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WHAT THE COVID-19 PANDEMIC  
SHOWED US?
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Recent advances in technology have led to the rise of new-age data sources (e.g.,

Internet of Things (IoT), wearables, social media, and mobile health). IoT is becoming

ubiquitous, and data generation is accelerating globally. Other health research domains

have used IoT as a data source, but its potential has not been thoroughly explored and

utilized systematically in public health surveillance. This article summarizes the existing

literature on the use of IoT as a data source for surveillance. It presents the shortcomings

of current data sources and how NextGen data sources, including the large-scale

applications of IoT, can meet the needs of surveillance. The opportunities and challenges

of using these modern data sources in public health surveillance are also explored. These

IoT data ecosystems are being generated with minimal effort by the device users and

benefit from high granularity, objectivity, and validity. Advances in computing are now

bringing IoT-based surveillance into the realm of possibility. The potential advantages

of IoT data include high-frequency, high volume, zero effort data collection methods,

with a potential to have syndromic surveillance. In contrast, the critical challenges to

mainstream this data source within surveillance systems are the huge volume and variety

of data, fusing data from multiple devices to produce a unified result, and the lack

of multidisciplinary professionals to understand the domain and analyze the domain

data accordingly.

Keywords: real-time data, rapid surveillance, data source, big data, innovation

INTRODUCTION

The function of public health systems is to understand and respond to health trends affecting
populations (1). This is achieved through public health surveillance, that is, the ongoing collection
and analysis of population health indicators. Traditional surveillance data collection can be
cumbersome, expensive, and slow, often relying on paper-based and digitally extracted data
sources. Social media and crowdsourcing are data sources that can be leveraged for surveillance data
(2, 3). Sources like Twitter, Facebook, Google, and Reddit have been successfully used to explore
behavior and health outcomes (4–6). These are now being accepted as potential data sources across
several health domains (7, 8).
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Impact of COVID-19 on Sleep



Impact of COVID-19 on Sleep

30 Million users worldwide
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Abstract
Background: Sleep behavior and time spent at home are important determinants of human health. Research on sleep patterns
has traditionally relied on self-reported data. Not only does this methodology suffer from bias but the population-level data
collection is also time-consuming. Advances in smart home technology and the Internet of Things have the potential to overcome
these challenges in behavioral monitoring.
Objective: The objective of this study is to demonstrate the use of smart home thermostat data to evaluate household sleep
patterns and the time spent at home and how these behaviors are influenced by different weekdays and seasonal variations.
Methods: From the 2018 ecobee Donate your Data data set, 481 North American households were selected based on having
at least 300 days of data available, equipped with ≥6 sensors, and having a maximum of 4 occupants. Daily sleep cycles were
identified based on sensor activation and used to quantify sleep time, wake-up time, sleep duration, and time spent at home. Each
household’s record was divided into different subsets based on seasonal, weekday, and seasonal weekday scales.
Results: Our results demonstrate that sleep parameters (sleep time, wake-up time, and sleep duration) were significantly
influenced by the weekdays. The sleep time on Fridays and Saturdays is greater than that on Mondays, Wednesdays, and Thursdays
(n=450; P<.001; odds ratio [OR] 1.8, 95% CI 1.5-3). There is significant sleep duration difference between Fridays and Saturdays
and the rest of the week (n=450; P<.001; OR 1.8, 95% CI 1.4-2). Consequently, the wake-up time is significantly changing
between weekends and weekdays (n=450; P<.001; OR 5.6, 95% CI 4.3-6.3). The results also indicate that households spent more
time at home on Sundays than on the other weekdays (n=445; P<.001; OR 2.06, 95% CI 1.64-2.5). Although no significant
association is found between sleep parameters and seasonal variation, the time spent at home in the winter is significantly greater
than that in summer (n=455; P<.001; OR 1.6, 95% CI 1.3-2.3). These results are in accordance with existing literature.
Conclusions: This is the first study to use smart home thermostat data to monitor sleep parameters and time spent at home and
their dependence on weekday, seasonal, and seasonal weekday variations at the population level. These results provide evidence
of the potential of using Internet of Things data to help public health officials understand variations in sleep indicators caused by
global events (eg, pandemics and climate change).

(JMIR Mhealth Uhealth 2022;10(4):e28811) doi: 10.2196/28811

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e28811 | p. 1https://mhealth.jmir.org/2022/4/e28811
(page number not for citation purposes)
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Leveraged data from 200K ecobee thermostats to 
understand changes in sleep patterns during the 
pandemic.


Data

• Data from motion and temperature sensors from ecobee 

smart thermostats.

• Pre-consented, available to registered researchers, de-

identified, household-level data.

• Developed algorithms for monitoring indoor activity 

levels and sleep indicators.

• Currently using the data for exploring the effects of 

heatwaves on indoor temperatures.

Public Concerns

• Data hosting, data access, anonymity, privacy loss.
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Ethical principles for 
infodemiology and infoveillance 
studies concerning infodemic 
management on social media
Matheus Lotto 1,2, Thokozani Hanjahanja-Phiri 2, Halyna Padalko 2, 
Arlene Oetomo 2, Zahid Ahmad Butt 2, Jennifer Boger 3, 
Jason Millar 4, Thiago Cruvinel 1 and Plinio P. Morita 2,3,5,6,7*
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Canada, 6 Centre for Digital Therapeutics, Techna Institute, University Health Network, Toronto, ON, 
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Big data originating from user interactions on social media play an essential 
role in infodemiology and infoveillance outcomes, supporting the planning and 
implementation of public health actions. Notably, the extrapolation of these 
data requires an awareness of di!erent ethical elements. Previous studies have 
investigated and discussed the adoption of conventional ethical approaches in 
the contemporary public health digital surveillance space. However, there is a 
lack of specific ethical guidelines to orient infodemiology and infoveillance 
studies concerning infodemic on social media, making it challenging to design 
digital strategies to combat this phenomenon. Hence, it is necessary to explore if 
traditional ethical pillars can support digital purposes or whether new ones must 
be  proposed since we  are confronted with a complex online misinformation 
scenario. Therefore, this perspective provides an overview of the current scenario 
of ethics-related issues of infodemiology and infoveillance on social media for 
infodemic studies.

KEYWORDS

health information, infodemic, infoveillance, misinformation, social media

Introduction

Social media are web-based interactive communication channels that enable the creation, 
sharing, and discussion of content by people and online communities (1). !ere are ~4.59 billion 
users on these platforms worldwide who interact on everyday topics such as health (2, 3). In this 
context, social media was a primary source of information on COVID-19 in China at the outset 
of the pandemic, while four-in-ten Americans considered them essential to follow vaccine-
related news (4, 5). Additionally, 81.4% of Saudis users believed that health-related information 
acquired from social media increased their healthcare awareness, with 73.3% perceiving positive 
impacts on their health status (6). !e literature also shows that many people use these platforms 
to connect with their peers and exchange their experiences about health conditions (7).
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DOI 10.3389/fpubh.2023.1130079Twitter data has been used to evaluate the public perceptions of 

heatwaves, misinformation in dentistry, the spread of 
propaganda in the Russian war, and the public’s perception on 
vaccine hesitancy.


Data

• Data mined from Twitter’s APIs, through a data ecosystem 

developed at the University of Waterloo.

• Non consented, individualized, identifiable, non-private/

public data.

• Twitter posts are public and hosted on databases managed by 

Twitter and made available to researchers through a special 
program. 

Public Concerns

• Use of their social media content to inform public health 

practices, concerns about the use of their “private" 
information.
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Estimating the Effects of Non-
Pharmaceutical Interventions and 

Population Mobility on Daily COVID-19 
Cases: Evidence from Ontario 

NATHANIEL T. STEVENS 
Department of Statistics and Actuarial Science, University of Waterloo,Waterloo, Ontario, Canada 

ANINDYA SEN 
Department of Economics, University of Waterloo,Waterloo, Ontario, Canada 

FRANCIS KIWON 
Department of Statistics and Actuarial Science, University of Waterloo,Waterloo, Ontario, Canada 

PLINIO P. MORITA 
School of Public Health and Health Systems, University of Waterloo,Waterloo, Ontario, Canada 

STEFAN H. STEINER 
Department of Statistics and Actuarial Science, University of Waterloo,Waterloo, Ontario, Canada 

QIHUANG ZHANG 
Department of Biostatistics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, 

Pennsylvania 

Cette  étude  cherche  à  évaluer  les  effets  des  interventions  non  pharmaceutiques  (INPs;  restrictions  sur 
les activités  commerciales et  rassemblements  sociaux) et de  la mobilité de  la population sur  le nombre 
de cas d’infection par jour, en utilisant les nombres de cas d’infection par la maladie à coronavirus 2019 
(COVID­19) et  les données de mobilité de Google pour 12 des plus grands Bureaux de Santé publique 
de l’Ontario entre le printemps 2020 et la fin janvier 2021. La méthode des variables instrumentales (VI) 
permet de rendre compte d’un biais potentiel de simultanéité puisque les taux quotidiens de COVID­19 
et les INPs dépendent, tous les deux, du nombre de cas décalés. Les estimations par les VI basées sur les 
différences de durée des décalages d’ajustement pour inférer des estimations causales impliquent que de 
plus strictes INPs et le port obligatoire du masque dans les endroits fermés sont associés à une réduction 
de cas d’infection. Par ailleurs, Les estimations basées sur  les données de mobilité de Google montrent 
que la présence accrue sur  le  lieu du travail est corrélée avec un plus grand nombre de cas d’infection. 
Finalement, d’octobre 2020 à Janvier 2021, les prévisions faites à partir de modèles de Box­Jenkins en série 
chronologique s’avèrent plus précises que les prévisions officielles et que celles utilisant le modèle épidé­
miologique susceptible – infecté – retiré. 

Mots clés : COVID­19, données de Google, mobilité de la population, modélisation en série chronologique, 
Ontario, prévisions, SIR 

This study uses coronavirus disease 2019 (COVID­19) case counts and Google mobility data for 12 of On­
tario’s largest Public Health Units from Spring 2020 until the end of January 2021 to evaluate the effects 
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Used publicly available mobility data from Google to 
estimate the effects of mobility change on COVID-19 
cases.


Data

• Data from Google Maps searches, use of public transit, 

and location of Google Maps Users.

• Pre-consented, publicly available, aggregate.

• Generated based on mobility data collected by Google 

(yes, Google owns your data!), but presented in 
aggregate format. 

Public Concerns

• Location information, loss of privacy, concerns about 

their individual behaviour leaking to the public.
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Big data is often defined by four V’s  (or seven V’s 
depending on the community).


Challenges

• Public health officials are not currently equipped to 

work with real-time data (volume and velocity)

• Large volumes of useful data are being collected, but 

public health practitioners are not trained to use this 
data.


Consequences and Next Steps

• Powerful data often goes unused. 

• Time and effort needs to be placed on creating tools and 

repositories that public health officials can use.

• Public health education needs to reflect this new 

technological landscape.

Big Data



While data is widely collected through different systems 
and sensory technologies, accessing and integrating all 
these datasets can be really challenging.


Challenges

• Data collected is often stored using company-specific 

data models.

• Data is often siloed and hidden behind corporate and 

institutional walls.

• Companies and institutions do not have the necessary 

expertise to create secure and privacy-presenting data 
sharing programs. 

Consequences

• Relevant data that could have a positive effect on public 

health practices is often unused.

Lack Consistent Data Structure an Data Repositories 
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Better literacy and knowledge dissemination.
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As a country, we need a centralized big data strategy.
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Train our public health professionals to use big data.
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Corporate-Public Health Partnerships to facilitate access to big data 
hosted by corporations.
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     plinio.morita@uwaterloo.ca 

     www.uwaterloo.ca/ubilab 

     @Plinio.Morita


