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Abstract

Background: Early detection of symptoms arising from exposure to pathogens, harmful substances, or environmental changes
isrequired for timely intervention. The administration of Web-based questionnairesis apotential method for collecting information
from a sample population.

Objective: The objective of our study was to develop a Web-based daily questionnaire for health (WDQH) for symptomatic
surveillance.

Methods: We adopted two different survey methodsto develop the WDQH: an Internet panel survey, which included participants
already registered with an Internet survey company, and the Tokyo Consumers Co-operative Union (TCCU) Internet survey, in
cooperation with the Japanese Consumers' Co-operative Union, which recruited participants by website advertising. The Internet
panel survey participants were given a fee every day for providing answers, and the survey was repeated twice with modified
surveys and collection methods: Internet Panel Survey | was conducted every day, and Internet Panel Survey Il was conducted
every 3 days to reduce costs. We examined whether the survey remained valid by reporting health conditions on day 1 over a
3-day period, and whether the response rate would vary among groups with different incentives. In the TCCU survey, participants
were given afee only for initially registering, and health information was provided in return for survey completion. The WDQH
included the demographic details of participants and prompted them to answer questions about the presence of various symptoms
by email. Health information collected by the WDQH was then used for the syndromic surveillance of infection.

Results. Response rates averaged 47.3% for Internet Panel Survey |, 42.7% for Internet Panel Survey |I, and 40.1% for the
TCCU survey. During a seasonal influenza epidemic, the WDQH detected a rapid increase in the number of participants with
fever through the early aberration reporting system.

Conclusions: We developed a health observation method based on self-reporting by participants via the I nternet. We validated
the usefulness of the WDQH by its practical use in syndromic surveillance.

(J Med Internet Res 2011;13(3):€66) doi: 10.2196/jmir.1872
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World Health Organization's International Health Regulations
to prevent the global spread of illness [1]. Early detection of

The collection of health crisisinformation hasbeen animportant  Néalth events related to exposure to various pathogens, harmful
task in every country since the 2005 implementation of the
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substances, or environmental changesisindispensablefor timely
intervention to minimize health crises.

Syndromic surveillance is a method used to investigate
epidemics of infections [2-5]. Unlike sentinel surveillance,
which uses a traditional definitive diagnosis and pathogen
identification, this method encompasses the surveillance of
symptoms. For example, thistype of surveillance has been used
at medical institutionsto determine the number of patientswith
fever, cough, diarrhea, or vomiting, and changesin the number
of absenteesfrom school or theworkplace, sales of commercial
drugs, and prescriptions [6-8]. Syndromic surveillance is
important as ameans of gathering information during the early
stages of an epidemic, and it has practical application in many
countries. Thus, an effective means of collecting daily health
information from people directly and quickly is desirable.

Use of the Web to perform an epidemiological survey was
reported in 1996 [9]. This method has since been applied to
national-scale surveys in various countries where residents
voluntarily input information on influenza-like symptoms
directly into a dedicated website so that epidemiologists can
gain an understanding of the influenza epidemic [10-13].

To broaden the range of such a survey in terms of contributors
and infectious diseases, we developed and conducted a daily
health survey of the general population using the Internet and
named this survey the Web-based daily questionnairefor health
(WDQH) [14]. We report the methodology of data collection
and processing of the WDQH and clarify its use in syndromic
surveillance. We performed this study with participantsin panels
registered at Internet survey companies. In addition, we
investigated amethod for the long-term operation of the survey
by reducing the cost of each individual survey.

Methods

Recruitment

Two different methods were used to recruit participants for the
WDQH. Firgt, Internet panel surveys comprised people who
were already registered with an established Internet survey
company. Second, the Tokyo Consumers’ Co-operative Union
(TCCU) Internet survey comprised members of the TCCU, in
cooperation with the Japanese Consumers’ Co-operative Union
(JCCU), who were invited to participate via advertising on the
company website.

An Internet survey company conducts questionnaire surveys
viathe Internet. For survey participants registered in advance,
questionnaires and a response column are displayed on the
website for the respondents to complete and transmit their
responses. Additionally, the Internet panel survey was repeated
twice with different survey and collection methods (Internet
panel surveys | and Il). In the Internet panel surveys, the
respondentswere registered as panel memberswith the company
and were residents of 1zumo City (150,000 inhabitants) in
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western Japan, which had 89.5% Internet coveragein 2008. The
youngest respondent was 16 years old. The respondents also
provided information regarding symptoms in family members.
Internet Panel Survey | was conducted daily between December
1, 2007, and March 28, 2008, among 245 respondents who were
paid 60 yen (US$0.75;US $1.00 = 80 yen at thetime of writing)
per survey completed. A reminder email was sent daily to those
who agreed to participate. Internet Panel Survey | included 702
registrants. Respondents were those who completed the survey,
and all family membersincluded in the survey were considered
to be participants.

In Internet Panel Survey 11, conducted between January 8 and
March 13, 2009, we examined changes in the data acquisition
method to reduce survey costs. We investigated whether
reporting health conditions once every 3 days could reduce
survey costs. Internet Panel Survey 1l was conducted
continuously with 264 respondents and included 716 registrants.
The respondents were divided into groups A, B, and C, and
each group was surveyed by shifting the survey date by 1 day
to determine the applicability of recall for 1-in-3-day reporting.
Thus, groups A, B, and C received the questionnaire on days
1, 2, and 3, respectively. For example, the data on survey day
1 included symptoms that were experienced on the current day
by group A, on the day before the survey day by group B, and
2 days before the survey day by group C. Thus, on survey day
1, responses were obtained from all the respondents (Figure 1).
Each group was divided randomly. A reminder email was sent
to each group on the survey day.

We al so investigated whether the response rate varied according
to the incentive. Each group was further divided into three
subgroups in which the members were given a reward of 40
(US$0.50), 60 (US $0.75), or 80 yen (US $1.00). Theresponse
rates were then investigated.

Inthe TCCU survey, we examined methods of collecting health
information from the city’s residents without the use of an
Internet survey company. The respondents were those who
accessed thewebsite of the TCCU’shome delivery servicesand
applied to participate in the survey, which was advertised with
an onscreen banner. Participantswere recruited between January
15 and January 31, 2009, and any applicant could participate.
There were 427 respondents from Tokyo, which had 95.2%
Internet coveragein 2008. They weregiven 100 yen (US $1.25)
for registering. No fee was paid for each survey, but health
information was provided to the participants in the relevant
residential areas based on survey results. The TCCU survey
was conducted in cooperation with the JCCU, which has 1
million membersin Tokyo among a population of 12.3 million.
The TCCU has a strong corporate philosophy regarding food
safety and understanding the health concerns of consumers.
Many respondents were homemakers, as the proportion of
female respondents was 97.6%. They provided information
about themselves and family members, providing 1453
participants, who were 49.5% male and 50.5% female.
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Figure 1. Datacollection method for Internet Panel Survey I1.

Response M ethod

On the day of the survey, the survey administrator sent a
reminder email to all those recruited. Respondents accessed the
password-protected website designated in the email and
responded to the questions. The questionnaire ascertained
whether respondents or their family members had any
symptoms. The gender and age (in 5-year intervals) of those
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who developed symptoms as well as their specific symptoms
(Table 1) were noted. In Internet Panel Survey |, 6 symptoms
associated with diseases of infection and bioterrorism were
selected. In Internet Panel Survey 11 and in the TCCU survey,
12 symptoms associated with seasonal allergic diseases and
changesin body conditionswere added, and “fever” wasdivided
into “slight fever” and “high fever.”
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Table 1. Itemsin the three surveys

Sugiura et a

Internet Panel Survey |

Internet Panel Survey 11 (TCCU? survey)

Fever
Cough
Diarrhea
Vomiting
Eruption

Convulsion

Slight fever

High fever

Runny nose

Cough

Diarrhea

Vomiting

Convulsion

Eyeitch

Eruption

Diagnosis of influenza
Diagnosis of gastroenteritis
Arthritic pain

Muscle pain

Shoulder stiffness
Sneeze

Skin itch

Rough hands
Sleeplessness

Decreased concentration

aTokyo Consumers Co-operative Union.

These surveyswere conducted with varied symptomsto examine
whether the WDQH could be applied in the surveillance of
various diseases according to symptoms.

Reports by asymptomatic people are essential for calculating
prevalence rates and an analysis of variance by the presence of
symptoms. The symptoms quoted in this survey are common,
particularly during the acute phases of diseases caused by
infection and environmental factors. Thetime of symptom onset
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was determined (<1 hour ago, 1-3 hours ago, 3—-6 hours ago,
6—24 hours ago, 24-48 hours ago, and >48 hours ago) (Figure
2) in Internet Panel Survey I.

In Internet Panel Survey Il and the TCCU survey, only cases
with an onset on the current day were reported. If arespondent
tried to exit the survey without answering all the questions, the
system would alert the respondent in order to prevent invalid
responses.
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Figure 2. Flowchart for all three surveys (TCCU = Tokyo Consumers' Co-operative Union).

Data Processing

The survey also included details such as survey date, presence
of illness in family members, presence of symptomsin family
members, and time of symptom onset in afamily member. Data
entered inthe WDQH were then transmitted to aserver managed
by aresearcher. Subsequently, the records for each household
were subdivided by family member. In Internet Panel Survey
I, the symptom onset dates for participants were determined
from the time elapsed between symptom onset and reporting.
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Those with a symptom onset >48 hours before the survey were
excluded. This was intended to include only people with
symptoms at an acute stage. Personal information was then
deleted (Figure 3).

The final participant records consisted of survey date, presence
of illness and presence of symptoms by participant, and
symptom onset date. Cross-correlation was used during
syndromic surveillance with the collected data to determine the
number of participants by symptom and date.

JMed Internet Res 2011 | vol. 13 |iss. 3| €66 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Sugiura et a

Figure 3. Dataprocessing flowchart for al three surveys (TCCU = Tokyo Consumers Co-operative Union).
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Examplesof UsingtheDatain Syndromic Surveillance

Symptomswere cross-tabul ated to determine the symptom onset
dates and number of participants who developed a particular
symptom. The results were used to prepare time-series graphs
by symptom, with the prevalence of symptoms plotted against
the date. Subsequently, alerts by symptom were reported on the
day when the number of participants who developed the
symptom increased rapidly compared with the baseline of the
previous 10 days using the early aberration reporting system
(EARS) algorithm recommended by the US Centersfor Disease
Control and Prevention [15,16].
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This study was approved by the Ethical Committee of Nara
Medical University (Authorization Code: 220).

Results

Respondents Demogr aphic Characteristicsand
Response Rates

Table 2 presents the number of respondents, gender, age
distribution, number of participants including families of the
respondents, and daily mean responseratesfor thethree surveys.
The numbers of respondents (total number of participants) in
Internet Panel Survey |, Internet Panel Survey |1, and the TCCU
survey were 245 (702), 264 (716), and 427 (1453), respectively.
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Table 2. Demographics and response rates of participants in the three surveys

Internet Panel Survey | Internet Panel Survey 11 TCCU? survey
Number of respondents 245 264 427
Men 44.5% 52.7% 2.6%
Women 55.5% 47.3% 97.6%
Agedistribution of respondents (years)
<29 26.5% 26.9% 4.6%
30-39 43.3% 41.7% 35.3%
4049 21.9% 21.9% 39.4%
50-59 5.8% 7.9% 16.3%
260 2.5% 1.6% 4.4%
Daily mean response rate 47.3% 42.7% 40.1%
Total number of participants 702 716 1453

aTokyo Consumers Co-operative Union.

In Internet Panel Survey |, aconstant response rate was observed
from the initiation to the end of the survey, and there was no
tendency to respond when only 1 symptom was present. The
response rate was 48.7% on weekdays and 44.4% on the
weekend, indicating a significantly higher rate on weekdays (P
<.001). In addition, the percentage of respondents with a100%
response rate was 3.2%, whereas the percentage of those with
no responses was 34.5%. The response of “presence of fever”
was given by 184 participants, including family members of
therespondent. Among these, datafor 2 participantswere given
for thefirst time only when the symptom was present. Thedaily
mean response rate was determined for different ages and
genders. When those aged =60 years were excluded from the
analysis, the lowest response rate was 22.6% for males aged

http://www.jmir.org/2011/3/e66/

<29 years, and the highest response rate was 74.9% for women
aged 50-59 years (Figure 4).

In Internet Panel Survey |1, the response rate was constant from
the initiation of the survey to its end. The response rate was
44.0% on weekdays and 39.9% on the weekend. The percentage
of respondents with a 100% response rate was 6%, and the
percentage of those without a response was 36.2%.

Inthe TCCU survey, the response rate decreased gradually from
the first to the final day. The response rate was 41.5% on
weekdays and 38.9% on weekends. No significant differences
were observed among the groups. The percentage of respondents
with a 100% response rate was 3.3%, and the percentage of
those without a response was 5.9%.
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Figure 4. Population distribution by age in the surveys. Data are presented as the mean and standard deviation, which isindicated by error bars. Age

isgiveninyears.

Elapsed Time From the Development of Symptomsto
a Report

In Internet Panel Survey |, the appearance of symptomswas as
follows: >48 hours ago (59%), 6-24 hours ago (13%), 24-48
hours ago (12%), 3—6 hours ago (3%), 1-3 hours ago (1%), and
<1 hour ago (1%). Of all responses, the daily average reporting
rates by symptom were as follows: cough (8%), fever (3%),
diarrhea (2%), vomiting (1%), rash (0%), and convul sion (0%).

Examplesof Usingthe Datain Syndromic Surveillance
Figure 5 presents a graph for fever in Internet Panel Survey .
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The number of participants with fever was made a parameter.
When the number of personswith fever was 3 or more standard
deviations above the mean of the previousweek, EARS provided
an alert [15]. The number of those who reported febrile
symptoms at history-taking in the outpatient section was made
aparameter. The outpatient symptomatic surveillance reported
8 aderts, whereas the WDQH reported 16 alerts. Because of the
time factor in an epidemic, the presence of an alert within the
gold standard (3 days before to 3 days after symptom onset)
was examined. The sensitivity was 0.43, and the specificity was
0.88. For cough, 8 alerts were reported during outpatient
symptomatic surveillance. In Internet Panel Survey |, 19 alerts
were reported. Similarly, for diarrhea, there were 30 aerts in
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outpatient symptomatic surveillance and 25 alerts in Internet
Panel Survey |. For vomiting, there were 24 aertsin outpatient
symptomatic surveillance and 22 alertsin Internet Panel Survey
I. For rash, there was 1 aert in outpatient symptomatic
surveillance and 10 alerts in Internet Panel Survey 1. For
convulsions, there was 1 alert in outpatient symptomatic
surveillance and 7 alertsin Internet Panel Survey I.

Sugiuraet a

Figure 6 showstheresults of syndromic surveillancein Internet
Panel Survey I1: the number of participants with influenza in
the area (published by the trend of symptom onset), those who
reported cough, and those with fever. During the survey, 9 alerts
each were reported for cough and fever.

Figure5. Resultsof syndromic surveillance conducted in Internet Panel Survey 1. Circles: aertsreported by early aberration reporting system (EARS).
Diamonds: alert occurrence dates coincident with the regional outpatient symptomatic surveillance in medical institutions.
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Figure®6. Resultsof syndromic surveillance conducted in Internet Panel Survey 11. Circles: aertsreported by early aberration reporting system (EARS).
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— investigation days and the number of investigation panels. In
Examination of Methods to Reduce Survey Costs the TCCU survey, the fixed costs for development were the

Table 3 shows the fixed, variable, and total costs for the three  highest. Variable costs were only for incentives paid when
surveys. Initial costs were very low only for screening the participation was declared.
guestions for panel research. Variable costs consisted of the
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Table 3. Survey expenses for the three surveys

Sugiura et a

Internet Panel Survey | Internet Panel Survey |1 TCCU? survey

Fixed cost

Yen 20,000 20,000 2,457,000

uUss 250 250 30,7125
Variable cost

Yen 8,260,000 2,480,000 43,000

uss 103,250 31.000 537.5
Total cost

Yen 8,280,000 2,500,000 2,500,000

uUss 103,500 31,250 31,250

aTokyo Consumers Co-operative Union.

There were 3 respondents in Internet Panel Survey 11. All
respondents gave their answers regarding symptoms that
presented on the same day, providing responses on the day, the
day after, and 2 days after the sentinel day. The response rates
were 42.4%, 43.1%, and 42.7% in groups A, B, and C,
respectively. No significant difference wasfound in the response
rate among the groups.

The response rates by fee paid for a single response were as
follows: 46.7% (40 yen), 39.7% (60 yen), and 41.6% (80 yen).
A 1-way analysis of variance revealed a significant difference;
thus, a multiple comparison test was conducted. Significant
differenceswere observed in the average response rates between
the 40-yen and 60-yen groups and between the 40-yen and
80-yen groups, with agreater response rate in the 40-yen group.

Discussion

We devel oped and validated a health observation method based
on self-reporting by participants via the Internet. We clarified
the usefulness of the WDQH by its practical use for syndromic
surveillance.

Conventional paper-based surveys can be conducted at a low
cost inasmall population, and these surveys do not incur major
initial expensesfor the system. Moreover, combining Web- and
paper-based surveysimprovesthe responserate [17]. However,
although requiring greater up-front costs, the WDQH allows
daily inexpensive repetitive surveys to be conducted in alarge
number of participants, illustrating the advantage of a
Web-based survey [18]. Furthermore, Web-based surveys permit
amore efficient statistical analysis of data by computer. Thus,
cost-effective and rapid surveys of a large number of
participants, with high data precision, have become possible.

Previous studies have reported Internet surveys of asthma and
diet, for example, in specific groups and patients [19,20].
Various countries have been using a method to understand an
influenza epidemic in which residents voluntarily input
information on influenza-like symptoms directly into awebsite.
Thus, this method has been verified with an actual influenza
epidemic and its usefulness has been demonstrated [10,13].

http://www.jmir.org/2011/3/e66/

Although reports are avail able on the surveillance of symptoms
in volunteers, no reports are available on the surveillance of
symptoms of people identified by an Internet survey company.
To promote the robustness of data gathering, the WDQH was
conducted among registered members of an Internet survey
company who were more likely than anonymous respondents
to provide reliable data. Additionally, because the respondents
were recruited from among registered members, only a short
time was required from the decision making at the initiation of
the survey to actual data collection. Thus, this survey provides
valuein this regard.

Rates of 52.6% [21] and 50% [22] have been reported in surveys
that ended after a single investigation. In a meta-analysis
conducted on 68 response rates of sampling surveys, the average
response rate for Web-based surveys was 39.6% [23]. During
surveillance of symptomsin volunteers, some participants who
initially did not respond to the survey responded only when a
symptom was present [13]. In our study, respondents to the
Internet panel surveyswho completed the questionnaire the first
time tended to always cooperate with the survey. This finding
indicates that these surveys are a useful method for reporting
the appearance of symptoms.

There are problems with previous surveillance methods, such
as the length of time required, indirect data collection, and no
data collection during holidays. However, we developed the
WDQH with the objective of acquiring dataimmediately after
symptom onset. In addition, the WDQH allowed data collection
on Saturdays, Sundays, and public holidays. Thus, wewere able
to conduct consistent daily surveillance. Furthermore, we used
preventive measures, such asabranched and stepwise-structured
guestionnaire, to eliminate mistakes and discrepancies in
responses [24].

Internet Panel Survey | confirmed that participants’ health
information could be collected daily viathe Internet. However,
the survey cost was 8.28 million yen (US $103,500), which was
considered too expensive over along period. We thus conducted
both Internet Panel Survey 11, which is economical for a panel
survey, and the TCCU survey, without using the Internet survey
company. In Internet Panel Survey Il, two surveys were
conducted. Thefirst was used to reduce the frequency of surveys
to once every 3 days. Changes in the actual number of
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participants with influenza corresponded with the changes
determined by Internet Panel Survey 11, which was conducted
for syndromic surveillance without impairing data precision.
This method allowed the implementation of a survey 3 times
as long for the same cost as one conducted daily. The cost of
Internet Panel Survey Il was approximately one-half that of
Internet Panel Survey .

The second survey in Internet Panel Survey 11 investigated cash
incentives. The Internet survey company that we used typically
paid a fee of 60 yen for a single response. Surprisingly, the
response rate was highest when the fee was set at the lowest
level of 40 yen. Generally, higher fees act as an incentive for
recruitment, but this study found that the offer of ahigher reward
did not result in a higher response rate. This point has been
supported by a previous study [25]. As there was a sufficient
response with no payment for each TCCU survey, any
cost-associ ated restrictions on the survey period were eliminated.
A fee was paid to the members of the TCCU only for survey
registration, and information about the results was provided to
the respondents. The response rate for the TCCU survey was
lower than that for Internet panel surveys | and Il. However,
even at this lower rate, a large number of members were
included because membership in the JCCU numbers at least 24
million throughout Japan, including 300,000 registered to its
website.

Fromthe WDQH data, we used EARS as an alert so that alevel
measured on the current day that was greater than 3 standard
deviations different from the mean observed level for the
previous week was reported as abnormal. If data are
accumulated for several years, the number of participants can
be estimated by multivariate analyses, where the number of
participants, number of weeks, day of the week, holidays, and
day after holidays are considered dummy variables. However,
in thisstudy, datawere not continuously accumulated for 1 year
or longer; thus, a multivariate analysis was not performed.

Syndromic surveillance could be implemented as a result of
these validations. The Internet survey company in this study
used an existing survey panel. Thetime required from planning
to implementation was short with the use of this company, which
already had its registered members as recruited participants.
Thus, an urgent surveillance can be conducted within 3 days
regardless of the location in Japan. During syndromic
surveillance using the WDQH, measures against a health crisis
can be readily put in place.

Removing selection bias is difficult in Internet surveys. The
population tended to be biased toward young people because
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Internet surveys require respondents to have computer skills.
Introducing an easy system to increase the response rate of older
people could reduce this bias. However, because we believe
that the increase or decrease in symptomsis reliable regardless
of bias, we used EARS for al methods. Cough was often
excluded from previous surveys because most cases of cough
were present >48 hours before the survey, and cough probably
requires a longer time to be recognized as bothersome to the
same degree as other symptoms, such as fever and vomiting.
To use the WDQH for syndromic surveillance, questions to
respondents should be limited to those regarding acute
symptoms, and a system that allows easy reporting within 24
hours should be established in the future.

In this study, we conducted the surveys with the same
respondents. We think that it would be difficult for the
respondents to maintain their interest every day for several
years. For long-term operation of the survey, we consider that
new respondents should be recruited after a certain period.

There are two further applications for the surveys other than
the surveillance of symptoms. First, when environmental data
published later by public institutions, such as average
temperature and atmospheric pressure, are linked to the records
by participant and locality on the same date, a cross-correlation
survey of symptoms and environmental factors can be
implemented. In the future, various daily surveys can be
conducted, such as those for mean air temperature and the
presence or absence of fever. These aretopicsto beinvestigated
in the future.

Another application for the WDQH could be in postmarketing
surveillance of food similar to that conducted for
pharmaceuticals. Food safety is more widely expected by
consumerstoday than it wasin the past. To date, postmarketing
surveillance of food has been conducted in only asingleinstance
for a food additive [26]. A cross-correlation survey using a
consumer database to identify the relationship between daily
symptom data of the respondents obtained by the WDQH and
consumed foods based on salesrecords may allow the reporting
of adverse events when certain symptoms are associated with
specific products.

Conclusions

We developed a health observation method via the Internet
using self-reporting by respondents and validated the method
for itsapplication in syndromic surveillance. The Internet allows
quick, cost-effective epidemiological surveys to be conducted
that would be difficult to conduct by conventional methods.
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