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Abstract

Background: FluWatch is Canada’s national surveillance system that monitors the spread of
influenza. Its syndromic surveillance component monitors the spread of influenza-like illness
(ILI) in near-real time for signals of unusual or increased activity. Syndromic surveillance data
are collected from two main sources: the Sentinel Practitioner ILI Reporting System and
FluWatchers.

We evaluated the representativeness of the most recent participant population to understand
changes in representativeness since 2015, to identify demographic and geographic gaps and
correlates/determinants of participation to characterize a typical participant.

Methods: In this serial cross-sectional study, characteristics of participants during four
consecutive influenza seasons (2015-2016, 2016-2017, 2017-2018 and 2018-2019) were
compared with the 2016 Canadian Census and the 2015-2016, 2016-2017, 2017-2018 and
2018-2019 National Seasonal Influenza Vaccination Coverage Surveys. Associations between
demographic factors and the level of user participation were also analyzed among the
2018-2019 FluWatchers population.

Results: Infants (0—4 years) and older adults (65 years and older) were under-represented in
FluWatchers across all four influenza seasons. Female and urban participants were significantly
over-represented. Vaccination coverage remained significantly higher among the FluWatchers
populations from the past four influenza seasons across all age groups. Level of participation
among FluWatchers was associated with age and vaccination status, but not with sex or
geography. Over its four years of implementation, the FluWatchers participant population
became more representative of the Canadian population with respect to age and geography
(urban/rural and provincial/territorial).

Conclusion: FluWatchers participants under-represent the tails of Canada’s age distribution
and over-represent those who engage in health promoting behaviours as indicated by high
influenza vaccine coverage, consistent with typical volunteer-based survey response biases.
Representativeness would likely improve with targeted recruitment of under-represented
groups, such as males, older adults and Canadians living in rural areas.
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Introduction

FluWatch is Canada’s national surveillance system that monitors
the spread of influenza. It is made up of seven components
that, together, monitor the geographic spread of influenza

and influenza-like illness (ILI), laboratory-confirmed detections,
outbreaks, severe outcomes, strain characterization, antiviral
resistance, and vaccine coverage and effectiveness (1). The
FluWatch syndromic surveillance component relies on data from
two main sources: the Sentinel Practitioner ILI Reporting system
(SPIR), where primary care practitioners report the proportion
of patients presenting with ILI each week (2); and FluWatchers,
a program where Canadian volunteers are prompted to report
whether they have had a cough and/or fever each week (1).
Traditional, clinical-based syndromic surveillance data sources,
such as SPIR, only capture cases of ILI among individuals

who seek medical care (3). FluWatchers was developed as a
complement to SPIR by aiming to track community ILI activity
and to capture the spread of ILI among individuals who do not
seek medical care.

The FluWatchers program, developed on the Canadian Network
for Public Health Intelligence platform, was launched in 2015

as a pilot project. Recruitment focused primarily on the public
health workforce where prospective participants were more
amenable to participating in surveillance methods research.

The number of participants has steadily increased each year,
from 505 participants in the 2015-2016 influenza season, to
3,210 participants in the 2018-2019 influenza season. However,
recruitment activities have been limited, resulting in a sample of
Canadians that is both a convenience and purposive sample.

Like other online syndromic surveillance tools, FluWatchers has
the potential to reach a very wide population by leveraging
other data sources such as internet searches and social

media (4). FluWatchers has shown to correlate well with influenza
activity in Canada (5). Additionally, the use of participatory

data for syndromic surveillance has been validated and other
similar online tools have been shown to correlate well with
traditional, clinical-based ILI syndromic surveillance for example,
InfluenzaNet (Europe), FluTracking (Australia), GrippeNet
(France) and Flu Near You (United States and Canada) (6-9).

Crowdsourced online syndromic surveillance tools, such as
FluWatchers, monitor disease indicators in near real-time to serve
as "early detection—early warning” systems to detect outbreaks
before formal diagnoses are made (10). Reliable and timely
indicator estimates of the spread of influenza are crucial for the
early detection of unusual or increased influenza activity and for
pandemic preparedness. To work effectively, it is imperative that
FluWatchers participants be sufficient in quantity, diversity and
geographical and population representativeness.

The objective of this study is to evaluate the representativeness
of the most recent FluWatchers participant population
against the Canadian population, to understand changes in
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representativeness since its pilot in 2015 and to characterize a
typical FluWatcher to identify gaps and biases.

Methods

Sources of data and study populations

Any Canadian resident can sign up to participate in the
FluWatchers program through the online FluWatchers
registration (11). At the time of registration with a valid email
address, participants provide their year of birth, gender (male,
female or gender diverse) and forward sortation area code (FSA;
first three characters of the postal code), report whether they
have regular contact with patients, and have the option to add
any household members to report on their behalf. Each weekly
questionnaire, sent in the form of an email notification, asks the
participant if they have experienced cough and/or fever in the
previous week, and whether they have received their annual
influenza vaccination. When ILI symptoms are reported (cough
and fever reported in the same week), participants are prompted
to answer more questions enabling collection of additional
information on absenteeism and health-seeking behaviours. All
data are anonymous and are collected from epidemiological
week 40 to 18 each season (October through May). National
estimates on age, sex and geographical distribution were
obtained from the 2016 Canadian Census (12). National
estimates on vaccination coverage were obtained from the
2015-2016, 2016-2017, 2017-2018 and 2018-2019 Seasonal
Influenza Vaccination Coverage Surveys (13-16).

For this study, FluWatchers participants were defined as those
who submitted at least one questionnaire over the respective
influenza seasons (2015-2016, 2016-2017, 2017-2018 or
2018-2019), and who had complete year of birth, gender/

sex (male or female) and FSA information. Participants who
submitted reports with gender “gender diverse” (n<5) were
excluded from this study as this information is not available from
the 2016 Canadian Census (17), and thus could not be compared
between the two populations. There were no other inclusion/
exclusion criteria.

For most measures, data from the 2018-2019 influenza season
were used, as they best represent the current participant
population.

Measures

The characteristics and representativeness of FluWatchers
participants’ age, sex and geography were assessed against the
Canadian Census estimates as follows:

e Age-distribution: infants (0-4 years), children (5-19 years),
young adults (20-44 years), adults (45-64 years) and older
adults (65 years and older)
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e Sex distribution: male or female

e Geographic distribution: urban or rural, as determined using
the second digit of the FSA (with second digit 0 indicated a
wide-area rural region, and 1-9 indicated urban areas (18))

* Mean response rate per 100,000 population by province/
territory: derived using the weekly average number of
responses in a given province/territory as the numerator
and Canadian Census estimates by province/territory as the
denominator

The FluWatchers participants vaccination coverage were

assessed against the Canadian 2015-2016, 2016-2017,

2017-2018 and 2018-2019 Seasonal Influenza Vaccination

Coverage Surveys as follows:

e  Age-specific influenza vaccination coverage: 18 years and
older, 18-64 years, and 65 years and older (13-16)

Influenza vaccine coverage among children younger than 18
years could not be compared as no national survey estimates
exist that provide coverage estimates in the pediatric population.

The levels of participation among the 2018-2019 FluWatchers

population were defined as follows:

* Low level of participation: participants who completed fewer
than 12 surveys over a whole influenza season

*  Medium level of participation: participants who completed
between 12 and 25 surveys over a whole influenza season

e High level of participation: participants who completed more
than 25 surveys over a whole influenza season

Statistical analysis

For age, sex and urban/rural distributions, FluWatchers
participants were compared to the 2016 Census population.
For vaccination coverage, FluWatchers participants were
compared to the Canadian 2015-2016, 2016-2017, 2017-2018
and 2018-2019 Seasonal Influenza Vaccination Coverage Survey
populations, using Pearson chi-square tests. Similarly, the
distribution of the FluWatchers population by province/territory
was compared to Census estimates using a Fisher’s exact test.

The sex-stratified age distribution of FluWatchers participants
from the 2018-2019 influenza season was summarized and
compared with the 2016 Canadian Census population, with
male:female ratios and 95% confidence intervals.

Associations between demographic factors and the level of
participation among participants from the 2018-2019 influenza
season were analyzed using multiple logistic regression.
Participants younger than 18 years of age were excluded from
this analysis and could not be classified as high, medium or
low-level participants as their participation likely depends on
that of a household member submitting reports on their behalf.
Age group, sex, geography and vaccination status were treated
as independent variables in the model. Participants were
classified into three categories of participation: high; medium;
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and low, according to the number of surveys completed over
the influenza season. The cut off numbers used to define the
level of participation were determined empirically by assessing

a histogram of the number of surveys completed. The adult age
group was used as the reference for odds ratio estimation as it
comprised the largest number of participants. Females and the
“not vaccinated” groups were used as the references for sex and
vaccination status odds ratio estimates for the same reason.

All analyses were performed using SAS-EG 7.1.

Results

Representativeness of FluWatchers
participants from the 2018-2019 influenza
season

Over the 2018-2019 influenza season, a total of 3,210
FluWatchers participants met the inclusion criteria with a
collective total of 66,808 questionnaires submitted.

The mean age of participants was 41.2 + 18.6 years and the
median age was 43 years (IQR=24) comparable to the 2016
Census population (mean [SD]: 41.0 + 22.8 years) (Table 1).
The adult age group had the highest proportion of participants
(37.2%), and the infant age group had the smallest proportion
of participants (2.2%). Each relevant age group was represented
among the FluWatchers population; however, FluWatchers' age
distribution significantly differed from that of the 2016 Census
population (p<0.0001) (Table 1). Overall, adults were over-
represented while infants and older adults were significantly
under-represented (p<0.0001).

Of those 3,210 participants, 2,071 were female (64.5%)

and 1,139 were male (35.5%). Females were significantly
over-represented compared to the 2016 Census population
(50.9%, p<0.0001). Similarly, FluWatchers participants’
geographical distribution significantly differed from that of the
2016 Census population (p<0.0001). The majority (n=2,873,;
89.5%), of FluWatchers participants had FSA codes for urban
areas, while only 337 participants (10.5%) had FSA codes

for rural regions. Thus, participants residing in urban areas
were significantly over-represented relative to the Canadian
population (p<0.0001).

The distribution of the FluWatchers participants was compared
geographically to the 2016 Census population distribution
(Figure 1). Ontario and Saskatchewan were the most
over-represented, while Québec and Alberta were the most
underrepresented provinces. The average weekly response
rate per province/territory was highest in the Yukon Territory
(31.1 weekly submissions per 100,000 population) followed by
Prince Edward Island, Saskatchewan, Manitoba, Nova Scotia,
Northwest Territories, Ontario, New Brunswick, Newfoundland,
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Table 1: Summary of FluWatchers participants from the 2015-2016 to 2018-2019 influenza seasons compared with

the 2016 Canadian Census population

FluWatchers

Characteristic

2016 Canadian
Census

eI s I s
Mean + SD 38.5 £ 18.1 38.8+17.8 40.6 +17.5 41.2 +18.6 41.0 +22.8
Median 42 42 43 43.0 41.2
IQR 31 25 23 24 37

Age, year (%)

Urban 96.0 92.1

Infants (0-4) 0.0 1.2 1.2 2.2 5.4
Children (5-19) 24.0 20.7 17.4 16.7 17.0
Young adults (20-44) 34.9 36.9 36.8 37.0 324
Adults (45-64) 36.6 37.7 39.5 37.2 28.3
8'(?;; adults (65 and 4.6 35 5.6 6.9 16.9
Sex (%)

Male 42.2 40.1 37.0 35.5 49.1
Female 57.8 59.9 63.0 64.5 50.9

Geography (%)

90.9 89.5 83.3

Rural 4.0 7.9

9.1 10.5 16.7

Abbreviations: IQR, interquartile range; SD, standard deviation

Figure 1: Comparison of the geographical distribution
of the 2016 Canadian Census population and the
geographical distribution of the FluWatchers population
from the 2018-2019 influenza season

A) Geographical distribution of the 2016 Census population

Population density by province/territory is displayed in blue, ranging from dark blue to light blue.
Heat map colors represent population distribution in each respective map, ranging from green to
red, where cool colors (green to yellow) represent lower density and warm colors (orange to red)
represent higher density

Québec, British Columbia, Alberta and Nunavut (17.9,
16.5,13.7,10.5, 8.6, 7.6, 5.7, 3.9, 3.8, 3.7, 2.3, 0.1 weekly
submissions per 100,000 population, respectively). There

was a difference between the geographical distribution of all
registered FluWatchers compared with provincial/territorial
average weekly response rates. For example, Ontario is one of
the most over-represented provinces in terms of its proportion
of registered participants but ranks among the lowest of the
provinces and territories in terms of average weekly response
rate per 100,000 population. Overall, the geographical
distribution of the FluWatchers population is not representative
of the 2016 Census population and significantly differed from the
average weekly response rates (p<0.0001).

When comparing the sex-stratified age distribution of the
FluWatchers population compared with that of the 2016 Census
population (Table 2), the male to female sex ratios were almost
equal in the children and older adult categories. The young
adults’ and adults’ sex ratios differed most from those of the
2016 Census population, as there were 71% and 67% more
women than men, respectively.

Among 2018-2019 FluWatchers participants, 65.9% of adult
female participants received their seasonal influenza vaccination
compared to 46.8% among adult female Canadians in the

same year. Similarly, 59.4% of male FluWatchers received

their seasonal influenza vaccination compared to only 36.6%
among male Canadians in the same year. Vaccination coverage
was significantly different between males and females from
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Table 2: Summary of FluWatchers participants sex-stratified age distribution from the 2018-2019 influenza season

compared with the 2016 Canadian Census population

2018-2019 FluWatchers population

2016 Census population

(n=3,210) (n=35,151,730)
Characteristics
Males Females Sex ratio Males Females Sex ratio
n=1,139 n=2,071 (M:F) n=17,264,200 n=17,887,540 ((\H]

Infants (0-4)
Number n=31 n=40 n=973,030 n=925,760
% 2.7 1.9 0.78 4.4 5.2 1.05
95% Cl 2.7-2.8 1.9-2.0 4.3-4.4 5.1-5.2
Children (5-19)
Number n=273 n=264 n=3,059,100 n=2,907,830
% 23.9 12.7 1.03 13.7 16.3 1.05
95% Cl 23.9-24.0 12.7-12.8 13.6-13.7 16.2-16.3
Young adults (20-44)
Number n=341 n=847 n=5,660,330 n=5,741,250
% 29.94 40.9 0.40 25.3 32.1 0.99
95% Cl 29.9-30.0 40.8-40.9 25.3-25.4 32.0-32.1
Number n=394 n=799 n=4,876,590 n=5,072,215
% 34.6 38.6 0.49 44.5 28.4 0.96
95% ClI 34.5-34.6 38.5-38.6 44.5-44.8 28.3-28.4
Number n=100 n=121 n=2,695,150 n=3,240,485
% 8.8 5.8 0.83 121 18.1 0.83
95% Cl 8.7-8.8 5.8-5.9 12.0-12.1 18.1-18.2

Abbreviations: Cl, confidence interval; F, female; M, male

both populations, although they show a similar trend in

that vaccination coverage is higher among females in both
populations. Vaccination coverage across all three adult age
groups (Table 3) was consistently higher among the FluWatchers
population over the four influenza seasons.

Comparisons of FluWatchers participants
characteristics and representativeness from
the 2015-2016 to 2018-2019 influenza
seasons

All other descriptive statistics summarized in Table 1 were similar
over the four influenza seasons.

Associations between demographic factors
and the level of user participation

Table 4 presents a summary of the adjusted odds ratios of being
a FluWatcher participant with a high level of participation. Of
the 2,650 participants from the 2018-2019 influenza season
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aged 18 years or older, 1,288 (49%) were classified under the
high level of participation, 767 (29%) under the medium level of
participation and 595 (22%) under the low level of participation.
Age group and vaccination status were statistically significant
correlates of level of participation.

The odds of a FluWatcher participating at the high level
increased with increasing age category. Those who received
their annual influenza vaccination were 1.35-fold more likely to
be a high-participation FluWatchers participant. Sex was not
correlated with high participation in the full model (p>0.05). A
descriptive analysis of the level of participation variable by sex
revealed the proportions of males and females among each level
of participation were nearly the same, although actual counts
significantly differed. A typical FluWatcher was a high level of
participation user in the 45-64 years of age group, female,
vaccinated and residing in an urban area.
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Table 3: Summary of FluWatchers participants vaccination coverage® from the 2015-2016 to 2018-2019 influenza
seasons compared with the Seasonal Influenza Vaccination Coverage Survey results from the 2015-2016 to 2018-
2019 surveys

2015-2016 2016-2017 2017-2018 2018-2019
Age group FluWatchers FluWatchers FluWatchers FluWatchers
(GELLL)) (n=998) (n=2,114) (n=3,210)
All adults® 67.8 34.3 57.0 35.8 58.5 38.3 63.7 41.8
18-64 67.7 27.9 56.7 28.5 57.5 29.7 61.8 34.3
65 and older 69.6 64.6 62.9 69.5 73.6 70.7 85.1 69.9

Abbreviation: SIVCS, Seasonal Influenza Vaccination Coverage Survey
* Vaccination coverage by age group, year and percentage
b 18 years of age and older

Table 4: Summary table of adjusted odds ratios of being a high level of participation FluWatchers participant in the

2018-2019 influenza season

Percentage at
high level of
participation (%)

Variable

Reference group

Adjusted

odds ratio I5%iICl

Age group (years)

25 and younger 45-64 0.5 0.79 0.57-1.09 0.0154
26-44 45-64 37.8 0.75 0.65-0.88 0.0003
45-64 N/A 50.8 1.0 N/A N/A
65 and older 45-64 10.9 1.34 1.01-1.78 0.0453

‘ Sex: male ‘ Female ‘

69.2 |

0.87 | 0.74-1.02 | 0.0710 |

Vaccination status

Vaccination status: not

vaccinated 72.5

Vaccinated

0.81 0.61-0.83 0.0003

Abbreviations: Cl, confidence interval; N/A, not applicable
2 Reference group

Discussion

Since its inception in the 2015-2016 influenza season,
FluWatchers has recruited participants from all provinces and
territories and across all age groups, participants who identify as
male, female and gender diverse, individuals residing in rural and
urban settings and those who did/did not receive the seasonal
influenza vaccine. Overall, the FluWatchers population has
improved in its representativeness of the Canadian population
along measures such as age, rural/urban and provincial/territorial
participation. However, over-representativeness has increased
among females and persons reporting receipt of annual influenza
vaccination. Though FluWatchers has shown to correlate well
with influenza activity in Canada thus far, overall, the FluWatchers
population is not representative of the 2016 Census population
by age, sex and geography.

The infant and older adult age groups remain under-represented,
however, these groups have seen the most improvement in
representativeness. The geographical representativeness

has improved as well; however, Ontario and Saskatchewan

are over-represented, and Québec and Alberta are

underrepresented in the FluWatchers population. The provincial
and territorial average weekly response rates per 100,000
population were not higher in provinces with more participants.
As the influenza season in Canada often begins in the west and
makes its way east, under-representation in the westernmost
provinces limits FluWatchers as an early detection—early
warning system. Additionally, there are gaps in participation
particularly among the northern provinces/territories with too
few participants from the territories to permit estimation of

key surveillance parameters or statistical analysis. Overall, the
geographic distribution of all registered FluWatchers and the
geographic distribution using average weekly response rates
lack in their representativeness of the 2016 Census population.
The vast majority (90%) of FluWatchers participants are clustered
around large urban areas (e.g. greater metropolitan areas in
Ontario).

The FluWatchers population remains female-dominant (64.5%).
Given the increase in reporting patterns among females over
the past four influenza seasons, underlying factors like methods
of recruitment, program advertising and high employment
rates of women in the public health sector may be driving this
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participation bias. This trend is consistent with findings from
other studies on similar participatory surveillance programs that
show women are more interested in health-related topics and
show more active online information-seeking behaviour (19).
Participants of InfluenzaNet, FluTracking and Flu Near You
surveillance systems were more likely to be female than in their
respective target general populations (6,20,21). These findings
are also consistent with survey response and non-response
studies that show women, affluent and younger individuals are
more likely to participate in survey-based programs than men,
less affluent and older individuals (22).

Level of vaccination coverage

The FluWatchers population vaccination coverage has remained
steady over the years. A high proportion of FluWatchers
participants report receiving their annual influenza vaccinations,
which differs from influenza vaccination behaviours of the general
Canadian population (63.7% among all adults aged 18 years

or older in the 2018-2019 influenza season compared to only
41.8% in the 2016 Census population, p<0.0001).

Level of participation

A higher level of participation among FluWatchers participants
was associated with age and vaccination status. Geography
did not correlate with the level of participation. Sex was also
not a useful predictor of the level of participation. While

there is significant over-representation of females among the
FluWatchers population, the distribution of males and females
among the high, medium and low levels of participation were
nearly the same. A similar study on Flu Near You participants
found odds ratios comparing participation habits among males
and females were also close to one and InfluenzaNet found
that there were no significant differences between males and
females on the level of participation (6,23). Approximately
25% (n=761) of FluWatchers participants submitted all 31 reports
over the 2018-2019 influenza season, and over 1,200 classified
as high-level users. The average FluWatcher participant is a
high-level user.

Limitations

One of the limitations of this study is that data on socioeconomic
status and chronic diseases are not collected by the FluWatchers
program, and thus could not be analyzed or compared with

the general Canadian population. Additionally, Canadians

living in non-household dwellings (e.g. long-term care facilities,
correctional facilities, etc.) likely face different barriers to
participating in the FluWatchers program versus the Canadian
Census, due to different data collection methods (12). Similar
studies on programs such as GrippeNet and Flu Near You,

with similar participant population distributions (age, sex and
vaccination status), showed that the majority of participants had
at least a high school diploma, paid employment, access to their
own car (did not rely on public transport), were not smokers

and had a healthy body mass index (6,8). There is a strong
likelihood that FluWatchers participants will exhibit the same
characteristics.
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As the FluWatchers population is a convenience and purposive
sample, the extent to which the results can be generalized to
the general Canadian population is related to the extent to
which FluWatchers participants reflect their respective group
(a typical FluWatchers participant is a vaccinated female adult
living in an urban area). Additionally, it is not currently possible
to assess the magnitude of selection bias in the sample. More
research is needed to better understand the bias among the
FluWatchers population and how it affects the interpretation
of the surveillance data and its future use of the data for
non-surveillance purposes. Furthermore, by quantifying the
bias, we will be able to make better recommendations for future
recruitment goals.

Conclusion

With targeted recruitment of under-represented groups (males
and older adults) and under-represented geographical areas
(western and northern Canada), the FluWatchers population has
the potential to become more representative of the Canadian
population, as demonstrated by its improvements over the

last four influenza seasons. With these strategic efforts, it has
the potential to become a more robust and complementary
surveillance system that will benefit the Canadian population and
will improve the accuracy of the early detection—early warning
system that influenza syndromic surveillance strives to achieve.
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