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Objectives
1. To provide an overview of the ICES reports and analytics 

generated to support public health decision-making during 
the COVID-19 pandemic, and the data sources and novel 
analytic methods we used

2. To describe the role of these reports and analytics in 
helping shape COVID-19 testing and vaccination policy and 
practice in Ontario

3. To summarize how ICES adapted its practices to respond to 
the urgent need for information and share some of the 
challenges and lessons learned
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About ICES
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ICES is a not-for-profit research institute encompassing a 
community of research, data and clinical experts, and a secure 
and accessible array of Ontario’s health-related data



About ICES
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ICES in Numbers: 2020/21
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ICES’ Applied Health Research 
Question (AHRQ) Program

6

“An AHRQ is a question posed by a health system policy 
maker or provider in order to obtain research evidence to 
inform planning, policy and program development that 
will benefit the entire Ontario health system.”

- Ontario Ministry of Health (MoH)

• ICES commits to undertaking an agreed number of 

AHRQs funded by an annual grant from the MoH 

• ICES well positioned to respond to AHRQs that 
directly involve ICES data holdings and expertise

• 29 COVID-19-related AHRQs undertaken to date



Overview of Primary COVID-19 AHRQ
Knowledge Users: 

• Ontario Ministry of Health 

• Ontario Health

• Public Health Ontario 

• Public Health Units

Initial Objectives:

• Identify the sociodemographic and clinical characteristics of 

COVID-19 test recipients (vs non-recipients), cases (vs non-

cases) and whether these vary geographically

• Identify risk factors for COVID-19 infection and severity

• Describe short-term health outcomes of COVID-19 infection

• Describe above for those who reside in long-term care facilities 

and other high-risk congregate settings (vs not)
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Early Data Challenges
• Ontario’s health system faced unprecedented challenges 

with urgent need to understand the virus’ impact
• Which groups are at greatest risk?

• Historical data on hospitalizations and ICU admissions 

needed:
• To estimate hospital surge capacity

• To model impact of public health interventions, scenarios for 
health care resources

• Timely data and rapid analyses needed, but…
• SARS-CoV-2 testing data were de-centralized

• Historical annual, quarterly feeds of key administrative data 
sources were too infrequent for near real-time analysis

• Important data sources missing from ICES repository
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ICES’ Response to Challenges
• Worked with existing data providers to receive more 

frequent feeds of routinely available datasets
• E.g., CIHI DAD, NACRS received monthly instead of quarterly

• Modified internal workflows to perform data cleaning, 

standardization and quality assessments more frequently
• E.g., Vital statistics dataset updated monthly instead of bi-monthly

• Established new agreements to receive new data holdings 

critical to COVID-19 reporting
• E.g., SARS-CoV-2 testing, Public Health case management, 

COVID-19 vaccination

9



Overview of COVID-19-related 

Data Sources
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Ontario Laboratories Information 
System (OLIS)

• Beginning April 2020 ICES received daily extracts of 
SARS-CoV-2 test results from Ontario Health

• After 1st wave, frequency reduced to weekly

• Initially cumulative, later ‘delta’ files

• ICES previously received a quarterly feed of other 
laboratory test results (e.g., HbA1C, lipids, etc)

• Developed expertise in working with its complex data 

structure

• Frequency, volume, and text-based format of SARS-CoV-2 
results created new challenges
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Ontario Laboratories Information 
System (OLIS)

• Developed Python code to parse SARS-CoV-2 lab results
• Work to clean results on respiratory viruses (e.g., influenza) in OLIS 

was already underway

• Adapted code for SARS-CoV-2

• Converted text-based source data to more analytical-friendly format

• Collaborated with teams from Ministry of Health, Digital Services 

at Ontario Health and subject matter experts (e.g., microbiologists, 

infectious disease specialists)

• Validated code by comparing aggregate daily number of 

confirmed SARS-CoV-2 cases derived using OLIS vs. number of 

daily cases reported by the province (which uses CCM –

described below)
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Ontario Laboratories Information 
System (OLIS)

13

• 1st SARS-CoV-2 dataset received April 7, 2020; Python code 
published under open-source license April 15, 2020

• https://github.com/icescentral/COVID19-Lab-Results

• Adoption of code by Ministry of Health and Ontario Health enabled 
consistent interpretation of SARS-CoV-2 results and uniform 
reporting of COVID-19 metrics

https://github.com/icescentral/COVID19-Lab-Results


Ontario Laboratories Information 
System (OLIS)
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Public Health Case & Contact 
Management (CCM) Solution 

• Beginning May 2020 ICES received weekly feeds of 
the COVID-19 module of the Integrated Public Health 
Information System (iPHIS).
• CCM since replaced iPHIS for COVID-19 tracking

• Contains information on confirmed COVID-19 cases

• Risk factors (e.g., occupation, congregate setting, 
self-reported comorbidities)
• Some information not in ICES administrative databases

• Clinical outcomes (e.g., hospitalizations, death)
• More timely information for real-time reporting
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COVaxON

• Provincial database for COVID-19 vaccine 
administration and documentation, which is managed 
by the Ministry of Health

• Public Health Ontario (PHO) provides ICES with a 
cumulative file of vaccinated individuals weekly.
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Using COVID-19 Data for 

Reporting & Research
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Using COVID-19 Data for 
Reporting & Research
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Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)

OHIP Registered 
Persons Database 

(RPDB)

Ontario Health 
Insurance Plan 

(OHIP)

Ontario Drug 
Benefits (ODB)

Discharge Abstract 
Database (DAD)

Immigrant, Refugee 
and Citizenship 
Canada (IRCC) 

Permanent Resident 
File

Continuing Care 
Reporting System 

(CCRS)

Postal Code 
Conversion File 

(PCCF)

National Ambulatory 
Care Reporting 
System (NACRS)

Case and Contact 
Management (CCM) 

Solution



Using COVID-19 Data for 
Reporting & Research
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OHIP Registered 
Persons Database 

(RPDB)

Postal Code 
Conversion File 

(PCCF)

Age
Public Health Unit
Population denominators**
(Used for per capita testing metrics, 
vaccine coverage estimates)

Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)



Using COVID-19 Data for 
Reporting & Research
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Ontario Health 
Insurance Plan 

(OHIP)

Discharge Abstract 
Database (DAD)

National Ambulatory 
Care Reporting 
System (NACRS)

Comorbidities
Health care utilization

Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)



Using COVID-19 Data for 
Reporting & Research
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Immigrant, Refugee 
and Citizenship 
Canada (IRCC) 

Permanent Resident 
File

Immigration status
Recency & category of immigration
Country of origin

Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)



Using COVID-19 Data for 
Reporting & Research
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Case and Contact 
Management (CCM) 

Solution

Health care worker
Long-term care worker Individuals tested/

confirmed positive/ 
vaccinated for 

COVID-19
(OLIS, CCM, 
COVAXON)



Using COVID-19 Data for 
Reporting & Research
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Ontario Health 
Insurance Plan 

(OHIP)

Ontario Drug 
Benefits (ODB)

Continuing Care 
Reporting System 

(CCRS)

Long-term care residence

Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)



Using COVID-19 Data for 
Reporting & Research
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Individuals tested/
confirmed positive/ 

vaccinated for 
COVID-19

(OLIS, CCM, 
COVAXON)

Other congregate setting residents
(Using address recorded at the time 

of testing/vaccination)



Identifying Congregate Care 
Setting Residents
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• Residents of congregate care settings were identified as 

high-risk groups for COVID-19.
• Challenging to identify residents of these facilities using 

administrative data

• Existing algorithm to identify long-term care (LTC) home 

residents and widely used in ICES studies
• Physician and pharmacist billings, RAI-HC assessments in LTC

• COVID-19 datasets contained address information
• Questionable accuracy (e.g., address of resident or place of 

test/vaccination?)

• Non-standardized, text-based format



Identifying Congregate Care 
Setting Residents
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• Compared patient-level address information recorded in 

COVID-19 datasets with “master” lists of congregate 

facilities
• Retirement home addresses from Retirement Homes Regulatory 

Authority (RHRA)
• LTC facility addresses from Ministry of Health

• Data pack for address verification in DataFlux:
• Canada Post SERP (Canada Post data pack)

• Built in Quality Knowledge Base (QKB) - data and logic files for defining 

data management operations

• Match codes - alphanumeric representation for fuzzy matching data

• Clustering - ability to group records based on multiple conditions



Identifying Congregate Care 
Setting Residents
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“Master” list of congregate 
setting addresses

Non-standardized addresses 
recorded in OLIS



Identifying Congregate Care 
Setting Residents
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Cleaned & prepared addresses from 
raw data



Identifying Congregate Care 
Setting Residents
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Verified addresses using Canada 
Post data pack. 



Identifying Congregate Care 
Setting Residents
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Standardized verified addresses using 
QKB standardization.



Identifying Congregate Care 
Setting Residents
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Generate encoded representation of 
standardized addresses. 



ICES COVID-19 Reporting 

and Impact
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COVID-19 Testing Metrics
• Key metrics generated with ICES data holdings

• Percent positivity
• Per capita testing

• Generated weekly since May 2020

• Province-level

• Public Health Unit (PHU)-level

• Municipality-level

• Neighbourhood-level for selected PHUs
• Defined by postal codes, census-tracts

• Aligned with areas used for existing health promotion and community 
outreach

• Forward Sortation Area (FSA)-level

• In congregate care settings

• By age groups



COVID-19 Testing Metrics
• Percent positivity

• Measure of both testing capacity and virus prevalence, community 
transmission

• Per capita testing

• Measure of rate of testing in a population

• Together with percent positivity, can be used to evaluate whether level 
of testing is adequate relative to number of cases

Number of individuals testing positive for COVID-19
Number of individuals tested 

Number of individuals tested for COVID-19
Total number of individuals in population



Testing in Congregate Care 
Settings

• Used algorithm to identify LTC care residents, reported 
testing metrics by LTC facility
• April 17, 2020: First report send to Ontario COVID-19 

Command Table

• April 21, 2020: Enhanced testing started in LTC facilities

• Used fuzzy address matching techniques with address 
recorded in OLIS, reported on case counts and percent 
positivity by retirement home
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Public Reporting of SARS-CoV-2 
Testing Data
• First public report released May 2020

• COVID-19 Laboratory Testing in Ontario: Patterns 
of Testing and Characteristics of Individuals Tested 
as of April 30, 2020

• https://www.ices.on.ca/Publications/Atlases-and-
Reports/2020/COVID-19-Laboratory-Testing-in-Ontario

• Reported on SARS-CoV-2 testing trends 
by:

• Sociodemographic characteristics (e.g., 
marginalization indices)

• Comorbidities

• Long-term care residence
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https://www.ices.on.ca/Publications/Atlases-and-Reports/2020/COVID-19-Laboratory-Testing-in-Ontario
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Public Reporting of Testing Data
• Posted on ICES COVID-19 Dashboard



Public Reporting of Testing Data
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• Acquired Tableau to enable more interactive visualizations



PHU Uptake of Weekly Testing Data
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Public Uptake of Weekly Testing Data
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ICES COVID-19 dashboard is leveraged with the help of local and social media 

• Twitter impressions: 38,000+ with release of FSA-level data

• Media interviews in broadcast and print: 150+ media hits per week

• Potential media viewership: > 180 million, with top performing articles 

reaching nearly 60 million 



Public Reporting of Testing Data

• Second ICES report 
released Sept 2020

• COVID-19 in Immigrants, 
Refugees and Other 
Newcomers in Ontario: 
Characteristics of Those 
Tested and Those Confirmed 
Positive as of June 13, 2020

• https://www.ices.on.ca/Public
ations/Atlases-and-
Reports/2020/COVID-19-in-
Immigrants-Refugees-and-
Other-Newcomers-in-Ontario
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https://www.ices.on.ca/Publications/Atlases-and-Reports/2020/COVID-19-in-Immigrants-Refugees-and-Other-Newcomers-in-Ontario


Immigrants more likely to test positive, especially those 
who are members of racialized communities and those 

who arrived as refugees and more recently
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COVID-19 Vaccine Coverage
• Key metrics generated with ICES data holdings

• Vaccine coverage (at least 1, 2, 3 doses)

• Challenges for population denominators
• Who is currently residing in the province and eligible for 

vaccination?

• Are people without evidence of health service use over 
multiple years still residents?

• How accurate are 2016 Census projections at small areas?

• Generated weekly (then monthly) since March 2021 
by:
• Age group

• Geographical area

• Priority risk conditions

• Sociodemographic characteristics

• Neighbourhood-level COVID-19 risk



Public Reporting of Vaccine Data
• Vaccine coverage by age group and neighbourhood (FSA) 

COVID-19 risk



Public Reporting of Vaccine Data

• Vaccine coverage by age group and neighbourhood 

COVID-19 risk 

• March 23, 2021: Received request from Ontario COVID-19 

Science Advisory Table 

• March 24: Analytical team prepared initial output

• March 26: ICES shared initial report with Science Advisory Table, 

Public Health Ontario, and Ministry of Health (MOH)

• April 1: Updated analysis using more recent data presented at a 

Science Table Brief





Public Reporting of Vaccine Data
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Public Reporting of Vaccine Data

• Vaccine coverage by age and neighbourhood risk level

• April 2, 2021: ICES receives media requests for FSA-level data

• April 5: ICES shares FSA-level data with MOH, PHO, public health 

units and media

• April 6 (AM): Premier announces rollout to those aged 50+ y in 

COVID-19 ‘hotspots’

• April 6 (PM): ICES posts FSA-level data as downloadable file on 

COVID-19 Dashboard 

• April 7: Premier announces rollout to those aged 18+ y in hotspots
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Public Reporting of Vaccine Data

• ICES COVID-19 Dashboard
• https://www.ices.on.ca/DAS/AHRQ/COVID-19-Dashboard

• Updated weekly

• Downloadable files with FSA-level vaccine coverage
• Used by journalists to inform stories, create visualizations

53

https://www.ices.on.ca/DAS/AHRQ/COVID-19-Dashboard


Public Reporting of Vaccine Data
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Public Reporting of Vaccine Data
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Public Reporting of Vaccine Data

• Challenges

• Awareness of pressing policy topics and flexibility to rapidly 

prepare and add new relevant exhibits

• E.g., With Omicron surge and push for 3rd doses, what proportion of the 

population was eligible for and not yet received a 3rd dose?

• Creating public-friendly messaging and visualizations
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Numerous ad hoc requests 
from Knowledge Users
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• PHU- and neighbourhood-level reports on testing and vaccination 

in immigrants, newcomers & refugees

• Numerous other customized reports to support targeted testing 

and vaccination efforts in various risk groups

• E.g., ‘naturally occurring retirement communities’, pregnant 

individuals, immunocompromised, developmentally disabled 

• Population denominators for vaccine planning/monitoring by:

• PHU, age, marginalization indices (to assess equity)

• Various geographic areas

• Model inputs for vaccine rollout of 2nd doses in Delta hotspots



Organizational Adaptations 
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In response to COVID-19… 

Privacy & Legal Office

Priority privacy review and 
approval for COVID-19 

projects

Expedited review & 
execution of Data Sharing 

Agreements & 
Amendments  

Strategic Partnerships

New data partners established 
to bring in new data holdings 

Negotiated with existing partners 
import existing data holdings   

more frequently

Data Quality & Information 
Management 

Prioritized resources to 
process and link high-

volume data feeds 
frequently

Leveraged new, innovative 
methods (eg, text-mining, 

address matching) to 
enhance use of COVID-19 

related data holdings
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In response to COVID-19… 

Research & Analytics / 

Data Analytic Services

Prioritized human 
resources to 

accommodate rapid 
increase in COVID-19 

projects

Created analytical 
datasets, macros, & 

definitions to be used 
across COVID-19 
reports/projects

Science Office

Established committee 
of staff and scientists to 

prioritize COVID-19 
related initiatives and 

review  projects for 
potential overlap

Led discussions about 
analytical plans, 
interpretation of 

results for ICES COVID-
19 Dashboard

Information Technology

Enhanced analytical 
environment, including 
expanding data storage 

capacity, for new 
COVID-19 data

Modified scheduled 
maintenance to 

accommodate COVID-
19 reporting schedule

Organizational Adaptations 
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Thank you!

Questions?

Michael Paterson (Michael.Paterson@ices.on.ca) 

Hannah Chung (Hannah.chung@ices.on.ca)
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