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Abstract
The COVID-19 pandemic has highlighted the need for a 
robust and nimble public health data infrastructure. ICES – 
a government-sponsored, independent, non-profit research 
institute in Ontario, Canada – functions as a key component 
of a resilient information infrastructure and an enabler of 
data co-production, contributing to Ontario’s response to 
the COVID-19 pandemic as part of a learning health system. 
Linked data on the cumulative incidence of infection and 
vaccination at the neighbourhood level revealed disparate 
uptake between areas with low versus high risk of COVID-
19. These data were leveraged by the government, service 
providers, media and the public to inform a more efficient 
and equitable vaccination strategy.

Introduction
As the world has struggled to respond to the COVID-19 
pandemic, many jurisdictions have faced the challenges of 
effectively generating and leveraging accurate, timely data 
to support decision making, thus highlighting an increased 
need for robust public health data infrastructure at local, 
national and global levels (Foraker et al. 2020). Challenges 
have included difficulty in aggregating local data up to the 
regional level, interoperability of multiple information systems 
(Arvisais-Anhalt et al. 2021), an ecosystem mired by data silos 
(O’Reilly-Shah et al. 2020) and inadequate data governance 
(Sittig and Singh 2020). Concurrently, the public desire for 
data and evidence-based policies to combat COVID-19 is 
strong (Schultz and Ward 2021), as is the demand for up-to-
date information on the pandemic, which is evidenced by the 
ubiquity of “COVID-19 dashboards” (Fareed et al. 2021; Pietz 
et al. 2020). 

Public engagement with data has fuelled a culture of 
co-production, whereby citizens play a key role in both the 
formulation and execution of public policy (Whitaker 1980). 
This phenomenon has been amplified in the current digital 
age through social media (Linders 2012) and consists of three 
components: government, citizens and knowledge generators 

(the latter comprising academia, research institutes and others) 
(Tangcharoensathien et al. 2021). Collaboration between 
these groups results in higher acceptance and compliance with 
enduring public policies than the more traditional top-down 
strategies for the implementation of public health policy  
(Wasi 2000). 

Here, we describe how ICES – a government-sponsored, 
independent, non-profit research institute in Ontario,  
Canada – functions as both a key component of a “resilient 
information infrastructure” (Scholl and Patin 2014) and an 
enabler of data co-production in contributing to Ontario’s 
response to the COVID-19 pandemic as part of a learning 
health system (Foraker et al. 2020). 

ICES’s involvement was in part enabled by the creation of 
the Ontario Health Data Platform (2020), in which ICES is 
a partner and which has brought together data from multiple 
sources and shared them with scientists across the province, 
thereby enabling a rapid response to information needs stimu-
lated by the pandemic. This paper also illustrates how timely 
generation of COVID-19 vaccine coverage data at ICES 
has been leveraged by the government, public health units, 
community organizations, clinicians, scientists, the media and 
the public at large to inform a more efficient and equitable 
vaccination strategy. 

Challenges to Equitable Vaccine Distribution
The COVID-19 pandemic has illuminated and intensified 
systemic and structural inequities in Canada and elsewhere 
(Bambra et al. 2020). In the United Kingdom, Black and South 
Asian people as well as populations living in poor or marginal-
ized areas were substantially more likely to be diagnosed with 
and die of COVID-19 (Public Health England 2020; Wadhera 
et al. 2020; Williamson et al. 2020). In New York City and 
the state of Illinois, US, COVID-19 incidence and death rates 
were higher in areas with more poverty, crowded households 
and people of colour (Chen and Krieger 2021). In Canada, 
areas with the highest proportions of visible minorities had 
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COVID-19-related death rates that were close to two times 
higher than areas with the lowest proportions; in Quebec and 
Ontario, the comparable death rate was three times higher, 
and in British Columbia, it was more than 10 times higher 
(Statistics Canada 2021). In Ontario, individuals have been at 
increased odds of a COVID-19 diagnosis and related hospi-
talizations and deaths if they live in areas with high household 
density, low educational attainment and larger proportions of 
recent immigrants (Sundaram et al. 2020), challenging social 
determinants of health and measures of income inequality 
(Mishra et al. 2021), higher ethno-cultural diversity (Ontario 
Agency for Health Protection and Promotion 2020a) and neigh-
bourhood material deprivation (Ontario Agency for Health 
Protection and Promotion 2020b). Immigrants, refugees and 
other newcomers, who make up roughly 25% of the Ontario 
population and are more likely than the Canadian-born to be 
essential workers, accounted for 44% of all COVID-19 cases 
in the first wave (Guttmann et al. 2020). Finally, data from 
Toronto Public Health indicate the high toll of disease on racial-
ized communities: where valid data on race were collected, 76% 
of reported cases and 67% of hospitalizations occurred among 
racialized individuals, although this group accounts for only 
52% of the population (City of Toronto 2021). 

In Canada, the National Advisory Committee on 
Immunization (NACI) develops evidence-based recommen-
dations on the use of authorized vaccines (Desai et al. 2015). 
In anticipation of an initial scarcity of COVID-19 vaccines, 
NACI released a document in November 2020 that identified 
the following key populations for early COVID-19 immuni-
zation: people at high risk for severe illness and death, those 
most likely to transmit to high-risk individuals, essential 
workers and people with elevated risk for infection due to 
living or working conditions or disproportionate consequences 
(i.e., Indigenous communities) (Government of Canada 2020). 
NACI also emphasized that the vaccine rollout should be 
informed by an “ethics, equity, feasibility and acceptability 
framework” (Ismail et al. 2020: 5861). Ontario released its 
three-phase vaccination strategy in December 2020. The first 
phase targeted seniors in congregate living settings, healthcare 
workers, Indigenous people, chronic homecare recipients and 
adults aged 80 years and older. The second phase targeted 
adults aged 60–79 years in decreasing five-year age increments, 
individuals in other high-risk congregate settings (such as 
shelters and penitentiaries), individuals with high-risk chronic 

health conditions and their caregivers and people unable to 
work from home (Ontario COVID-19 Vaccine Distribution 
Task Force 2020a). Shortly thereafter, the Ontario govern-
ment released its Ethical Framework for COVID-19 Vaccine 
Distribution, which emphasizes equity and fairness as key 
pillars underpinning vaccine distribution in the province 
(Ontario COVID-19 Vaccine Distribution Task Force 2020b).

In March 2021, the Ontario government announced that 
it would allocate up to 920,000 additional doses to the 13 of 
34 public health units that had historic and ongoing high rates 
of COVID-19 cases and related hospitalizations and deaths. 
However, eligibility criteria at the time remained primarily 
age based, and as of the beginning of April 2021, no explicit 
policies were in place to prioritize communities with large 
populations of essential workers and high-density house-
holds, which were disproportionately affected by COVID-19 
(Government of Ontario 2021a). Modelling from Ontario’s 
Science Table showed that a vaccine distribution strategy based 
on a combination of age and residence in neighbourhoods 
with the highest burden of COVID-19 would lead to more 
effective containment of SARS-CoV-2 in the broader popula-
tion in comparison to a strategy based on age alone (Brown 
et al. 2021). In addition, the experiences of the UK and the 
US, where vaccine supplies had allowed an earlier rollout to 
younger populations, suggested that important inequities 
had emerged. Black people and individuals living in more 
deprived neighbourhoods had lower vaccination rates in the 
UK (The OpenSAFELY Collaborative et al. 2021) and in 
New York City (NYC Health 2021). Important considerations 
included structural barriers such as access to the Internet to 
book appointments, the need for time off work and trans-
portation to attend clinics (Zhang and Fisk 2021), as well 
as, in some cases, distrust owing to racism in healthcare and 
the historical unethical treatment of the Black community in 
research studies (Momplaisir et al. 2021). 

Contribution of ICES’s Linked Data 
Infrastructure to the Vaccine Rollout
Considering the emerging international evidence, ICES 
undertook analyses to characterize the state of vaccine 
coverage in Ontario as of March 29, 2021. Decades of experi-
ence conducting epidemiologic research using healthcare and 
demographic data allowed ICES to exploit a robust information 
infrastructure consisting of not only rich, population-based 
data holdings but also a network of expert staff and scientists, 
a strong track record of developing strategic partnerships and 
a proven system of data governance. The analytics to support 
the vaccine strategy were enabled by the linkage of information 
on the cumulative incidence of infection, severe outcomes and 
vaccination at the neighbourhood level.

These data were leveraged by the 
government … and the public to 
inform a more efficient and equitable 
vaccination strategy.
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Neighbourhood cumulative risk for COVID-19 was deter-
mined using a comprehensive provincial testing database and 
calculated from the beginning of the pandemic. Geographic 
neighbourhoods were defined using postal forward sortation 
areas (FSAs), each identified by the first three characters of 
its postal code. FSAs were then grouped into population-
based deciles (each representing a neighbourhood risk group) 
based on the cumulative incidence of laboratory-confirmed 
SARS-CoV-2 infection among residents not living in long-
term care facilities within each FSA, as of March 28, 2021. 
Data on vaccinations were obtained from the provincial 
registry established to record all COVID-19 vaccinations 
administered in Ontario (COVaxON). Within deciles, 
individuals were stratified by age group. Vaccine coverage was 
defined as the number of community-dwelling residents in 
each age group and neighbourhood risk stratum who received 
at least one dose of vaccine, divided by the total number of 
residents in that stratum. The Registered Persons Database, 
which contains information on persons registered with the 
Ontario Health Insurance Plan, was used to determine both 
the postal code and corresponding FSA for each resident and 
the population for each age–FSA risk stratum. 

Table 1a (available online at longwoods.com/
content/26553) shows our initial findings on March 29, 2021. 
Overall vaccine coverage (of at least one dose) among Ontario 
adults was 13%, with the highest coverage among those aged 
80 years and older. However, of concern was the magnitude 
of the disparity that our analyses revealed. Coverage was the 
lowest (9%) in the FSAs with the highest neighbourhood risk 
and highest (15%) in the FSAs with the lowest risk. The largest 
disparity was observed among those aged 80 years and older, 
the age group that was prioritized for vaccination at that time, 
with vaccine coverage ranging from 50% to 70% across neigh-
bourhood risk groups; this pattern was also observed among 
adults younger than 60 years of age. 

These initial data were shared with the provincial govern-
ment and the public at large through the Ontario COVID-19 
Science Advisory Table (Sander et al. 2021) and were also 
posted on the ICES website (https://www.ices.on.ca/
DAS/AHRQ/COVID-19-Dashboard). We also published 
downloadable aggregated data files reporting FSA-level 
weekly COVID-19 percent positivity rates and the cumula-
tive incidence of COVID-19 cases, hospitalizations, deaths 
and vaccinations. These data files were accessed by many local 
and national news outlets as well as by other researchers and 
citizens, who were then able to create additional data visuali-
zations and perform secondary analyses (Hune-Brown 2021; 
Iveniuk and Leon 2021) to raise public awareness.

On April 6, 2021, less than a week after these data were 
published, the Ontario government announced plans for a 

supplementary vaccination strategy whereby approximately 
30% of neighbourhoods were designated as “hot spots” due to 
their historically high rates of COVID-19-related deaths and 
hospitalizations (Government of Ontario 2021b). Additional 
vaccines were allocated to these neighbourhoods, and 
residents’ age of eligibility was lowered. ICES also provided 
each public health unit with the numerators and denomina-
tors used to calculate disease incidence and vaccine coverage 
rates for FSAs in their jurisdiction. The public health units, 
in conjunction with their hospital and community partners, 
used these FSA-level data to inform local vaccination efforts, 
including eligibility criteria for and locations of mass vaccina-
tion sites and hospital-, pharmacy- and primary care–based 
clinics as well as pop-up sites at community centres, schools 
and places of worship (Government of Ontario 2021c).

ICES monitored the strategy’s effectiveness with weekly 
updates to the grid (biweekly data are shown in Table 1) and 
an additional visualization emphasizing week-over-week gains 
by age group (Table 2, available online at longwoods.com/
content/26553). Overall, the targeted strategy reduced dispari-
ties in vaccine coverage by age group and neighbourhood 
COVID-19 risk. As the weeks progressed, higher coverage 
rates were seen in descending age groups, in line with the 
age-based component of the strategy (Table 1). By May 10, 
2021, overall vaccine coverage among adults in Ontario was 
46%, and coverage among those younger than 70 years of 
age, who were the primary focus of the new strategy, was the 
highest in high-risk neighbourhoods. Particularly striking 
has been the large week-over-week gains seen among those 
aged 16–49 years, corresponding with a further allocation 
of 50% of the province’s vaccines to a number of pop-up 
clinics open to adults of any age residing in hot spots (Table 
2). However, a large absolute difference across neighbourhood 
risk persisted among those aged 80 years and older, although 
overall coverage rates in these groups were high at more than 
80% (Table 1). Additional work conducted at ICES using 
linkages to federal immigration data showed that across all 
age groups and levels of neighbourhood risk, vaccine uptake 
was lower among immigrants, refugees and other newcomers 
(ICES 2021). These analyses similarly point to opportunities 
to improve the vaccination rollout to ensure equity and the 
greatest impact for controlling COVID-19 in Ontario.

Conclusion
This case study illustrates the tremendous value of government 
investment in scientific and data infrastructure that allows for 
timely access to population-based, individual-level data that can 
be summarized at the local level to meaningfully inform health 
system decision making. These data insights have been made 
widely available to the public and community organizations to 
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support critical, locally driven initiatives to improve access to 
care. Providing such analyses in near real time helped improve 
transparency and build trust, both important for effective 
management of a public health emergency.  
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