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Key Message

Ontario’s initial mass COVID-19 vaccination strategy in place until April 8, 2021 was
based on per-capita regional allocation of vaccines with subsequent distribution —in
order of relative priority — by age, chronic health conditions and high-risk
congregate care settings, COVID-19 hotspots, and essential worker status.

Early analysis of Ontario’s COVID-19 vaccine rollout reveals inequities in vaccine
coverage across the province, with residents of higher risk neighbourhoods being
least likely get vaccinated.

Accelerating the vaccination of COVID-19 hotspots and essential workers will
prevent considerably more SARS-CoV-2 infections and COVID-19 hospitalizations,
ICU admissions and deaths as compared with Ontario’s initial mass vaccination
strategy (Figure 1).
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Figure 1. Percentage of COVID-19 Hospitalizations, ICU Admissions and Deaths Prevented by Vaccinating 3 Million
Ontarians Comparing the Initial Vaccination Strategy with a Strategy Accelerating the Vaccination of Residents
and Essential Workers in Hotspots

Bar chart showing the percentage of COVID-19 hospitalizations, ICU admissions and deaths that could be prevented
by vaccinating 3 million Ontarians according to the initial mass vaccination strategy, which was in place until April 8,
2021, and by accelerating vaccination of residents and essential workers in hotspots. We projected the cumulative
number of COVID-19 hospitalizations, ICU admissions and deaths prevented at 60 days after the start of a 30-day
vaccination period with the two strategies relative to a scenario of no further vaccination from April 9, 2021,
onwards.
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Advisory Table, its Working Groups, and its
partners.

Summary

Background

Ontario’s initial mass COVID-19 vaccination strategy in place until April 8, 2021 was
based on per-capita regional allocation of vaccines with subsequent distribution — in
order of relative priority — by age, chronic health conditions and high-risk
congregate care settings, COVID-19 hotspots, and essential workers in non-
healthcare settings. As of April 5, 2021, 15% of Ontarians had received at least one
dose of a COVID-19 vaccine.

Recent evidence indicates that COVID-19 vaccines not only protect directly against
symptomatic COVID-19, but also against asymptomatic SARS-CoV-2 infection and
against transmission to others. The indirect impact (benefits accrued even by those
who are not yet vaccinated) can be captured by transmission models to estimate the
direct and indirect impact of vaccination strategies.

Questions

How has COVID-19 vaccination coverage varied between neighbourhoods with
different COVID-19 risks?

How have per-capita rates of SARS-CoV-2 cases differed between neighbourhoods
with high and low proportions of essential workers in non-healthcare settings?

Could accelerating the vaccination of essential workers, their families and other
residents living in COVID-19 hotspots prevent more SARS-CoV-2 infections and
COVID-19 hospitalizations, ICU admissions and deaths as compared with Ontario’s
initial mass vaccination strategy?

Findings

By April 5, 2021, residents of neighbourhoods with the lowest risk of SARS-CoV-2
infections were 1.5 times more likely to have received at least one COVID-19 vaccine
dose, as compared to residents of neighbourhoods with the highest risk of SARS-CoV-2
infections.

In Toronto, neighbourhoods with the highest proportion of essential workers in non-
healthcare settings continue to experience a 3-fold higher incidence of SARS-CoV-2
infections as compared to neighbourhoods with fewer essential workers.

Accelerating the vaccination of essential workers, their families and other residents
living in COVID-19 hotspots is projected to prevent considerably more infections in
those aged 16 to 59 years. Even though the hotspot-accelerated strategy results in
slower vaccination of individuals aged 60 years and above in non-hotspots, it
prevents more infections also in this age group as a result of faster vaccination in
hotspots (direct impact), and prevention of infections passed from younger to older
adults (indirect impact). A hotspot-accelerated vaccination strategy is also projected
to prevent a larger number of COVID-19 hospitalizations, ICU admissions and deaths
than Ontario’s initial vaccination strategy.

Interpretation

Early analysis of Ontario’s COVID-19 vaccine rollout reveals inequities in vaccine
coverage across the province, with residents of neighbourhoods with higher COVID-
19 risk being least likely to get vaccinated. At the same time, COVID-19 continues to
disproportionately impact neighbourhoods with the highest proportion of essential
workers.
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Accelerating the vaccination of residents and essential workers in COVID-19 hotspots
will substantially reduce the overall incidence of SARS-CoV-2 infections, COVID-19
hospitalizations, ICU admissions and deaths among both younger and older Ontarians.

Background

In Ontario, half of all SARS-CoV-2 infections are in 20% of neighbourhoods.1 These
neighbourhoods are referred to as COVID-19 hotspots. COVID-19 hotspots have the
highest incidence of infections, they are also the neighborhoods with the highest
proportion of essential workers who are unable to work from home and must travel
to their place of employment.” Risk factors for heightened acquisition and
transmission in these neighborhoods include lower-income, multigenerational
households, high density housing, precarious working conditions, a lack of paid sick
leave, and difficulty in access to or uptake of interventions such as isolation,
guarantine and tes'fing.3_5

Ontario’s initial mass COVID-19 vaccination strategy in place until April 8, 2021 was
based on per capita regional allocation of vaccines with subsequent distribution — in
order of relative priority — by age, chronic health conditions and high-risk
congregate care settings, COVID-19 hotspots, and essential workers in non-
healthcare settings.

As of April 5, 2021, 15% of Ontarians have received at least one dose of a COVID-19
vaccine. Residents of COVID-19 hotspots and essential workers experience barriers
to accessing COVID-19 vaccination. Essential workers cannot work from home, and
are employed in the trades, transport, equipment, manufacturing, utilities, sales,
services, agricultural, and health care sectors.®

Recent evidence indicates that COVID-19 vaccines not only protect against symptomatic
COVID-19,”® but also against asymptomatic SARS-CoV-2 infection and thus,
transmission.” ™" Accelerated vaccination of a large proportion of residents and essential
workers in COVID-19 hotspots has the potential to not only result in direct benefits for
vaccinated individuals (prevention of symptomatic disease), but also in indirect benefits
for unvaccinated individuals (prevention of transmission from vaccinated to
unvaccinated individuals). These indirect benefits can now be incorporated into models
to estimate the impact of different vaccination strategies. As an example, transmission
modeling from British Columbia and Spain suggests considerable population-level
benefit for all age-groups of vaccinating those who may be most at risk of acquisition
and transmission of SARS-CoV-2, such as essential workers."**3

Questions

How has COVID-19 vaccination coverage varied between neighbourhoods with
different COVID-19 risks?

How have per-capita rates of SARS-CoV-2 cases differed between neighbourhoods
with high and low proportions of essential workers in non-healthcare settings?

Could accelerating the vaccination of essential workers, their families and other
residents living in COVID-19 hotspots prevent more SARS-CoV-2 infections and
COVID-19 hospitalizations, ICU admissions and deaths as compared with Ontario’s
initial mass vaccination strategy?

Findings

Across Ontario, neighbourhoods with the highest risk of SARS-CoV-2 infection had the
lowest rates of COVID-19 vaccination. Figure 2 presents the COVID-19 vaccination
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coverage of Ontarians aged 16 years and above by neighborhood COVID-19 risk.
Residents of neighbourhoods with the lowest risk of SARS-CoV-2 infections (COVID-19
neighbourhood risk group 10) were 1.5 times more likely to have received at least one
COVID-19 vaccine dose by April 5, 2021, as compared to residents of neighbourhoods
with the highest risk of SARS-CoV-2 infections (COVID-19 neighbourhood risk group 1,
Figure 2A)." However, the average incidence of SARS-CoV-2 infections between March
7 and April 3, 2021 was 9 times lower in neighbourhoods with the lowest risk of SARS-
CoV-2 infections (Figure 2B).

12% 4
10% o
8%

6% -

Vaccine Coverage (%)

4% A

2% A

A~

Figure 2. COVID-19 Vaccine Coverage and Incidence of Confirmed SARS-CoV-2 Infections in Ontario as of early April 2021
Panel A presents COVID-19 vaccine coverage in Ontario for inhabitants aged 16 years and older, as of April 5, 2021,
by neighbourhood COVID-19 risk group. Panel B presents the average incidence of confirmed SARS-CoV-2 infections
per 100,000 inhabitants in Ontario per day, from March 7 to April 3, 2021, by neighbourhood COVID-19 risk group.
Neighbourhood risk groups are determined by ranking Ontario’s 509 neighbourhoods in 10% increments according
to the cumulative incidence of SARS-CoV-2 infections between Jan 23, 2020 and Jan 16, 2021." Each risk group
represents 10% of the Ontario population (~1.5 million inhabitants). Group 1 includes neighbourhoods with the
highest cumulative incidence of SARS-CoV-2 infection, whereas group 10 includes neighbourhoods with the lowest
cumulative incidence of SARS-CoV-2 infection. Data sourced from the Public Health Case and Contact Management
Solution and other case management systems (CCM plus) and the ICES COVID-19 Dashboard.™
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Figure 3 presents the incidence of new SARS-CoV-2 infections based on the
proportion of essential workers in non-healthcare settings living in Toronto’s
neighbourhoods, separated into thirds based on the proportion of essential workers
in non-healthcare settings.” Neighbourhoods with the highest proportion of
essential workers in non-healthcare settings continued to experience a 3-fold higher
incidence of SARS-CoV-2 infections as compared to Toronto neighbourhoods with
the lowest proportion of essential workers. These neighbourhoods also have the
highest proportion of multi-generational households.
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Figure 3. Daily Incidence of Confirmed SARS-CoV-2 Infections by Proportion of Essential Workers in Non-
Healthcare Settings Living in Toronto’s Neighbourhoods, January 20, 2020 to March 23, 2021

Science Briefs | https://covid19-sciencetable.ca/science-briefs April 23,2021 | 4


https://covid19-sciencetable.ca/science-briefs/

Ontario COVID-19 Science Advisory Table A Vaccination Strategy for Ontario COVID-19 Hotspots and Essential Workers

Line graph presenting the 7-day moving average of confirmed SARS-CoV-2 infections per 100,000 inhabitants in the
City of Toronto from January 20, 2020 to March 23, 2021 excluding long-term care (LTC) home residents.
Neighbourhoods are separated into thirds, based on the proportion of essential workers in non-healthcare settings
living in the neighbourhoods. The top third represents the 33% of neighbourhoods (by overall population size) with
the highest proportion of essential non-healthcare workers; the bottom third represents the 33% of neighbourhoods
(by overall population size) with the lowest proportion of essential non-healthcare workers. Neighbourhoods are
defined by dissemination areas of 400 to 700 residents.**> Data sourced from Case and Contact Management
Solutions (CCM)+ and the Statistics Canada 2016 Census.

Figure 4 compares the projected impact of two vaccination scenarios: Ontario’s
initial COVID-19 vaccination strategy versus a strategy that accelerates the
vaccination of essential workers, their families and other residents living in COVID-
19 hotspots. In both scenarios, 3 million doses of COVID-19 vaccine are administered
over 30 days (100,000 doses per day starting on April 9, 2021), and the number of

new SARS-CoV-2 infections over 60 days (April 9 to June 7, 2021) is determined.
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Figure 4. Percentage of SARS-CoV-2 Infections Prevented by Vaccinating 3 Million Ontarians Comparing the Initial
Vaccination Strategy with a Strategy Accelerating the Vaccination of Residents and Essential Workers in Hotspots

Bar chart showing the percentage of SARS-CoV-2 infections prevented by vaccinating 3 million Ontarians according
to the initial vaccination strategy™®"” and according to a strategy accelerating the vaccination of essential workers,
their families and other residents living in COVID-19 hotspots. We projected the number of SARS-CoV-2 infections
prevented with the two vaccination strategies relative to a scenario of no further vaccination from April 9, 2021,
onwards.

Ontario’s initial mass COVID-19 vaccination strategy emphasized age-based
prioritization, with vaccines distributed equally across the ten COVID-19
neighbourhood risk groups, consistent with the province’s per capita allocation of
vaccines.'® For the initial strategy, we assumed that 80% of the population aged 60
years and above would be vaccinated by April 28, 2021, at which point the strategy
would proceed to vaccinating individuals aged 16 to 59 years of age. In the initial
strategy,lG’17 an additional 900,000 doses were allocated to COVID-19 hotspots. We
assumed that these allocated doses would be distributed at a rate of 450,000 doses
per month, and would be administered to produce equal coverage across the
neighbourhood risk groups, mitigating the previously observed disparities in vaccine
coverage across the groups (see Figure 2).

In the hotspot-accelerated vaccination strategy, we assumed that 50% of COVID-19
vaccines (50,000 per day) would be distributed to the 74 COVID-19 hotspots in
neighbourhood risk groups 1 and 2 (the 20% of neighbourhoods with the highest
cumulative incidence of SARS-CoV-2).! We further assumed that these vaccines
would be distributed to individuals aged 16 years and above with no age-based
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prioritization in these hotspots. For the remaining 50% of COVID-19 vaccines we
assumed equal distribution across all ten COVID-19 neighbourhood risk groups, and
that these vaccines would be used to vaccinate individuals aged 60 years and above
in all neighbourhoods, including hotspots, with an age-based prioritization
approach. With this strategy, the vaccination of the 74 hotspots would be
completed within 25 days, assuming vaccine coverage of 80% in those aged 60 years
and above, and 70% in those aged 16 to 59 years. All vaccine doses available after 25
days would then be distributed equally across the remaining neighbourhoods.

Figure 4 indicates that compared to Ontario’s initial COVID-19 vaccination strategy,
a strategy that accelerates vaccination of residents and essential workers in COVID-
19 hotspots would prevent a larger number of SARS-CoV-2 infections between April
9 and June 7, 2021. The hotspot-accelerated vaccination strategy is also projected to
prevent a larger number of infections in individuals aged 16 to 59 years and among
individuals aged 60 years and above even though the strategy results in slower
vaccination of individuals aged 60 years and above.

Continue Ontario’s initial

COVID-19 vaccination Hotspot-accelerated

No vaccination beyond

April 8, 2021 vaccination strategy
strategy
SARS-CoV-2 infections 313,124 231,531 174,738
COVID-19 hospitalizations 12,352 8,003 6,272
COVID-19 ICU admissions 1,833 1,191 933
COVID-19 deaths 4,740 2,745 2,228

Table 1. Cumulative Projected SARS-CoV-2 Cases, COVID-19 Hospitalizations, ICU Admissions and Deaths in Ontario
Cumulative projected SARS-CoV-2 cases, COVID-19 hospitalizations, ICU admissions and deaths in Ontario from April
9 to June 7, 2021, under three scenarios: 1) no additional vaccination beyond April 8, 2021, 2) continue Ontario’s
initial COVID-19 vaccination strategy, and 3) a hotspot-accelerated strategy that accelerates the vaccination of
essential workers in non-healthcare settings, their families and other residents living in COVID-19 hotspots.

Figure 1 and Table 1 present the projected impact of the two vaccination strategies
compared with no vaccinations beyond April 8, 2021. Projected outcomes include
the number of COVID-19 hospitalizations, ICU admissions, and deaths in Ontario
between April 9 and June 7, 2021. Compared with the initial strategy, the hotspot-
accelerated vaccination strategy is projected to prevent an additional 14% of COVID-
19 hospitalizations, 14% of COVID-19 ICU admissions and 11% of COVID-19 deaths in
Ontario’s population aged 16 years and older. With 3 million doses available over 30
days, the number of vaccinations needed to prevent 1 confirmed SARS-CoV-2
infection is 37 with the initial strategy and 22 with the hotspot-accelerated strategy.

Interpretation

Early analysis of Ontario’s COVID-19 vaccine rollout reveals inequities in vaccine
coverage across the province. The impact of COVID-19 is highest in Ontario
neighbourhoods with the largest proportion of essential workers.> As of April 5,
2021, residents of neighbourhoods with the highest risk of SARS-CoV-2 infection had
the lowest rates of COVID-19 vaccination.

Recent evidence indicates that COVID-19 vaccines not only protect against
symptomatic COVID-19,”® but also against asymptomatic SARS-CoV-2 infection and
transmission.> ™! These indirect benefits were incorporated into models that compare
vaccination strategies that leverage both the direct and indirect benefits of vaccination.

Accelerating the vaccination of essential workers, their families and other residents
living in COVID-19 hotspots by immediately reallocating 50% of the next 3 million
vaccines to the 20% of neighbourhoods with the highest cumulative incidence of
SARS-CoV-2, and vaccinating all residents aged 16 years and above in these
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neighbourhoods could substantially reduce the overall incidence of SARS-CoV-2
infections, COVID-19 hospitalizations, ICU admissions and deaths in both younger
and older Ontarians. This is because the hotspot-accelerated vaccination strategy
not only affords more direct protection to Ontario’s younger residents and essential
workers in COVID-19 hotspots, but it also affords substantially more indirect
protection to older adults in these hotspots.12 Essential workers experience a
disproportionately high burden of SARS-CoV-2 infection, especially in the absence of
paid sick leave and enhanced supports for workplace safety.2 Older adults, especially
those living in multigenerational households, will benefit from fewer infections
among younger adults, many of whom are essential workers.

On April 13, 2021, Ontario communicated an updated COVID-19 mass vaccination
strategy to accelerate the vaccination of COVID-19 hotspots. The updated strategy
involves vaccinating adults aged 18 years and older in the highest risk hotspots
identified in Toronto and Peel, and later vaccinating the remainder of 114 defined
hotspots across the province.”® Of note, the province defined hotspots
predominantly based on the top three COVID-19 neighbourhood risk groups
identified in the Science Brief entitled A Strategy for the Mass Distribution of COVID-
19 Vaccines in Ontario Based on Age and Neighbourhood,' with neighbourhoods
ranked in the top 30% of cumulative SARS-CoV-2 incidence. In addition, they
based the selection of hotspots on outbreak data and a list of neighbourhoods with
low testing rates and sociodemographic barriers that may result in lower vaccine
up‘cake.zo'21 Ontario’s updated vaccination strategy would distribute 25% of vaccines
to the identified 114 hotspots and the remaining 75% would be equally distributed
across the province (including hotspots).22 This means that 47.5% of Ontario’s COVID
-19 vaccine supply would be allocated to the 30% of Ontario’s population living in
114 hotspots identified by the province.

The hotspot-accelerated vaccination strategy suggested in this Science Brief would
allocate 50% of COVID-19 vaccines to the 74 COVID-19 hotspots ranked in the top
20% of cumulative SARS-CoV-2 incidence among all Ontario neighbourhoods, and
the remaining 50% of vaccines would be equally distributed across the province
(including hotspots)." This means that 60% of Ontario’s COVID-19 vaccine supply
would be allocated to the 20% of Ontario’s population living in the hotspots
identified by the Ontario COVID-19 Science Advisory Table." Additional benefits
would be realized by further prioritizing warehouses, factories and other facilities
with large numbers of COVID-19 outbreaks.

There are important caveats to the results of our analyses. The highest COVID-19
risk neighbourhoods were modeled separately from remaining neighbourhoods. As
such, our estimates underestimate the potential benefit of the hotspot-accelerated
strategy on the overall population: we do not explicitly capture the indirect benefits
of the prevention of infection spillover from hotspots into low-risk neighbourhoods.
Our model also does not explicitly stratify the adult population into individuals who
are essential workers and those who are not. However, the model accounts for
higher rates of workplace-related contacts since COVID-19 hotspots have a higher
proportion of essential workers.

Realizing the potential impact of the hotspot-accelerated vaccination strategy will
require meaningful community engagement, investment in, and support for, the
implementation and logistics of community-level vaccine distribution. Examples of
community-level distribution include implementation through trusted and
established community programs, health-care providers (especially primary care
physicians, nurse practitioners, and community health centers), and employer-based
programs for essential workers.
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Methods Used for This Science Brief

We developed an age-stratified mathematical model of SARS-CoV-2 transmission,
using a modified SEIR system of compartments (susceptible, exposed, infectious,
and recovered) with COVID-19 vaccination. The model simulated contacts within
and between two age-groups (age 16-59 years of age; and 60 years of age and
above) and separately modelled high SARS-CoV-2 incidence neighbourhoods or
“COVID-19 hotspots” (20% of the Ontario population over age 16) and lower-
incidence neighbourhoods (80% of the Ontario population over age 16).

The model used Ontario demographic and surveillance data on the hotspots (two
highest SARS-CoV-2 incidence neighbourhood groups as per Brown et al.l) and the
remaining forward sortation areas (FSAs, eight lowest SARS-CoV-2 incidence
neighbourhood groups as per Brown et al.l), to reflect the following summary
measures: estimated reproductive rates and relative rates of cumulative and weekly
SARS-CoV-2 infections (in March 2021) between COVID-19 hotspots and lower-
incidence FSAs; cumulative proportion of total provincial cases among over age 16
years that are in the hotspots (50-55%); relative rates of cumulative and weekly
diagnoses (in March 2021) between age-groups within and between hotspots and
lower-incidence FSAs.

Inputs on contact rates and patterns by age-group were based on the CONNECT
study but calibrated to the effective reproduction number in the hotspots and lower
SARS-CoV-2 incidence neighbourhoods.23 As such, rates of contacts were higher in
the COVID-19 hotspots stemming from a larger proportion of the population who
are not able to work remotely (essential workers).

Vaccination was assumed to reduce acquisition of infection with an efficacy of 60%
after one dose.*™ The model captured direct and indirect benefits of vaccinations
within the hotspots, and within the lower SARS-CoV-2 incidence FSAs. The model
included the current proportion of the age-stratified population in COVID-19
hotspots and lower SARS-CoV-2 incidence neighbourhoods estimated as immune
following infection (“recovered”), current proportion infectious (active SARS-CoV-2
cases diagnosed and undiagnosed), and current proportion who have received at
least one dose of a COVID-19 vaccine as of April 5, 2021 based on the ICES
Dashboard.™ With this approach the model will underestimate the impact of COVID-
19 vaccination in one region (COVID-19 hotspots) on lower-SARS-CoV-2 incidence
neighbourhoods, and vice-versa; as the previous model assumes independence of
COVID-19 hotspots and lower SARS-CoV-2 incidence neighbourhoods. Vaccination
was assumed to reduce acquisition of infection with an efficacy of 60%.°"" The
model captured direct and indirect benefits of vaccinations within the hotspots, and
within the lower-incidence FSAs. The model included the current proportion of the
age-stratified population in COVID-19 hotspots and lower SARS-CoV-2 incidence
neighbourhoods estimated as immune following infection (“recovered”), current
proportion infectious (active SARS-CoV-2 cases diagnosed and undiagnosed), and
current proportion who have received at least one dose of a COVID-19 vaccine as of
April 5, 2021 based on the ICES Dashboard." With this approach the model will
underestimate the impact of COVID-19 vaccination in one region (COVID-19
hotspots) on lower-SARS-CoV-2 incidence neighbourhoods, and vice-versa; as the
previous model assumes independence of COVID-19 hotspots and lower SARS-CoV-2
incidence neighbourhoods.

The model was then used to simulate counterfactual scenarios wherein the base-
case (no further COVID-19 vaccination beyond April 8, 2021) was compared with a
fixed amount of daily vaccinations (100,000 per day) distributed using the initial
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strategy. For this strategy, we assumed that 80% of the population aged 60 years
and above would be vaccinated by April 28, 2021, at which point the strategy would
proceed to vaccinating individuals aged 16 to 59 years of age. In the initial
strategy,le'17 an additional 900,000 doses were allocated to COVID-19 hotspots. We
assumed that these allocated doses would be distributed at a rate of 450,000 doses
per month, and would be administered to produce equal coverage across the
neighbourhood risk groups, mitigating the previously observed disparities in vaccine
coverage across the groups (see Figure 2).

The hotspot-accelerated vaccination strategy was assumed to allocate 50% of COVID
-19 vaccines to the 74 COVID-19 hotspots ranked in the top 20% of cumulative SARS-
CoV-2 incidence among all Ontario neighbourhoods, and the remaining 50% of
vaccines would be equally distributed across the province (including hotspots)." This
means that 60% of Ontario’s COVID-19 vaccine supply would be allocated to the
20% of Ontario’s population living in the hotspots identified by the Ontario COVID-
19 Science Advisory Table.!

We then compared the difference in infections averted, and applied age-specific
COVID-19 hospitalization, need for ICU, and mortality based on Ontario data and
under the assumption that >80% of cases would be a variant of concern (specifically
B.1.1.7).%***, We assumed that age-specific metrics for COVID-19 severity
(hospitalization, ICU, and mortality) were the same in COVID-19 hotspots and lower
SARS-CoV-2 incidence neighbourhoods although data suggest age-specific case-
fatality rates remain higher in lower-income neighbourhoods even after adjustment
for comorbidities.’® Thus, impact may reflect an underestimate of severity
prevented within COVID-19 hotpots.
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