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Syndromic surveillance provides information
necessary to monitor trends in disease inci-
dence and implement and evaluate response
plans.1,2 To date, most efforts have focused on
developing systems based on data from in-
patient and ambulatory care health records.3

In a majority of high-income countries, in-
cluding the Netherlands, influenza surveil-
lance is based on a combination of reports of
influenza-like illness (ILI) collected by sentinel
surveillance clinics and additional microbio-
logical testing of subgroups of symptomatic
patients.4 This type of system excludes symp-
tomatic patients who do not visit a general
practitioner, and such patients are likely to
account for the majority of cases in most
influenza outbreaks.5

Many communicable diseases (e.g., influ-
enza, severe acute respiratory syndrome, mea-
sles) spread largely between socially connected
individuals, such as household members and
schoolchildren, and they often occur in clus-
ters.6,7 Therefore, cases of infection are expected
to cluster in social networks (i.e., contacts of an
infected individual are infected at a level of
probability higher than that expected if the
distribution was random), and clusters can be
detected via local social networks of individuals
reporting symptoms.

Increased Internet use facilitated the emer-
gence of participatory surveillance (PS) sys-
tems, which enable real-time monitoring of
diseases through regular submission of syn-
dromic information by volunteers.8,9 These
systems provide information that is not col-
lected in regular surveillance, such as the
proportion of symptomatic individuals who
actually visit a general practitioner and the
proportion who are hospitalized.

To test the feasibility of eliciting information
about infections in local networks of symptom-
atic individuals, we combined a chain recruit-
ment method with existing online PS platforms.
Under certain conditions, such a recruitment

method permits stepwise and controlled sampling
of contacts of contacts, and so forth, in social
networks in the general population.10 We
asked PS volunteers to complete a question-
naire and to invite their contacts into the
study. In this way, we collected data on chains
of contacts to analyze whether other symp-
tomatic individuals could be detected via
the local social network of symptomatic re-
spondents. Our aims were to determine
whether respondents can be recruited via
respondent-driven detection, to report on
which individuals are reached, and to assess
whether there is clustering of symptomatic
patients.

METHODS

Between March and June 2014, we invited
volunteers from 2 Internet PS panels in the
Netherlands to complete Internet-based sur-
veys focusing on upper respiratory tract

infections. We asked them, in completing the
surveys, to provide information on their
symptoms and to invite 4 individuals with
whom they had had face-to-face contact in
the preceding 2 weeks to participate in our
study (Figure 1). Participants could invite
contacts via e-mail, by providing their own
e-mail address and receiving 4 invitations for
forwarding (indirect invitations), or by pro-
viding e-mail addresses of contacts who were
then invited via the system (direct invita-
tions). They could also invite friends via
a private Facebook message. Individuals
were able to opt out and provide reasons for
not participating.

We use panel A to refer to a PS system
collecting ILI data during the winter seasons.11

Each week, registered volunteers were
reminded via an electronic newsletter to report
any symptoms they had experienced since their
last log-in. Panel A’s 12 957 active volunteers
in the Netherlands were invited to participate
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in the respondent-driven detection survey, and
repeated requests (a total of 3) asking them to
do so were placed in the weekly newsletter
they received.12 Panel B refers to a comparable
system collecting data on pneumonia; the 1691
volunteers in this panel were first invited to
participate in the respondent-driven detection
survey with a bulletin and then were reminded
once as part of their regular newsletter.13 The
majority of panel A members were healthy
volunteers of various backgrounds, whereas
panel B consisted primarily of patients with
asthma and chronic obstructive pulmonary
disease.

“Seeds” indicate volunteers from the 2
panels, and “recruits” were invited contacts
who completed the questionnaire. Waves de-
note consecutive subsamples (seeds in wave 0,
recruits invited by seeds in wave 1, and so
forth). Network trees denote chains of con-
nected respondents. We refer to seeds enrolled
via panels A and B as the ASeed and BSeed
groups, respectively; recruits in consecutive
waves as the ARec and BRec groups; and the
overall samples as ASeedRec and BSeedRec.
After completing their questionnaires, partici-
pants were referred to a research Web site
displaying the latest results (e.g., anonymous
network trees). ASeedRec participants who
completed the survey had the opportunity to
join a raffle for 1 of 10 gift cards of €25. More
details on the survey system are provided in
Appendix A (available as a supplement to this
article at http://www.ajph.org) and in Stein
et al.10

Questionnaire

Participants were asked to provide the
number of contacts with whom they had
interacted (i.e., with whom they had touched or
talked within a distance of about one arm’s
length) during 1 full day (“yesterday”). Contacts
needed to be specified by age group and
location (contact at home, work, or school; at
the house of friends or family; and in other
places). Participants were asked to report, from
a predefined list, any clinical symptoms they
had experienced during the preceding 2 weeks
(Table A, available as a supplement to this
article at http://www.ajph.org). Those with
symptoms were asked for day of onset, symp-
tom duration, presumed disease, whether they
stayed at home, whether they visited a general
practitioner, whether they had used any med-
icines, and whether they knew any people (not
restricted to contacts from the preceding day)
who had similar symptoms in the past 2 weeks.
For each participant, we also collected infor-
mation on age, gender, education, postal
code, household size (including age groups
of household members), influenza vaccination
status, work or study location, and contact
with groups at high risk for influenza infection
during a regular workday. If they so chose,
participants could complete questionnaires
for their children.

Data Analysis

We excluded participants living outside the
Netherlands. We compared the sociodemo-
graphic characteristics of PS participants, indi-
viduals who volunteered in our survey (seeds),
and individuals recruited via respondent-driven
detection. Also, we conducted the Pearson v2 test
to assess the samples’ representativeness relative
to the general population. Data on the demo-
graphic characteristics of the general population
were obtained from Statistics Netherlands.14

We computed marginal effects via multilevel
logistic regression for the combined samples
to assess which sociodemographic character-
istics were associated with invitations to
contacts (Appendix A). To analyze the geo-
graphical spread of recruitment, we plotted
seeds and total samples separately at the
4-digit postal code level. We used the great
circle distance computation (i.e., the shortest
distance between 2 points on the surface of
a sphere, measured along the surface of the

sphere) to assess the distance participants
commuted between home (postal code) and
their work or study locations. Geocoding
was used to convert entered locations into
coordinates.

We defined ILI as a combination of fever
and at a least headache or muscle pain and at
least a cough or sore throat. This definition was
similar to the one used for panel A, although
that definition also included sudden onset of
symptoms and a fever of at least 38° Celsius.12

A common cold was defined as a runny nose,
cough, and sore throat. Participants with ILI or
a common cold who reported symptoms that
began more than 3 weeks before they partic-
ipated were excluded. We computed second-
ary attack rates (i.e., proportion infected among
assumed susceptible contacts of an infected
participant) in the affected households by
assuming that only one household member was
a patient with a primary community-acquired
case. We analyzed whether symptomatic par-
ticipants recruited more other symptomatic
participants than those who reported no
symptoms. We compared symptomatic con-
tacts recruited by symptomatic seeds and
symptomatic contacts recruited by asymptom-
atic seeds with respect to whether they had
“at least one symptom” or whether they had
a common cold, fever, and ILI. We also com-
pared ILI incidence rates based on regular
surveillance by the Dutch Sentinel Network
(NIVEL15) with estimates obtained from panel
A and our survey population. Statistical analy-
ses were performed in R (version 3.1.1).16

RESULTS

Overall, 1448 individuals (1177 in ASeedRec
and 271 in BSeedRec) completed our question-
naire during March to May 2014 (Figure 2; see
also Figure A, available as a supplement to this
article at http://www.ajph.org). We excluded
288 responses for the following reasons: mul-
tiple participation (19), residence outside the
Netherlands (115), and incomplete informa-
tion (154; Appendix A). Our survey was dis-
tributed within all provinces in the Netherlands
(Table B, available as a supplement to this
article at http://www.ajph.org). The age distri-
butions of both panels differed from that of the
general population in that they were shifted
toward older age groups. Ages varied from 3 to
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FIGURE 1—Differences between contact

persons and recruits in the sample.
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97 years in ASeedRec and 17 to 82 years in
BSeedRec (Figure B and Table C, available as
supplements to this article at http://www.ajph.
org). The age distributions of ASeedRec and
BSeedRec differed significantly (Kolmogorov---
Smirnov P< .001). Relative to the general
population, women, those with higher levels of
education, those with a household composed of
2 adults, and those who had been vaccinated
against the flu (self-reported) were strongly
overrepresented in ASeedRec, BSeedRec, and
panels A and B (Table 1).

Participants reporting symptoms were 6.1%
(95% confidence interval [CI] = 5.4%, 6.9%)
more likely to invite contacts to take part than
were participants without symptoms. Those
with a bachelor’s degree or higher were 5.2%
(95% CI = 4.6%, 5.8%) more likely to invite
contacts than those at lower educational levels.
Men were 8.6% (95% CI = 7.6%, 9.6%) less
likely than women to invite contacts, and

participants recruited via panel B were 6.4%
(95% CI = 5.7%, 7.2%) less likely to do so than
those recruited via panel A. The latter differ-
ence might have been due to the incentive
offered to panel A participants. Participants’
age did not seem to influence their probability
of inviting contacts to take part.

Overall, 171 panel volunteers and invited
contacts opted out via the link in the invitation
or the survey Web site; 109 of these individ-
uals provided one or more reasons, of whom
88.3% indicated that they did not want to
invite or provide information about their con-
tacts. Five (4.6%) individuals indicated that
they had participated before and had received
an invitation from another person in the same
network tree.

Recruitment via Panel A

A total of 792 seeds were enrolled via panel
A (the ASeed group; 6.1% of panel A). Overall,

385 recruits completed the questionnaire in
165 network trees (the ARec group); 30.9% of
these trees had 2 or more waves, and one of the
trees reached 6 waves. On average, ARec
recruits invited more contacts than individuals
in ASeed (Table D, available as a supplement to
this article at http://www.ajph.org). In ASee-
dRec, a total of 1802 invitations were sent out
via the recruitment page (Table E, available as
a supplement to the online version of this
article at http://www.ajph.org). Because all
panel volunteers were invited in batches
spread over 1 week, we do not know exactly
how fast volunteers responded to invitations;
however, 443 (55.9%) seeds participated
within the first week after the initial invitation
was sent. Recruits in ARec responded, on
average, within 2.1 days (SD=4.1); 43.1%
did so on the day of the invitation.

Seeds lived in a total of 636 (15.7%) of
a possible 4061 postal code areas; we reached
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FIGURE 2—Overview of the sample composition by (a) participatory surveillance panels, seeds, and recruits taking part in the study, and (b)

number of participants by wave and gender: The Netherlands, 2013–2014 influenza season.
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another 140 (3.4%) areas through recruitment
(Figure C, available as a supplement to the
online version of this article at http://www.ajph.
org). In the ARec group, 141 (36.6%) mem-
bers had the same postal code as their recruiter.
In ASeedRec, 800 (68.0%) participants pro-
vided a school or work location outside
their home. On average, these partici-
pants commuted within a radius of
12.2 kilometers (range = 0.03---179.8);
73.3% commuted within a 15-kilometer
radius, and 86.0% commuted within their
province of residence.

Panel A’s mean age of 52.0 years was higher
than that of the general population; conse-
quently, ASeed members also had a high mean
age of 54.9 years. The mean age of the ARec
group was 49.0 years, indicating ASeed
members’ recruitment of individuals from
a younger age group. Related to the high mean
age was the overrepresentation in panel A and
ASeedRec of households with only 2 adults
(ARec contained 9.4% more individuals with
a household of 4 or more members than
ASeed). The overrepresentation of women and
highly educated individuals in ASeed relative
to the general population decreased through
peer recruitment, with 3.5% and 7.2% in
ARec, respectively (Table D).

In ASeedRec, 565 (48.0%) participants
reported at least one symptom; 59.5% of these
participants reported that they knew at least
one contact person with similar symptoms.
Symptomatic participants mostly identified
similar symptoms among household members,
family members, and colleagues (Figure 3a).
Headache, muscle pain, and common cold
symptoms were most frequently identified
among contacts (Figure D, available as a sup-
plement to this article at http://www.ajph.org).
ASeedRec had crude attack rates of 7.5% for
common colds and 2.5% for ILI. We estimated
corresponding secondary attack rates of 29.7%
and 43.2% (Table F, available as a supple-
ment to the online version of this article at
http://www.ajph.org).

Overall, 17% (P= .001) more contacts with
at least one symptom were recruited by ASeed
members with symptoms than by members
without symptoms (Table 2). Similar results
(although less strong) were found for common
colds (10.9%; P= .061) and fever (14.3%;
P= .015). There were 28 ASeed members
with ILI, and only one contact with ILI was
recruited by a seed without ILI. As a result of
the participation of a relatively high proportion
of panel A volunteers with ILI in ASeed,
the observed proportion of symptomatic

individuals in ASeedRec in March 2014 was
higher than the proportion in panel A by
a factor of 10.4 and higher than the proportion
in NIVEL by a factor of 68.8.17

Among the 29 ILI patients, 23 reported
in total 73 contacts with similar symptoms.
Participants in ASeedRec reported a total of
22 204 contacts (mean = 18.9 contacts, me-
dian = 10.0, SD = 27.2). By taking participants’
number of contacts and contacts with similar
symptoms into account, we computed the pro-
portions of ASeedRec members and reported
contacts with symptoms during the month of
March; these proportions were higher by a fac-
tor 1.8 relative to panel A and by a factor of
11.8 relative to NIVEL (Figure 3b).

Recruitment via Panel B

A total of 223 seeds were enrolled via panel
B (the BSeed group; 13.2% of panel B). In total,
48 recruits completed the questionnaire in
29 network trees (the BRec group); 17.2% of
these trees reached 2 waves. On average,
recruits in BRec invited more contacts than
seeds. A total of 340 invitations were sent in
BSeedRec (Table E). The majority of BSeed
members (95.5%) participated in the first week
after receiving the initial invitation. BRec
members responded on average within 2.6

TABLE 1—Comparisons of Sociodemographic and Health-Related Indicators: General Dutch Population and the Study Samples, 2014

Dutch Population,a

% or Mean (SD)

Panel Ab ASeedRec Sample Panel B BSeedRec Sample

Indicator % or Mean (SD) P % or Mean (SD) P % or Mean (SD) P % or Mean (SD) P

Female 50.5 57.4 < .001 66.5 < .001 64.8 < .001 57.6 .023

Age, y 40.2 (23.0) 52.0 (16.2) . . . 53.0 (14.8) . . . 55.0 (13.7) . . . 56.8 (12.6) . . .

Educational level, bachelor’s degree or higher 18.9c 56.1 < .001 58.9 < .001 43.2 < .001 50.6 < .001

Single-member household 16.7d 19.5 < .001 26.2e < .001 17.8 .238 20.7e .095

Household with only adults 25.7d 42.8 < .001 48.3 < .001 51.3 < .001 59.4 < .001

Household with children 24.3d 27.9 < .001 25.6 .344 30.9 < .001 19.9 .104

Daily contact with patients 12.2 9.6 < .001 11.2 .345 . . . . . . 11.4 .788

Vaccinated against seasonal influenza in past 12 mo 23.8 36.1 < .001 37.9 < .001 48.4 < .001 56.4 < .001

Asthma or chronic obstructive pulmonary disease 7.4 12.4f < .001 3.6g < .001 34.4 < .001 20.7g < .001

Allergy 8.5 55.9 < .001 6.6g .024 32.9h < .001 7.7g .738

aBased on data provided by Statistics Netherlands.14
bBased on information from Influenzanet.12
cWith respect to educational level, Statistics Netherlands14 provides data on the population aged 15–64 years.
dStatLine provides information only on the number of children in the household, regardless of age.
eForty ASeedRec participants and 6 BSeedRec participants did not provide information on household members and were assumed to live alone.
fAlso includes panel A volunteers with lung disease.
gWe asked participants about these risk conditions only if they reported symptoms.
hPanel B volunteers were asked about hay fever and allergy.
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days (SD=5.3); 41.7% responded on the day
of the invitation.

BSeedRec covered 233 (5.7%) postal code
areas, indicating that almost every participant
lived in a different area (Figure C). Twenty-two
BRec recruits (45.8%) had the same postal

code as their recruiter. In BSeedRec, 115
(42.4%) participants provided a study or work
location outside their place of residence. On
average, these participants commuted within
a 11.4-kilometer radius (range = 0.1---83.3);
79.1% commuted within a 15-kilometer

radius, and 81.7% commuted within their
province of residence.

Relative to the general population, women
were slightly overrepresented in the BSeed
group (56.5%), and, as a result of the recruit-
ment of predominantly women, this percentage
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increased to 62.5% in BRec. The mean age of
panel B was relatively high, and thus BSeed
also had a high mean age of 57.8 years. The
mean age of BRec was 52.4 years, indicating
BSeed’s recruitment from a younger age group.
Although the mean household size of BSeed
was similar to that of the general population, the
mean size increased in BRec because a few
recruits had relatively large households (Table D).

In BSeedRec, 161 (59.4%) participants
reported at least one symptom, and 55.3% of
these participants indicated at least one contact
person with similar symptoms. Symptoms were
mostly identified among household members,
family members, colleagues, and school class-
mates. Headache, muscle pain, and common
cold symptoms were again most frequently
identified among contacts, although these re-
sults were less clear than with the ASeedRec
sample owing to the small numbers reported
(Figure D). BSeedRec had overall attack rates
of 8.9% for common colds and 1.1% for ILI
(Table F). The estimated secondary attack rate
for common colds was 36.8%. Seeds with ILI
did not report any household members with
similar symptoms, and they did not recruit any
contacts (Table G, available as a supplement to
this article at http://www.ajph.org).

DISCUSSION

PS systems collect data in real time and include
infected individuals who do not seek health care.9

Here we have described, for the first time (to our
knowledge), the feasibility of sampling volunteers
via PS for an online respondent-driven survey.
Beginning with PS volunteers, our survey was
distributed via peer-driven recruitment in several
waves through all Dutch provinces and reached,

within a short period, individuals from all age
groups, those with a wide range of household
compositions, and those at a variety of edu-
cational levels. Neither PS panel was repre-
sentative of the general population in terms
of basic demographic characteristics; after
recruitment, however, the representativeness
of the overall sample in terms of age and
gender improved slightly.

Combining online communities with
respondent-driven detection might enhance
the identification of symptomatic patients not
detected via conventional surveillance systems.
Such information, combined with data derived
from regular surveillance, can improve esti-
mations of severity indices (e.g., probability
of hospitalization after development of symp-
toms), especially for infectious disease out-
breaks in which the majority of symptomatic
patients do not seek health care.18---20 Through
respondent-driven detection, we increased the
geographical coverage of our ASeed group, in
that recruits mostly resided in regions other
than those of recruiters. Seeds with symptoms
recruited more symptomatic contacts than
asymptomatic seeds, at least with regard to
experiencing general symptoms, common
colds, and fever. Symptomatic participants
mostly reported similar symptoms among their
close contacts. This might have been due to
higher transmission rates among close contacts
but also higher recall rates with respect to
contacts seen most often.

The findings just described indicate that
recruitment of peers by symptomatic partici-
pants led to higher rates of detection of other
symptomatic patients. This is supported
by the fact that symptomatic participants
seemed more likely to invite contacts than

participants who did not report symptoms.
Possibly, recent experiences of symptoms
motivate individuals to recruit others; simi-
larly, it has been observed that PS partici-
pation rates are related to illness status.8

The majority of the volunteers responded
within 1 week after being invited, and many
recruits responded the same day they were
invited, suggesting that information on
symptoms and behaviors can be quickly and
efficiently obtained.

According to different criteria, the partici-
pation rate of panel volunteers can be judged as
either low (considering that 90.7% of panel A
members reported information on their health
status 3 or more times) or high (considering
that no massive communication campaign was
implemented). The invitation of panel B mem-
bers via a special bulletin and the difference in
target groups (e.g., volunteers in panel B had
more chronic health conditions) could explain
the differences in participation rates between
the panels.

Volunteers who enrolled were mostly
women and were more highly educated than
the overall population; overrepresentation of
those groups relative to the general population
is common in PS systems.8,9 Although we
provided participants with the option of com-
pleting the survey for their children, only a few
did so, and children were underrepresented in
our samples. In addition, elderly individuals
were overrepresented in our samples and PS
panels. This high-risk group receives yearly
notifications to obtain a flu vaccination and
might be more interested than younger groups
in influenza-related topics. This, in combination
with our samples’ relatively high mean ages,
might also explain the overrepresentation of

TABLE 2—Detection of Symptoms in Network Chains of Seeds in the ASeedRec Sample: The Netherlands, 2014

Seedsa (A) Recruits by Seeds With Symptoms (B) Recruits by Seeds Without Symptoms (C)

Pb

Symptom Category, No. (%)

Seeds With

Symptoms

Seeds Without

Symptoms

Recruits With

Symptoms

Recruits Without

Symptoms

Recruits With

Symptoms

Recruits Without

Symptoms A vs B A vs C B vs C

One or more symptoms 71 (43.0) 94 (57.0) 109 (69.0) 49 (31.0) 118 (52.0) 109 (48.0) < .001 .099 .001

Common cold symptoms 16 (9.7) 149 (90.3) 4 (16.7) 20 (83.3) 21 (5.8) 340 (94.2) .292 .14 .061

Fever 12 (7.3) 153 (92.7) 4 (18.2) 18 (81.8) 14 (3.9) 349 (96.1) .101 .143 .015

Influenza-like illness 8 (4.8) 157 (95.2) 0 (0.0) 12 (100.0) 1 (0.3) 372 (99.7) > .999 < .001 > .999

aOnly successful seeds (n = 165) were considered in this analysis (seeds who invited a recruit who also completed the survey). Recruits in waves 1–6 were lumped together (n = 385).
bWe used the 2-sample v2 test for equality of proportions with continuity correction to estimate P values. The Fisher exact test was used for contingency tables containing small values (n < 10).
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vaccinated individuals and households with
only adults.

Limitations

Our study involved limitations. Less than
half of all seeds in the 2 samples invited
a contact person, a proportion not sufficient to
generate long recruitment chains. Also, this
percentage was lower than during our earlier
research, in which seeds were first contacted
personally.21Although, similar to earlier online
respondent-driven surveys,22 we used an in-
centive in ASeedRec, only a slightly higher
recruitment rate was observed in this group
than in BSeedRec. Concerns about privacy or
not wanting to bother acquaintances with
a questionnaire were reported and withheld
some participants from sending invitations to
contacts. Even though the majority of Internet
users share information with each other via
social media,23 sending survey invitations
specifically to a few contacts is a step many
participants did not want to take.

Previously, overall attack rates of 2.5%
(95% CI = 2.1%, 3.2%; based on NIVEL5) and
29.2% (95% CI = 21.6%, 37.9%; based on
PS24) were estimated for a typical Dutch in-
fluenza season. In ASeedRec, only one recruit
reported ILI, and a crude attack rate of 2.5%
was observed. Generalization of sample esti-
mates to the general population requires
weighting (e.g., for age) to enable a proper
comparison with NIVEL data. The proportion
of ILI in our sample increased as a result of the
participation of a select group of PS volunteers
with ILI symptoms. Although we were unable
to determine the true enhancement factor in
the proportion of symptomatic ILI patients via
respondent-driven detection, we did observe
a slight enhancement in case detection relative
to ILI surveillance when participants’ numbers
of contacts and contacts with similar symptoms
were taken into account.

The probability of identification of disease
through respondent-driven detection depends
on numerous factors, especially the type of
disease being assessed, the incidence of the
disease, and methodological aspects such as
recruitment of and by symptomatic seeds. Our
survey was launched after the peak period of
a relatively mild influenza season and during
an interval in which the number of active panel
A volunteers was declining.12 Only 8 of the 28

seeds with ILI actually invited a recruit, and
only 12 recruits completed the questionnaire.
Motivation and participation might be much
higher during the increasing phase of an in-
fluenza season and with other perceived
threats of emerging infections.

Conclusions

Our findings in this novel combination of
respondent-driven detection with a large PS
system provide insights into which groups are
reached and indicate that an increased num-
ber of symptomatic patients can be detected
when the underlying connections in a local
social network are used. Although online
peer recruitment involves challenges, we
demonstrated that respondent-driven detec-
tion through PS with large geographical cov-
erage is possible and that timely, detailed
information about respondents and their
contacts can be obtained. Repeating this
type of study during the epidemic peak of
a more severe influenza season will provide
more information on the extent to which
respondent-driven detection enhances disease
surveillance. j
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