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Information is the most potent protective weapon we have to combat a pandemic, at both the
individual and global level. For individuals, information can help us make personal decisions and
provide a sense of security. For the global community, information can inform policy decisions
and offer critical insights into the epidemic of COVID-19 disease. Fully leveraging the power of
information, however, requires large amounts of data and access to it. To achieve this, we are
making steps to form an international consortium, Coronavirus Census Collective (CCC,
coronaviruscensuscollective.org), that will serve as a hub for integrating information from
multiple data sources that can be utilized to understand, monitor, predict, and combat global
pandemics. These sources may include self-reported health status through surveys (including
mobile apps), results of diagnostic laboratory tests, and other static and real-time geospatial
data. This collective effort to track and share information will be invaluable in predicting hotspots
of disease outbreak, identifying which factors control the rate of spreading, informing immediate
policy decisions, evaluating the effectiveness of measures taken by health organizations on
pandemic control, and providing critical insight on the etiology of COVID-19. It will also help
individuals stay informed on this rapidly evolving situation and contribute to other global efforts
to slow the spread of disease.

In the past few weeks, several initiatives across the globe have surfaced to use daily self-
reported symptoms as a means to track disease spread, predict outbreak locations, guide
population measures and help in the allocation of healthcare resources. The aim of this paper is
to put out a call to standardize these efforts and spark a collaborative effort to maximize the
global gain while protecting participant privacy.

* % %

Introduction

The rapid and global spread of COVID-19 led the World Health Organization (WHO) to declare
a pandemic on March 11, 2020. One contributing factor to the explosion in cases is the lack of
information about who is infected, in large part because not enough people are being tested.
This is further compounded in many countries, such as the United States, by health privacy
laws. In countries that have tested more aggressively and transparently shared this data, such
as South Korea and Singapore, the spread of disease has been greatly slowed *. Although
efforts are underway around the world to substantially ramp up testing capacity, technology-
driven approaches to collect self-reported information can fill an immediate need and
complement official diagnostic results. This type of approach has been used for tracking other
diseases, notably flu (see flunearyou.org/covidnearyou.org) . The voluntary collection of
privacy-protected information about individuals’ health status over time will enable researchers
to leverage this data to predict, respond to, and learn about the spread of COVID-19. Given the
global nature of the disease and our society, we aim to form an international consortium,
tentatively named Coronavirus Census Collective, to serve as a hub for amassing this type of
data and create a unified platform for global epidemiological data collection and analysis.

The Mission of the CCC


https://doi.org/10.1101/2020.04.02.20051284
http://creativecommons.org/licenses/by-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.04.02.20051284; this version posted April 6, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license .

The CCC is committed to a mission of saving lives through the open sharing of information to
the greatest extent possible while simultaneously ensuring privacy. This infrastructure can
immediately help in the current COVID-19 pandemic and will also be useful for other diseases
that may emerge in the future, or are currently present. Although we are optimistic that capacity
for diagnostic testing will rapidly increase, testing will likely never provide global population-wide
coverage and there is thus a critical and immediate need for collecting additional data on self-
reported symptoms and health status at a population level. Moreover, we plan to integrate the
growing official diagnostic testing data along with other real-time informative data to better
estimate the symptoms that characterize patients who are diagnosed with COVID-19 and to
improve our computational models . In the long term, a broad surveying of individual health
status will serve as a rich source of information for understanding disease outbreaks that can
guide policy decisions and ensure that the world is better positioned to respond to future
pandemics. Nature has presented us with a problem of unprecedented scale that knows no
borders. Now is the time to respond with our own global solution: information. Working together,
we can act decisively to maximize human health, both now and in the future.

The Need for Information

Early epidemiological studies of the COVID-19 outbreak in Hubei Province, China, where
COVID-19 is thought to have originated from, demonstrated the overwhelming importance of
slowing the rate of transmission to reduce the spread of COVID-19. Slowing the rate of
transmission, requires information about who is infected and where they are located. China
achieved this through testing large numbers of individuals suspected of being infected and
moving individuals who tested positive to isolation. In South Korea, which saw the second large
spike in COVID-19, government officials have taken an approach of combining large-scale
testing with transparent data sharing on where affected individuals are located. Although the
success of this approach is clear, it has not been universally implemented. For example, Italy
has not adopted this approach, and their rates of infection have steeply risen in recent days,
with lack of universal testing potentially playing a role in this unfortunate development. While
China’s and South Korea's approach has been successful, it has two major limitations that
prevent its application in the vast majority of other countries: diagnostic testing capacity is
limited and personal and health privacy laws are more restrictive. For example, in the United
States, an emerging world epicenter, large-scale testing is still not available in the vast majority
of US states. For several weeks after community spreads have been documented in multiple US
states, the tests were still limited to people with severe symptoms and with international travel
history to places with early outbreak (e.g. China, South Korea, Japan, Iran). With limited
capacity in testing, the numbers reported as “confirmed cases” in our communities (e.g.
https://coronavirus.jhu.edu/) do not reflect the true numbers or the actual rate of COVID-19
spread. The fact that many carrier individuals only show mild symptoms and not seeking tests
also contributes to our lack of understanding of the impact.

Technology-driven approaches to collect voluntarily self-reported data on health status can
overcome these limitations. These can be further integrated with other relevant real-time data
resources such as meteorological data, population density at a given time and place, as well as
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other dynamic data sources. Together these can provide crucial information that can be
immediately leveraged for early identification of disease clusters, with the goal of slowing the
spread of disease.

We started several such efforts in the U.S. and one in Israel. In the U.S., we have developed an
app, HowWeFeel (http://www.howwefeel.org), that administers a 30-second survey of the
person's well-being to collect epidemiological data (Figure 1). Independently, CovidNearYou
was started (https://covidnearyou.org/) as well as covid19-EIPM, a web-application with open-
access visualization tools collecting the same information in a fully anonymized way
(https://covid19.eipm-research.org) (Figures 3 and 4). In Israel, we developed Predict-Corona
(https://coronaisrael.org/), a daily one-minute online survey in which respondents are asked to
measure body temperature and report whether they experience any of the symptoms that were
found to be common in patients with COVID-19 infection according to the existing literature.
Within approximately 10 days of its launch, there have been over 300,000 responses, and we
are already seeing the potential of this approach for detecting future outbreak regions (Figure 2)
3

This work parallels efforts in other countries to develop similar surveys, such as the Covid
Symptom Tracker in the UK (https://covid.joinzoe.com/) , the COVID-19: CH Survey Project in
Switzerland  (https://covid19survey.ethz.ch/) and Covid-19 self-reporting in Slovenia
(https://covid-19-stats.si/). In the U.S. and UK., we have established the COronovirus Pandemic
(COPE) Consortium  (https://www.monganinstitute.org/cope-consortium) to use the Covid
Symptom Tracker (https://covid.joinzoe.com) to join the efforts of international prospective and
observational cohorts (e.g. population based, clinical, etc.) and clinical trials/studies.

To increase the statistical power of these data, we call for the formation of an international
consortium, the Coronavirus Census Collective (CCC), to integrate these data streams and
provide a single, central data bank that researchers from around the world can query securely.
In addition to ensuring comparability in the data, the CCC will serve as a resource for entities in
other countries that are developing such surveys with the goal of facilitating its rapid deployment
around the world. As many countries are now struggling to find the best strategy to handle the
pandemic, we believe that a global collaborative effort to obtain data that can be used to predict
outbursts of COVID-19 infection is urgently needed.

In carrying out this global endeavor, we acknowledge the importance of catering both to
underdeveloped countries and to populations that are underrepresented or of lower socio-
economic status. For example, in Israel we distributed our survey in several languages,
engaged leaders in local religious communities, and promoted the survey through both Hebrew
and Arabic-speaking media channels to increase compliance across all sectors of the Israel
population. Similarly, HowWeFeel has been translated into 20 languages and covid19-EIPM
currently supports 10 different languages.

A Framework for Collecting and Sharing Data
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We will collect survey responses containing symptomatic information relevant to COVID-19
along with geospatial location, time, and demographic information on age and pre-existing and
comorbid medical conditions. The data will be collected, de-identified, and further made
differentially private before analysis to enable researchers to share and analyze the data while
maintaining individual level privacy Because the privacy of our participants is essential to our
mission, we will remain at the cutting edge of privacy protective technologies, develop novel
methods where needed, and implement improvements over time wherever possible. Our
technologies and the code for our app will be open source, so others adapt for their particular
situations, find bugs, or help us improve it. We envision that all members will use surveys with a
common set of “core” questions, but additional region-specific questions may be added within
the extent of the local regulations, researcher interest, and community need. This set of core
guestions may grow over time as more is learned about COVID-19.

A federated common data model will be built to facilitate data sharing while ensuring data
security and privacy across different countries. To achieve that goal, we will define guidelines to
ensure that the underlying data model collected from all contributors can easily be amalgamated
and harmonized, and the consortium data sharing policy will be developed. We will also apply
different methods such as differential privacy * which will enable researchers to share and
analyze the data while preserving the confidentiality of the participants. Given differences in
privacy regulations from region to region, individual level data from the surveys from some
countries may not be accessible, but the results of differentially private statistical analyses will
be available to all.

These data will allow researchers to perform several immediately useful analyses. For example,
statistics can be computed of how many individuals exhibit symptoms, or self-report official
COVID-19 test results within particular geographic regions. Statistics can be computed both in
aggregate and conditional on comorbidities and demographic information such as age when
available. This will enable monitoring of the health status of the respondent population, either in
aggregate or stratified by region or demography, at any given time. Regression analysis will be
performed to investigate the epidemiological factors associated with symptoms and testing
results. Spatial analysis will be performed and geostatistical maps on the prevalence of
symptoms and positive test probability will be constructed. In addition, clustering models can be
used to identify which areas likely have COVID-19 outbreaks already ongoing based on co-
occurrence of many individuals reporting similar patterns of symptoms at the same time. This
will enable estimates of the population of individuals who have COVID-19 symptoms in spite of
inadequate viral testing. With participants who have tested positive and those who tested
negative, we will be able to use methods of “quantification” (as distinct from “classification”) to
produce accurate estimates of population prevalence of COVID-19 even when individuals
cannot be reliably classified from their symptoms alone °. Another possible application is
evaluating the effectiveness of the various social distancing measures taken, and their
contribution to reduction of the number of symptomatic people. Finally, lagged prediction models
can be used to identify increasing trends in the incidence of self-reported COVID-19 related
symptoms within specific geographic locales. These predictions will be potentially useful for
identifying areas where additional testing or medical resources should be allocated. To


https://doi.org/10.1101/2020.04.02.20051284
http://creativecommons.org/licenses/by-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.04.02.20051284; this version posted April 6, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license .

maximize the impact of the data collected, we will provide an Application Programming Interface
(APIl) to allow accredited researchers to access the data to perform additional statistical
analyses.

The CCC aims to further leverage the impact of voluntary self-reported health information by
actively seeking collaboration from others around the world that are similarly committed to
maximizing the potential benefits of this approach while maintaining individual’'s privacy. We
envision that the CCC will be coordinated by a Board of Directors, who will vet new members,
maintain a secured centralized data repository, or federated multi-site data repositories, and
develop mechanisms to enable researchers from around the world to query the data. Individual
members will be responsible for ensuring adherence to local regulations.


https://doi.org/10.1101/2020.04.02.20051284
http://creativecommons.org/licenses/by-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.04.02.20051284; this version posted April 6, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license .

12:34 e 12:34 Jp—
« Testrigh < Tewrig
- - “ -
Donate your data.

Check in daily about how you

feel W're collecting data from as many people as
Z possibile 1o help health researchers better
understand and fight the spread of COVID-19.

H w . This survey will only take a few minutes. We'll
. = = 85k you to provide your location, gender, age
FO See how many people report and some previous health history, as wel as

symptoms near you how you're feeling on 3 daily basis. If you
E R g 1 aren't feeling well, well ask about your

Share how you feel to help : symptoms. How are you feeling today?
S‘:IenliSls flght The Sp!ead Of . : We minimize the risk that your data could be

COVID-19 Donate your data to help associated with your identity by not asking for
scientists track the virus. your name, email or phane number, and by e
using Industry standard security measures,

. | Wour use of this App is subject to cur Terms Good Not well
o and our Privacy and Data Sharing Natice.

For every new signup HWF
5 You can contact us or ask questions by writing
will donate one meal to a to: researchisHowWeFesi org.
person in need.
12:34 o T - 12:34

Let'sdoit =
« Tesirig “Teutrigh

“ —_ - —_—

Your participation is voluntary, and you can
stop donating any time you ke

Are you feeling any of these
symptoms?

Mo symptoms

Feve
r In response to COVID-19, how
Wet cough are you g your social
interactions?

Dry cough

In-home isolation
Sore throat

Staying at home as much as
Runny nose possible : y First day reported!
MNasal congestion Typical activities, but social

distancing six feet from others
Loss of appetite
Ppetl No change to typical activities
Fatigue
Muscle and joint pain

Shortness of breath

Confus
Next

Share now T

Figure 1: HowWeFeel: a 30-second survey of the person's well-being to collect epidemiological data.
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Figure 2: Average COVID-19 associated symptoms region map in Israel. City municipal regions with at least 50
responders and neighborhoods with at least 15 responders are shown. Each region is colored by a category defined
by the average symptoms ratio, calculated by averaging the reported symptoms rate by responders in that city or
neighborhood. Green - low symptoms rate, Purple - high symptoms rate. A: Area of Haifa with city regions. B: Area of
Haifa with neighborhood regions. For updated maps see https://coronaisrael.weizmann.ac.il/
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Figure 3: The screenshot of EIPM Coronavirus Survey Dashboard taken on 30/3/2020 is shown in this figure. The
dashboard shows collected results at the time a user accesses our website and several visualization tools enable online
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About

Other Languages (click +Add Survey)

This questionnaire is designed to identify potential geographic areas in which the coronavirus is spreading in the US. You will
be asked about your symptoms. This will help locate areas with a high number of infected people.

Please fill out the questionnaire every day whether you experience symptoms or not. Feel free to send it to your family
members, friends, and contacts.

Note that this questionnaire cannot diagnose coronavirus infection. It is anonymous and all the data will be used solely for
helping track the spread of the virus. We are taking every measure to the privacy of icipants.This is a fully
anonymous survey: URL or IP addresses will not be recorded nor maintained in any way.

We thank you for your participation,
The EIPM team

Englander Institute of Precision Medicine
Weill Cornell Medicine

(adapted from Profs. Eran Segal, Yuval Dor, Benjamin Geiger)

* required fields

2IP Codes (first 3 digits) * Age Sex Currently smoking?
Male Female Yes @ No
Enter the first three digits of your
ZIP code
Do you have: *
diabetes hypertension ischemic heart disease asthma
chronic lung disease chronic kidney disease cancer none of these

Select any of the options or ‘none of these'

Have you traveled outside the US in the past 14 days?

Yes © No
Current status
Are you experiencing any of the following symptoms? *
Dry cough Fatigue Fever
Shortness of breath Runny nose or nasal congestion Headache
Diarrhea Sore throat Nausea and/or vomiting
Muscle ache Loss of smellitaste None

Select any of the options or ‘None’

I am currently *
In isolation (person who tested positive for COVID-18 or believed to be sick; separated from others)
Self-quarantine (exceptional trips to groceries, dog walking, etc.)
Some level of social distancing (no handshake, 6 feet distance, etc)

No significant changes in behaviors

What is your current body temperature in Fahrenheit? (optional)

Have you been in contact with a person who tested positive for COVID-19?
Yes @ No

Figure 4: The English version of the EIPM daily questionnaire. Required questions are marked with (*). In particular, the
user is required to enter the first three digits of their US zip code. This allows tracking of symptoms in different
geographical locations in the entire country. In order to retain HIPAA Privacy Rule compliance, zip codes with less than
20,000 individuals were excluded.
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