors

Influenzanet participants belonged on average to larger households hihageneral
population (Table 5p < 10° for each country). The distributions of the number of
household’s members of Influenzanet participants were statigtidifferent from the
national onesp(< 10 Figure 8). All countries except ltaly reported a smallepprtion of
households of size equal to 1, with the smallest value observed in S(BeIEY vs. 39.3%)
and the largest one observed in Italy (32.08% vs. 30.1%).

Table 5Average household size of Influenzanet participants and comparison with
national statistics (allp < 107

Influenzanet country Influenzanet General population
household size (95% CI) household size
BE 3.4(3.3-3.5) 2.3
FR 2.9(2.8-3.0) 2.2
IT 2.8 (2.7 -3.0) 2.4
NL 3.2(3.2-3.3) 2.2
PT 4.0 (3.2-4.8) 2.6
SE 3.9(3.3-4.5) 2.1
UK 4.0(3.1-5.0) 2.3

Figure 8 Household size distribution for Influenzanet participants and corparison with
national statistics




Country-specific differences were found regarding employmenéseptativeness (Table 6).
No significant difference was found in the UK; the employed weaeginally oversampled
in Portugal and marginally undersampled in Sweden. Larger dismiegaare found in the
rest of the countries, with Belgium, Italy, and France overesitiig the national employment
rates, and The Netherlands showing the opposite trend.

Table 6 Employment rate in the [15-64]y class of age and comparison with national
statistics (allp < 107, except = 0.09, 0.0k p < 0.05

Influenzanet Country Influenzanet General population
% (95% CI) %
BE 68.6 (66.7 — 70.4) 61.9
FR 70.9 (68.8 — 73.0) 63.8
IT 66.2 (61.2 — 71.0) 56.9
NL 72.6 (71.7 — 73.6) 74.9
PTt 68.2 (64.6 — 71.5) 64.2
SETY 71.3 (68.4 — 74.0) 74.1
UK* 68.1 (65.4 — 70.7) 70.4

In the three countries where education data at the general popuéatel was available for
comparison with Influenzanet data (France, Portugal and Swedeimipaats had a higher
education level than the general population (Table 7).

Table 7 Education level of Influenzanet participants and comparison with natioal
statistics (allp < 10°°)

Influenzanet country: Classes Influenzanet General
Indicator population
% of % of

individuals individuals
FR: individuals with at least [25-34]y (female;male) 95.1; 96.9 70.2; 61.7
high-school level [35-44]y (female;male) 93.6; 94.1 54.9; 47.6
[45-54]y (female;male) 83.6; 87.1 39.4; 32.9
[55-64]y (female;male) 81.8;71.8 30.1; 29.9

PT no qualification ([15-64]y; 0;0 3.6; 36.2
65+) 65+)
GCSE ([15-64]y; 65+) 3.5;10.3 60.2; 55.7
A-level ([15-64]y; 65+) 16.3;27.0 20.6; 3.0
higher ([15-64]y; 65+) 80.2; 62.9 15.6; 5.1

SE: individuals in [20-64] no qualification (female; 0;0 13; 17

age class male)
GCSE (female; male) 2;3 23; 26
A-level (female; male) 17; 25 23; 25
bachelor (female; male) 16;14 16; 14

higher (female; male) 66; 57 25; 18




Health factors and vaccination

The prevalence of daily smokers in the 15+ age class isisagtify lower in Influenzanet
participants than in the general population across all counfries10) except in France
where it is statistically representative (21.51% vs. 23[8%0.08) (Figure 9). Similar results
are obtained for the male population, whereas in the femalke alss Portugal and Italy, in
addition to France, report Influenzanet smoking prevalence in agntewith national
statistics (Additional file 1: Table S5).

Figure 9 Prevalence of different health indicators: smoking in the 15+ population,
asthma, diabetes, and vaccination against influenza in the 65+ populatidnfluenzanet
prevalence is compared to national statistics.

The percentage of Influenzanet participants reporting asthrignicantly lower than in the
general population of Portugal (3.04% vs. 6.80%,10°), Italy (4.2% vs. 6.1%p < 107,

and the UK (9.2% vs. 11% = 0.02). The opposite trend is obtained for The Netherlands
(8.4% vs. 3.2%p < 10°) and Belgium (3.95% vs. 2.8%,< 10°%). No significant difference
was found in France (5.9% vs. 6p6s= 0.8). Results are reported in Figure 9.

Influenzanet diabetes prevalence was in agreement with nadiataador three countries (The
Netherlands, Belgium, and France, witlk 0.8,p = 0.2, ando = 0.7, respectively), and lower
for the othersg{ = 0.02 for Swedem = 0.01 for Portugalp < 107 for Italy and UK, Figure
9).

Vaccination coverage against influenza in the 65+ age class dber)11/2012 season was
larger in the Influenzanet participants of France, Portugal andlé&wevhereas it was
statistically representative in ltaly (57.2% vs. 62. 7%, 0.8) and UK (74.21% vs. 74%,=

0.98) (Figure 9). In the 2010/2011 season, vaccination coverage was higher among
Influenzanet participants in all countrigs € 107, except in Italy where vaccinated 65+
individuals were strongly underrepresented (35% vs. 62%, 107, and in UK where
vaccination coverage was in agreement with national data (75%396, p =0.55, see
Additional file 1: Table S6). Dutch data were not available for coisqa for the 2011/2012
season and Belgian data were not available for both seasons.

Sensitivity analysis

Repeating the analysis with a stricter inclusion criterion predum qualitative differences
in the results presented.

The updates of the intake survey for 10.9% of the total number of partisi most
frequently concerned the participant’s job (place of work; occupatiain activity), her
weight (in the French survey only, where a question on weight antitheas added to
evaluate the participant’s BMI), her mean of transport (maamof transport; time spent
daily on public transportation), and her place of living. These chadgesot affect the
results obtained for the representativeness in terms of age, gaodsehold, and health
indicators. The changes in the geographic and job indicators producepiatitative
differences in the results presented.

The representativeness analysis on the following two seasons (2012/20281&/20014)
showed that the obtained results are robust in time (Additioraal 1fjl No qualitative



difference was observed, except for the Influenzanet vaccinaii@rage in France that was
found to be representative of the corresponding value in the g@uognalation, differently
from the 2011/2012 season. Differences in the participation of spegécgroups were
observed in some countries (e.g. in the UK where a higher patiticipaf school-aged
children was reported in the 2013/2014 season thanks to school-speciiteactnd
communication campaigns), without altering the overall picture &fddcepresentativeness
in terms of age observed for all participating countries.

Discussion

31,674 residents in 7 European countries joined the online surveillance sttly first
season (2011/2012) where a standardized and uniform data collection appasaatiopted
by the Influenzanet Consortium. Active participation was observed8686 of the
participants and covered all NUTS2 regions included in the propasticipation varied
widely across countries, geographic regions, gender groups, and ages.cldss is most
likely related to different factors, namely: the reachability ofvemiportion of the population
obtained through communication campaigns; the availability, usage ofaamliafity with
the Internet (which is used in this study as the mean to cdb¢a}; and the self-selection of
participants, or ‘volunteer effect’, and the underlying interest tdsvére object of the study
[61].

Results seem to indicate that coverage biases due to the timeagepartly explain the
observed variability in participation per country, however all tesi®e non-significant likely
due to the small number of data points. Belgium and Portugal showetearbeking in
participation rates with respect to the various Internet indsatpointing to a larger
participation than expected based on country ranking for Internet asdg which is likely
due to the longer history of the national platforms (Belgium from 2008ther with The
Netherlands, and Portugal from 2005). The Netherlands, France, apdrdtdded in
participation approximately as expected by Internet accessisagk statistics. Conversely,
Sweden and the United Kingdom were ranked lower in participatites (3' and &',
respectively) than according to Internet statistics. It igartant to note that for France and
Sweden it was their first season in the project.

Geographic distribution within each country was not representativey kmger participation

was generally observed in those regions hosting the laboratoryfistitonducting the

study, likely reflecting a more powerful effect of communication canmsa& the local level.

Other initiatives, geographically limited, appear to be respongiblarge participation rates
in the population. This is for example the case of the Corsicarregith a participation rate
of 3.5 per 100,000 vs. 2.4 per 100,000 observed in the region of the lle de Franog thesti
Supporting Institution), following the diffusion of localized communicatampaigns and

Influenzanet activities at schools in the region supported by a regional p6ggct [

An unbalance in the participation by gender was observed, except cagbeof Portugal.
Two opposed aspects may be at play in the gender imbalance. On onpreaiodis studies
suggest that women are on average more interested in headléatelpics and also exhibit a
more active information-seeking behavior [63,64]. Such gender-gpéeifiavior may thus
lead to a more likely voluntary female participation in a headthted project like
Influenzanet, as observed in The Netherlands, UK, Sweden, and Frasads Reowing a



higher tendency of participation of larger households in the studyfandner support this
hypothesis, as possibly driven by women’s interest in family and children6&gre |

On the contrary, Belgium and Italy showed a larger fraction ¢ participants with respect
to the national partition by gender. This might be explained by ena&nder-specific
aspect, regarding the usage of and familiarity with technologyemergl. Internet usage
differs by gender across all countries, with a larger fraafomen accessing the Internet at
least once per week compared to women [57]. Interestingly,divetrees with the largest
relative difference in the gender-specific access to thenktt€ltaly, Portugal and Belgium,
with a relative difference of 18%, 11%, and 7%, respectively) aks@ the countries with a
larger prevalence of male Influenzanet participants (Belgium latg or displaying a
representative population by gender (Portugal). A larger dispropantimien’s vs. women’s
Internet access appears therefore to balance out the femahteening effect due to health-
interest, family care, and information-seeking behavior.

The Influenzanet population was not representative in terms of agd an
overrepresentation of the [40-69]y class (for each gender), arrrepdEsentation of the
younger age classes, [0-29] (for each gender), and of the e{dgdy> 70y, for all countries
when both genders are considered together). Internet usage statiptics a decreasing
dependence on age [57], with larger (e.g. Italy and Portumamhaller (e.g. The Netherlands
and Sweden) variations by age classes. This decreasing rage Inay explain the low rates
of participation observed in the 70+. To achieve a better represengds of individuals in
this class, the surveillance system will need to design &trg&tmmunication campaigns for
this group and, most importantly, facilitate the accessibilithéoproject. It is interesting to
note that individuals in the [60-69] age class are largely overepied. We tested whether
this may be induced by a specific interest and concern of indigiddi&@5+ years of age for
whom influenza vaccination is recommended in Europe, but found no magredik in the
representativeness of [60-64] vs. [65-69] class to support this hypothesis.

Underrepresentation in the [0-9] and [10-19] classes of age may e theeimpossibility to
access the Internet in an unsupervised way for the youngeseahi&d to the unlikelihood
of being exposed to the project for the older ones. The systenualm@orporates the
possibility of adding multiple users to an account managed by & gpagticipant who is
supposed to facilitate the input of data for individuals who cannoteonat familiar with
Internet tools. The results of this study for the 2011/2012 season indicatever, that more
specific efforts in reaching out to younger age classes ameaeéor instance through
projects and communication/entertainment actions at schools. Suohsaotay be for
example responsible for the increase in participation rates in school-algdrcbbserved in
the UK in the 2013/2014 season.

A lack of interest in influenza or health-related topics may betha basis of the
underrepresentation of the [20-29] age class, since this isdhp paving the most largely
diffused usage of new technologies, with an at least weekly &ttaocess reported for more
than 88% of individuals between 16 and 34 years old for all countrieedtudith the
exception of ltaly (81% for [16-24]y and 70% for [25-34]y) and Portugal (8@ 77%,
respectively). The class of [30-39] years old instead showedeaettif participation behavior
depending on the gender (overrepresentation of females and underrepogsentmales)
and on the country (underrepresentation in Belgium, France and Therlsietls, when both
genders are considered, opposite trend elsewhere). This agenalasepresent the transition
between young-specific lack of interest for the project anddise of family-specific interest



for health-related information. The average age at first childisrindeed found between 28
years (Belgium) and 30 years (Italy) in 2010 [66]. Other possitdehanisms may clearly
come into play, such as e.g. a more general increased responsmilggds society and
public good.

Once the non-representative nature of the Influenzanet population indeags and gender
was adjusted for, commuting patterns registered by Influenzeapetduced well the ratio
between the within-region and the across-region number of commutmgerniag a feature
that is relevant for the spatial spread of influenza. The proportioansius links represented
in the Influenzanet network was larger for the countries withhdrighumber of active
participants, showing that a better representativeness of the topfltigy network can be
reached with higher levels of participation. When only a smalitina of links was
represented, those were in general the ones with higher census traffthe network
backbone.

The analysis of transportation modes showed that the Influenzaneesaegpite being non
representative for 6 countries out of 7, reproduced some of the asgpettts general
population transport behavior, like the top three transportation modes, tleath@esame in
the Influenzanet and in the general population for all countries except Sweden.

Participants in general had higher education levels compared tertbeagpopulation, which
is in agreement with previous studies employing web-basedysuf6&,68], and is likely
induced by the non-representative nature of Internet users (Intesage dramatically
increases with education level [57]) and of the sample of individugldy engaged in the
survey’s topic.

Our interpretation of partially incomplete data for the household catiggoésee Methods)
offers a lower boundary for the household size, therefore it does naatnely alter our
findings on larger household sizes found for Influenzanet participatit®r @ssumptions
adopted for the study were tested for sensitivity (i.e. striobelusion criteria and
consideration of the first intake only neglecting following upda@s) no qualitative
differences were observed in the results.

The Influenzanet sample contained fewer smokers than expected tiomahstatistics, with
few exceptions (representativeness for France for both genueferaPortugal and Italy for
the female sample only). International comparability on suctsstatis however limited due
to the lack of standardization in the measurements of smokings habitealth interview
surveys across EU member states (see e.g. differences fausd different sources, Refs.
[54] and [21]). For example, there are variations in the wording oftignesand in the
response categories used in surveys for smoking behaviors (e.gngrdahy vs. regularly).
Our results consider the Influenzanet responses for daily smokbitg fize. less than 10, 10
or more cigarettes per day, excluding occasional smokers) cethfmathe national statistics
defined in terms of ‘daily smoking’ [54].

Vaccination coverage against influenza in the 65+ age classtatasically representative of
national coverage in Italy and the UK, and it was higher in thgkes of the other countries.
Vaccination coverage reported for Italy for the previous seasonc(parts were asked
about their vaccination status in the previous season too) was madkrsiman what has
been declared for the season under study (the latter being atisticstlly representative of
national data). No clear explanation is available, given that #ineple of individuals



declaring the vaccination status is the same. It may be ithex ® memory biases in the
reporting of previous season vaccination behavior, or to change of \emtibahavior from
one season to another. The 2010/2011 season was indeed the first infhasorafsllowing
the 2009 HIN1 influenza pandemic, and the reported coverage may bestiieof the
negative impact of the controversies related to the pandemicnafiooi campaign of
2009/2010 on subsequent seasonal influenza vaccination coverage. While thisdiypaike
explicitly tested in some countries where no association was {69hdwe are not aware of
similar studies being conducted in Italy, and we argue tleataitye variability observed in
the attitudes towards vaccination uptake during the HIN1 pandemicng@possibly lead
to different results that are country-specific.

Overall, health-related results further indicate a tendenayfloehzanet participants towards
better health and towards health care, with few exceptions. Fadhegran analysis on the
Body Mass Index of French participants have shown that they legsdrequently found to

be overweight and obese than the French population [21], further supporting such tendency.

For sensitivity analyses we also tested the robustness of ourngintbir the two influenza
seasons following the standardization of the Influenzanet platf@ima. only qualitative
difference was found in the vaccination coverage of the 65+ Inflaehzaopulation in
France that was representative of the corresponding national fealbeth 2012/2013 and
2013/2014 seasons, whereas in the 2011/2012 season a marginal overrepreseagation
observed. It is to be noted however that some statistics for tkeeagjpopulation for some of
the indicators considered here were not available for all countries antheftihe study (e.qg.
vaccination coverage for the last influenza season, or asthma #&etediancidences). Other
differences, however not altering the findings reached for the 2011/2@%@rs included an
increase in the participation rate of school-aged children in e fallowing targeted
communications in the country. Larger quantitative differences thgtatter the conclusions
of this study may be found on longer timeframes of data callecinduced by population
changes in some of the indicators that may drive the participatitve surveillance scheme.
For example, in the longitudinal study of eight seasons of thedBefdatform, Vandendijck
and collaborators found a marked increase in participation in the [68¢@9Flass, likely
attributable to the growing internet usage in this age group during that tinecft3].

In addition to the self-selection bias, another potential limitatiothefstudy is induced by
the employed data collection methodology that may have an eifiedata reliability when
participants self-report inaccurate information. This may happen utioasl/, e.g. due to
the fact that participants mistakenly introduce wrong data ghtmiiorget to report an
information, or as the result of a deliberate action. In thedase, while simple mistakes in
completing the surveys may be automatically checked by thensyss e.g. a date of birth in
the future) or avoided with design improvements, all errors celetemisunderstandings,
subjective interpretation or memory effects in the reporting evga undetected. Studies
have found that Web participants’ responses contained less random amasigsérror than
their telephone counterparts [71]. This was explained as ant effeihe lack of social
compliance towards the interviewer and the availability of a lonigpee to process the
information at the individual's own pace [72]. Moreover, memory efféetgling to a
systematic error known as recall bias are expected to @doemn surveying participants’
behavior on a large set of indicators regarding events or experiéoeshe past. We
evaluate that such bias is unlikely to occur in the intake surveipflofenzanet, as the
guestions asked refer to standard demographic information and evaaftsyor conditions
(e.g. smoking behavior, main mean of transportation, presence fiedleetc.). For the



same reason, also misunderstandings and wrong interpretationsgoiesitens are unlikely
to occur.

The only question referring to a particular event in time contaiméde Influenzanet intake

survey is the one on the vaccination status. If the vaccination caftershe completion of

the intake survey, the participant may forget to update the infaima her personal space,
thus inducing a bias in our results. We evaluate that such dagessant, would represent a
small fraction of the total, as the Influenzanet surveillameepaign typically starts after the
vaccination campaign in each of the countries. Nonetheless, a simpléeegoncerning the

update of the vaccination status can be easily implemented to overcome this issue.

Concerning deliberate actions of providing inaccurate data on onlineysuthe probability
of filling in fraudulent data in a web-based survey, though possibkxpscted to be very
limited due to the absence of specific incentives, and the tisoeinges needed to perform
the fraudulent action.

Conclusions

The analysis of the characteristics of approximately 25,000 penits in the Influenzanet
network of online platforms for influenza-like-illness surveillasb®wed a large variability
across countries in terms of representativeness. The youngesitiastlage classes were all
underrepresented, and gender representativeness was reached amlg twuntry out of
seven. Participants’ households were found to be larger than those ohénal g@pulation,
and participants’ health indicators overall indicated a higher concern foh-helated issues.

The advantage of the system is to allow the evaluation of reprisgenéss along a large set
of population aspects. The study indicated areas in which spec#teges and updates in
future surveillance may be envisioned for the recruitment of undeied groups of the
general population. The evaluation findings will be used to correathgrpret
epidemiological data and assess risk factors to inform public health policy.
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