( BioMied Central

BIMC Infectious Diseases The Open Access Publisher

This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Incidence and risk factors for influenza-like-illness in the UK: online surveillance
using Flusurvey

BMC Infectious Diseases 2014, 14:232  do0i:10.1186/1471-2334-14-232
Alma J Adler (alma.adler@Ishtm.ac.uk)
Ken TD Eames (ken.eames@Ishtm.ac.uk)

Sebastian Funk (sebastian.funk@Ishtm.ac.uk)
W John Edmunds (john.edmunds@Ishtm.ac.uk)

ISSN 1471-2334
Article type Research article
Submission date 12 August 2013
Acceptance date 4 April 2014
Publication date 1 May 2014

Article URL http://www.biomedcentral.com/1471-2334/14/232

Like all articles in BMC journals, this peer-reviewed article can be downloaded, printed and
distributed freely for any purposes (see copyright notice below).

Articles in BMC journals are listed in PubMed and archived at PubMed Central.
For information about publishing your research in BMC journals or any BioMed Central journal, go to

http://www.biomedcentral.com/info/authors/

© 2014 Adler et al.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly credited.


mailto:alma.adler@lshtm.ac.uk
mailto:ken.eames@lshtm.ac.uk
mailto:sebastian.funk@lshtm.ac.uk
mailto:john.edmunds@lshtm.ac.uk
http://www.biomedcentral.com/1471-2334/14/232
http://www.biomedcentral.com/info/authors/

Incidence and risk factors for influenza-like-illness
In the UK: online surveillance using Flusurvey

Alma J Adlet”
Corresponding author
Email: alma.adler@Ishtm.ac.uk

Ken TD Eamebs
Email: ken.eames@Ishtm.ac.uk

Sebastian Furtk
Email: sebastian.funk@Ishtm.ac.uk

W John Edmunds
Email: john.edmunds@Ishtm.ac.uk

! Department of Infectious Disease Epidemiology, London School of Hygiene &

Tropical Medicine, London, UK

Abstract

Background

Influenza and Influenza-like-iliness (ILI) represents a subistgoiblic health problem, but|i
is difficult to measure the overall burden as many cases do messadealth carg.

Community cohorts have the advantage of not requiring individualsesempir at hospita
and surgeries and therefore can potentially monitor a wider vasfetases. This stug

reports on the incidence and risk factors for ILI in the UK assorea using Flusurvey, an

internet-based open community cohort.

Methods

Upon initial online registration participants were asked backgrouakhcteristics, and evefy
week were asked to complete a symptoms survey. We compareg@régerdgativeness of our

sample to the overall population. We used two case definitions ofwtikh differed in

whether fever/chills was essential. We calculated ILI inademeek by week throughout the

season, and investigated risk factors associated with ever rgpitiover the course of th
season. Risk factor analysis was conducted using binomial regression.

Results

5943 participants joined the survey, and 4532 completed the symptoms sueast atice
Participants who filled in symptoms surveys at least twidledfiin a median of nin
symptoms surveys over the course of the study. 46.1% of participgotseck at least on
episode of ILI, and 6.0% of all reports were positive for ILI. Femdlad slightly highe
incidence, and individuals over 65 had the lowest incidence. Incidence pesakditforg
Christmas and declined dramatically during school holidays. Mulitearegression shows
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that, for both definitions of ILI considered, being female, unvacethataving underlying
health issues, having contact with children, being aged between 35 aaddodeing :
smoker were associated with the highest risk of reporting aid.use of public transpart
was not associated with an increased risk of ILI.

&

Conclusions

Our results show that internet based surveillance can be usedsarsélL] and understand
risk factors. Vaccination is shown to be linked to a reduced risledrting ILI. Taking
public transport does not increase the risk of reporting ILI.UFkey and other participatofy
surveillance techniques can be used to provide reliable information ¢y pwdkers in nearly
real-time.
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Background

Each year influenza causes a substantial burden of illness. Eveman-pandemic year,
influenza is estimated to cause between 250,000 and 500,000 deaths wordwidsgdme
years, the burden can be much higher. Serological studies estithat in the second wave
of the 2009 pandemic, in the United Kingdom (UK) 49% of under five year 58% of 5-
14 year olds, 35% of 15-24 year olds, and 25% of 25-44 year olds werednf2E While
many cases of influenza can be mild, serious complications can pecticularly in the very
young, very old, and individuals with pre-existing health conditions IfiLjorder to help
reduce the impact of influenza, it is important to understand who islik&gtto be infected.
Despite the high burden of influenza there is little quantitativarimition about risk factors
that may inform potential preventive strategies.

The incidence of influenza is not generally recorded by publigdhheatveillance, since it is
impossible to conclusively know if an individual has influenza without viiokdg

confirmation, which is very rarely performed. As a result, nreplorts are of cases of
influenza like illness, or ILI.

Traditional ILI monitoring relies on general practitioner (G&#)d hospital reports. These
methods, although useful, have the main limitation that they require individuals toesdtrk
care [3]. Given that individuals with ILI who seek health carermtea random sample of
cases, but are likely to differ in a number of characterigfims example gender, socio-
economic class, severity of illness), there is a high likelihoo@letson bias. Additionally,
during pandemics or other periods of high incidence, uncomplicated casgsbe
discouraged from presenting to health care, which would further disegicture emerging
from routine (health-care dependent) surveillance [4]. Finally difficult to link reports of
ILI to behavioural and biological risk factors, since much of thisrmation will be absent
from GP records. As a result estimates of the incidence loenm#a and of associated risk
factors based on routine surveillance may be unreliable and unrepresentative.

An alternative is to measure the incidence and risk-factercmmmunity cohort surveys.
The internet allows these to be conducted at relatively low qudtim a way that is



convenient for participants. Hence this method has become increasssglyacross Europe
[5-7] and elsewhere [8,9], to estimate the incidence of ILI, and to rstade the
epidemiology of ILI and the effectiveness of control efforts [HEch week, participants are
asked to record the presence or absence of symptoms, by whichbo#aasnumerator and
denominator are obtained. Background information collected when participagitter
allows real-time estimates of regional incidence by agemand assessment of the role of
other risk factors.

The UK web-based surveillance “Flusurvey” (https://flusurvey.orgwkf launched in July
2009 during the HIN1 pandemic [11], and has now run for five years. Flusarineled to
Influenzanet (https://www.influenzanet.eu/) a Europe-wide ILI moimgpsystem, currently
running in nine countries. Here we present UK specific incidestima&tes and risk factor
analyses for ILI from the 2012-2013 season.

Methods

Participants include any resident of the UK recruited into Flugupeéveen November 22
2012 and April 1% 2013. Flusurvey was approved by the London School of Hygiene &
Tropical Medicine Ethics Committee (Application number 5530).

Structure of the survey

Upon initial registration, participants were asked a set okdraand questions about their
age, gender, socio-economic status, household composition, geographicah)ocatcine
status, use of public transport, employment, and educational stattisipBats were also
asked questions about pre-existing health-conditions including use of medicatiomé&veslia
asthma and other respiratory diseases, heart disease, kidnegediscand immune-
compromising conditions. Further details about the background questioagadedle upon
request. In addition to being able to register themselves, partEipane able to register on
behalf of others (e.g. members of their household). Participants hatioregistered for
Flusurvey in previous years were required to fill in their backgraofamation again to
ensure it was up to date. During the course of the season we rdnpadeipants in the
weekly email to update their vaccination status if necessary

Each week a reminder email was sent asking participants to etenglsymptoms survey,
whether or not they had any symptoms. Participants were aekeulitate on a list of
symptoms which, if any, they had experienced in the past wesince their last symptoms
survey report. Participants who reported any symptoms were aslsst of follow-up
guestions, detailing onset date, suddenness of onset, and health seekingubsehBve full
list of symptoms is found in Table 1.



Table 1List of symptoms in the survey

No symptoms Chest pain

Fever Feeling tired or exhausted
Chills Loss of appetite
Runny/Blocked nose Coloured sputum/phlegm
Sneezing Watery, bloodshot eyes
Sore throat Nausea

Cough Vomiting

Shortness of breath Diarrhoea

Headache Stomach Ache
Muscle/Joint Pain Other

Demographics

Our sample was compared to the UK population to assess its reptesmess. Background
demographic data for the UK was taken from the office of NaktiStetistics website [12].
Representativeness with respect to vaccination uptake wasessesing influenza vaccine
uptake reports from the Public Health England (PHE) Website [13].

Case definitions

A diagnosis of influenza-like-illness (ILI) was made based ortigigants’ self-reported

symptoms. Since there is no case definition of ILI upon which everyagrees, and
recognising the possible sensitivity of any results to theiggesefinition chosen, in this
study we consider two different definitions of ILI. First, 1Y%, using European Centre for
Disease Prevention and Control (ECDC) definition which required: Suddset of

symptoms; at least one of fever or chills, malaise, headachelemen; at least one of
cough, sore throat, shortness of breath. In the Additional file 1: Appergligonsider a

stricter ILI definition which was the ECDC definition but additionally regdia fever.

Data management

Participants received a reminder each week to complete their symptoms slowever, not
all participants responded on the day the reminder was sent, so mangleveys are not
evenly spread. On less than six percent of occasions participantsttedbmultiple
symptoms surveys on the same day. Multiple responses by individudle sarme day were
treated as follows: if there was one symptom surveys thatded|a report of I15°P¢ that
one was kept, and if not, the most recent one was kept. If an indiveghaated symptoms in
consecutive surveys, they were asked whether the symptoms lektorthe same episode of
illness. If symptoms were reported to be from the same epidwaewere only included as
an incident case once. As it was believed that individuals were hkety to register for
Flusurvey when they had an ILI, upon enrolment, the first symptomveyssgubmitted by
each participant was dropped when estimating weekly incidenceiskofactor analyses,
only individuals who had submitted at least two symptoms surveys ndteled in the
sample.



Statistical analysis

Measure of disease frequency

Data were analysed using R-studio version 0.97.237 and R 2.15.2. Unadjusted engidenc
calculated both as a participant’s risk of reporting ILI asteonce in a season, as well as a
risk per symptoms survey. The overall risk was calculatedtay number of positive reports
over total number of reports. Weekly FEP€ incidence by age group was plotted alongside
actual recorded percent positive confirmed influenza swabs collegt®HE’'s Respiratory
DataMart system [14].

Risk factor analysis

For risk factor analysis, we considered factors potentiallyte@ldo the chance of an
individual reporting ILI at least once during the season. Risk fagtolsded geographical
area, vaccine status, pre-existing health conditions, employosengf public transportation,
household makeup, exposure to children, gender and age group.

Data were analysed using a generalised linear model usimpmibl regression; odds ratios
(and 95% confidence intervals) were reported as measures of association.

The odds of reporting ILI at least once were adjusted by the nushlpeports an individual
submitted; age group (under 18, 18-24, 25-34, 35-44, 45-64, 65+); gender; influenza
vaccination status; region (13 NHS regions); employment statudy{ng, working full or
part time, homemaker, unemployed); whether the participanirwvesntact with groups of
10 or more children (children defined as under the age of 18) irothisecof a typical day;
whether the participant lived with children; pet ownership; havingegigting health
conditions (asthma, diabetes, kidney disease, heart disease, immuno-cismgrom
conditions); allergies; smoking (any number of cigarettesylaegise of public transport.
Because some of the covariates such as smoking and interactin@ whild may have
differences in effect in participants under the age of 18, atisgtysanalysis was conducted
removing children from the analysis.

Results

Demographics

5943 participants were recruited. Of those 1511 only completed the symptouey once,
leaving 4532 participants that were included in the analysis. Partisi characteristics are
shown in Tables 2 and 3. Participants included in the analysis completedian of nine
symptoms surveys and a mean of 9.9 symptoms surveys.



Table 2 Characteristics of all participants, and participants with at leasttwo reports included in
the study

All registered Participants with 2 or more symptoms surveys
participants
Age Participa Participants (% of all Percent of Percent of UK Female n(%)Risk factor Vaccine n
Group nts participants) Flusurvey sample Population n (%) (%)
0-17 403 274 (68.0) 6.2 21.0 136 (49.6) 30(10.9)4 (&8)
18-24 382 202 (52.9) 4.6 9.4 142 (70.3) 30 (14.9% (12.4)
25-34 1132 774 (68.4) 17.5 13.6 557 (72.0) 1009012153 (19.8)
35-44 1281 903 (70.5) 20.4 13.5 611 (67.7) 1383)13204( 22.6)
45-64 2138 1778 (83.2) 40.1 25.4 1150 (64.7) 33631583 (32.8)
65+ 607 501 (82.5) 11.3 17.1 288(57.5) 183 (36450 (89.8)
% of total included 75.9% 79.1% 84.4%
in our study

Table 3Proportion of participants by region and risk factors
Number participants % of Flusurvey sample % of total in the UK

Region

East Midlands 260 5.8 8.7
East of England 470 10.5 8.9
London 887 19.8 12.6
North East 102 2.3 4.1
North west 366 8.2 11.1
Northern Ireland 64 1.4 2.9
Scotland 305 6.8 8.5
South Central 440 9.8 6.4
South East Coast 351 7.8 6.8
South West 422 9.4 8.2
Wales 201 4,5 5.0
West Midlands 299 6.7 8.7
Yorkshire & Humberside 310 6.9 8.2
Other risk factors

Smoker 444 9.8 21
Has a pet 1974 43.6 n/a
Takes public transport 1456 321 n/a
In contact with children 833 18.4 n/a
Has children 1538 33.9 n/a

Females were over-represented in our sample (64% femalejréchiere under-represented
(6.2% of our sample versus 21% of the UK population), and individuals aged 3564 we
over-represented. About ten percent of all participants (456) wersteregl by proxy
however due to the anonymous nature of our survey we do not know about hyw ma
individuals participated from the same household, for this reason weotlidluster by
household.

There were regional differences in the sample, with London bewegrepresented and
Northern Ireland being the least well represented region in the surveg @abl



Participants had a higher rate of vaccination than the UK populatadrie(B), suggesting
that Flusurvey participants may have more awareness of infiuban the UK population in
general. Table 5 shows number of reports submitted per week.

Table 4Vaccination characteristics of participants with at least two reports compared
to overall UK population

Risk group % of Flusurvey sample vaccinated % of total in the UK vaccinated
2012-2013 season 2012-2013 season

Over 65 89.8 73.4
Pregnant women 65.0 40.3
Underlying health 70.3 51.3
condition
Healthcare workers 57.2 45.6
Total 32.2 n/a

Table 5Number of submitted reports by week

Week ending: Number reports:
25-Nov 2496
02-Dec 2253
09-Dec 2624
16-Dec 2552
23-Dec 2748
30-Dec 2379
06-Jan 3065
13-Jan 2982
20-Jan 2810
27-Jan 2715
03-Feb 2766
10-Feb 2675
17-Feb 2641
24-Feb 2551
03-Mar 2519
10-Mar 2457
17-Mar 2400
24-Mar 2386
31-Mar 2102
07-Apr 2350
14-Apr 2267

Unadjusted ILI incidence

46.1% (95% ClI 44.6, 47.5) of individuals reported at least one episode“6¥Slduring the
season, and 6.0% (95% Cl 5.7, 6.2) of symptom reports were positive T0fiLIncidence
was higher in females, with 49.6% (95% CI 47.8, 51.5) of females megpat least one

ILI E°PC compared to 39.7% (95% CI 37.3, 42.2) of males. 6.9% (95% CI 6.6, 7.2) of

symptoms surveys submitted by females were positive f5F%E] compared to 4.6% (95%
Cl 4.3, 4.9) of surveys submitted by males. Participants over 65heatbwest positive

proportion of total reports: 33% (95% CI 29.1, 37.0) of individuals had at least one episode of

ILIE°P€ and 2.9% (95% CI 2.5, 3.2) of all surveys were positive; participanteée 45 and
65 had the highest proportion of having at least one report Bf3t.(50.1%, 95% CI 47.8,
52.5); participants under the age of 18 had the highest proportion (7.9%, 19%%; €.1) of



positive symptoms surveys (Table 6). Analysis of ILI as measused) the stricter I
found similar patterns (see Additional file 1: Appendix 1).

Table 6 Overall and weekly incidence of ILI using ECDC and Fever definitions

Group Overall incidence (at least once) 95% CI Incidence per report 95% CI
0-17 48.9 42.855.0 7.9 6.8 9.1
18-24 41.1 34.28.2 6.8 5.6 8.2
25-34 44.4 40.918.0 6.4 587.0
35-44 48.2 44.%1.5 7.4 6.8 8.0
45-64 50.1 47.%2.5 6.3 5.9 6.6
65+ 33 29.137.0 2.9 2532
Male 39.7 37.342.2 4.6 43 49
Female 49.6 47.81.5 6.9 6.6 7.2
East Midlands 45.4 39.21.7 5.6 4.8 6.6
East England 44.9 4049.5 5.8 5.1 6.5
London 42.3 39.5.6 5.1 4755
North East 45.1 35.29.3 6.8 5.3 8.7
North West 46.2 41.61.4 6.5 5774
Northern Ireland 62.5 49.84.3 9.7 7.312.6
Scotland 44.9 39.30.7 5.9 5.1 6.8
South Central 48.9 4483.6 6.0 5.36.7
South East Coast 47.9 4258.2 6.5 57 7.4
South West 495 44.84.4 6.8 6.0 7.6
Wales 43.8 36.%0.9 6.4 537.6
West Midlands 445 38.80.3 5.2 4.4 6.0
Yorkshire & Humberside 50.3 445%6.0 6.6 5.8 7.6

The highest incidence of ILI in any age group came the week ermigmber 23, in
children under the age of 18. In the following week, which coincidedseghbol closures for
the Christmas holidays, there was a substantial fall in casewler 18 year olds, but a small
rise in incidence in the older age groups. With the re-opening aokghthere was a
corresponding increase in cases of ILI in the youngest age groupoldéreage groups,
particularly the 19-45 year olds, had a similar pattern to therur8lgear olds, but slightly
delayed. This pattern was repeated on a smaller scale whechthwssbroke up for Easter
holidays, with the older age groups having a slightly delayed peak.eFlgeshows weekly
incidence by age group, with shaded areas representing school hotillagagh we note
that there is some local variation in holiday dates (http://wwhitenandates.co.uk/). The
bottom portion of the graph gives the percent positivity of laboyatonfirmed Influenza A
and Influenza B reported by PHE’s Respiratory DataMart sy$idin The increase of ILI
just before the Christmas holidays corresponds to an increaseludnitd B recorded by
PHE [14]. The peak in ILI incidence later in the season corresgoratsincrease in cases of
Influenza A. The first week of reporting is not included on Figurketause first week
reporting may be inflated due to participants reporting illness aymtentially longer time
period.



Figure 1 Weekly incidence by age groupHighlighted areas show school holidays (taken
from http://www.halftermdates.co.uk/ and may not be representativatioé @opulation).
The lower panel shows the proportion of samples testing positivenfluehza A and
Influenza B. The Respiratory DataMart System is a laboragoryeillance tool to monitor
influenza and other respiratory viruses based on collated lab resoits network of Public
Health England (PHE) and NHS laboratories in England. Respirateaps from primary
and secondary care are tested for a variety of viruses wvsaigime polymerase chain
reaction (RT-PCR) assays. Weekly results are published in Hte National Influenza
Report
(http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Seadsbiu@nza/Epidemio
logicalData/O3influsweeklyreportpdfonly/) First week of reportilg not included as
responses may include all cases of ILI since the previous season.

Risk factor analysis

Results of multivariate analysis for factors influencing tis& of reporting at least one
episode of ILF“P© are found in Table 7. Working with groups of patients and the eldey

not found to have an effect on havingAt1°. Our findings suggest that not being vaccinated
against influenza was associated with the highest odds of gt at least once (OR

1.94, 95% CI 1.66, 2.27). Having an underlying health condition such as asththizdoetes

also substantially increased participant’s odds of reportingast lone 1LF“°© (OR 1.53,

95% CI 1.27, 1.83). Other factors showing an association included being fédRl1.52,

95% CI 1.33, 1.73) having daily contact with large groups of children (OR 1.47, 95% C
1.22, 1.77), smoking (OR 1.32, 95% CI 1.07, 1.64), and being aged between 35 and 64. (35-
44 OR 1.62, 95% CI 1.11, 2.08; 45-64 OR 1.55, 95% CI 1.14, 2.10)

Table 7Risk factors of having at least one ILI using ECDC definition

Variable OR 95% ClI P
Female 1.52 1.33 1.73 0.03
Unvaccinated 1.94 1.66 2.27 <0.001
18-24 0.95 0.64 1.42 0.80
25-34 1.12 0.81 1.55 0.50
35-44 1.42 1.04 1.94 0.03
45-64 151 1.12 2.03 0.007
65+ 0.95 0.65 1.38 0.79
Contact with children 1.47 1.22 1.77 <0.001
Live with children 1.10 0.95 1.28 0.305
Smoker 1.32 1.07 1.64 0.01
Take public transport 0.91 0.78 1.05 0.183
Underlying health condition 1.53 1.27 1.83 <0.001
Employment status 0.92 0.78 1.10 0.066

People who took public transport were at no greater odds of reportifig’Slthan people
who did not (OR 0.91, 95% CI 0.78, 1.05). Likewise, there was no statistsigtificant
difference in the odds of reporting AP° by region. Multivariate results using the stricter
ILI™®" definition were similar, and can be found in Additional file 1: Appengix
Multivariate results removing children from the analysis wédse aimilar and are found in
Additional file 1: Appendix 3.



Discussion

Our results show that online ILI surveillance can be an effed¢tee for measuring ILI
incidence, and that volunteers are willing to take part in ILIallance. The analyses shown
in this paper highlight the advantages of community surveillance bfcdimpared to
traditional GP surveillance techniques. Six percent of all sympéports were positive for
ILI in the 2012-2013 flu season based on a sample of 4523 participdéinés standardised
by age to the UK population, this corresponds to an incidence of 6.3 per $00 payeks.
As in previous years, we showed that incidence was lowest igipants over 65. This is in
part because individuals over 65 were more likely to be vaccinateck Weee no significant
regional differences. Our results show that people with underlgealth conditions were
more likely to report ILI, a similar result to that found usinigplone surveillance in the
United States [15].

In our study, females were more likely to report ILI. This grattwas still evident when
adjusting for living with children, or for daily contact with grougfschildren (which would
include teachers and nursery workers). This same pattern wasetbgea study of healthy
adults in Australia [16]. We speculate that females may bee rikely to take care of
symptomatic individuals, and therefore be exposed to illness orhthatifferent influenza
rates in females may be due to physiological differences [17].

The highest rates of ILI were in the youngest age categoryggreement with other
community-based findings [18]. The decline in incidence is coincidetit @hristmas
holidays, and the resurgence of cases in this age group in the nevafy@aschools had
reopened, is similar to other data [7,19-21]. The observation that inciohetiee 19-45 year
olds lagged behind the youngest age group, suggests that under 18s mhyohghe the
illness back to their families.

Our results also show that taking public transport does not incyeaseisk of reporting an
ILI regardless of definition used. Analyses from other European cesrdrd over different
seasons confirm this finding [Van Noort S, Codeco C, Kopperschaar Rafest M, Gomes
M: Influenzanet: ILI trends, behaviour and risk factors in cohorténtgfrnet volunteers,
submitted, 22], though others have found the opposite [23].

Our results suggest that influenza vaccination gives some protegaams@alLl. With any

definition of ILI considered, not being vaccinated was the greatedigbor of reporting an
ILI. This result is consistent with results from previous yegd. Some ILI was still

reported in participants who reported vaccination. This can in paattbleuted to the fact
that the vaccine is only effective against influenza and wenaeesuring ILI some of which
will not be due to influenza. Restricting the analysis of our datéhé¢ largest peak of
virologically confirmed influenza {8 of December through 30of December), the OR for
being unvaccianted increased to 2.14 (95% CI 1.68, 2.74).

Strengths and weaknesses of the study
The use of internet based surveillance has a number of limitations.

All of our data are based on self-reports of symptoms. As su@revenable to comment on
influenza, only on ILI. However, most GP surveillance is also baseHdlssince most cases



are not virologically confirmed. There is little information on #pecificity and sensitivity of
ILI during the influenza season. As shown by Figure 1, our measoogdemnce of ILI
corresponded well to virological surveillance recorded by PHEIlYdeeeekly swabbing of
Flusurvey participants would be used to assess the proportion cdset that are confirmed
influenza. Currently the costs of swabbing have not allowed this. Howegvould like to
attempt this in the future.

Our sample does not represent a random sample; by nature dfigs das biased towards
internet users, and people who are willing to fill in surveys. Aalidily Flusurvey

participants are more likely to be from London, be female, hale fastors and be

vaccinated than the UK general population. Other methods such as telephone stevealhan
be used to overcome these limitations [15,24], however these sunwitiecttniques are
more expensive, time absorbing, have representativeness problehesradvin, and still

have the problem of self-reports of ILI.

Our decision to exclude first reports in incidence estimatey mave caused us to
underestimate the overall amount of ILI in our sample. When includisigréports, 7.8%

(95% CI 7.6, 8.0) of total symptom reports were positive. When removstgdéports 6.0%

(95% CI 5.7, 6.2) were positive. However, the survey asks particigaisyi had had any
symptoms since the last time they logged in, so participams feports may reflect
symptoms that occurred outside the current flu season.

Our risk factor analysis is restricted to the questions tleatisked at the beginning of the
survey. Our multivariate analysis suggests that being under thef 48eis not a risk factor
for reporting ILI. However, being in contact with groups of childierSimilarly, living with
children was not seen to be a risk factor, but this is colingarlveing a child. As a result,
due to the wording of this question, it is difficult to understand theigatpdns of these
results. If we had asked the question in another way, for example, are you avhadwlbrks
with children, we may have been better able to separatefdwsedf working with children
versus being a child. It is plausible that living with childrea rssk factor, but the colinearity
with being a child masks this relationship. Sensitivity analysis stlomo substantial
difference in results when children were removed from the analysis.

Flusurvey does have many strengths. In effect the survey ®o$ian online cohort. We
were able to attribute illness directly (although anonymously)individuals, thus
understanding their individual risk factors. This is in comparison terathline influenza
tracking sights such as Flu Near You (https://flunearyou.org/) wisiccun in the United
States. They do not ask background questions about individual risk factdrsan therefore
only report on influenza prevalence. Flutracking (https://www.flkiragnet/), based in
Australia, only asks about gender, age, and working with patients. Rhudyrvey and the
other members of Influenzanet ask in-depth questions about riskstadtoe data are
available in real-time allowing rapid examination of these risk facaod the effectiveness of
control programmes. Finally, the size of the cohort can be expandedydittle additional
cost.

Conclusion

Overall we found that 6.0 percent of all symptoms surveys weraveosit ILI in the 2012-
2013 flu season based on a sample of 4523 participants. Age standaoditherd WK



population this corresponds to an incidence of 6.3 per 100 person weeksed-ezpalted
higher incidence of ILI than males, and the highest incidencenwasdier 18 year olds. This
internet-based cohort has confirmed that failure to be vaccinatetheanost important risk
factor for ILI during the 2012-13 influenza season in the UK. It heg démonstrated that
public transport use does not appear to be a risk-factor for ILIeakemoking and having a
pre-existing health condition are. Such patrticipatory surveillapst®ms have the ability to
provide reliable information to policy-makers in close to real-time.
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