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THE STUDY IN BRIEF

COVID-19 vaccines, along with the emergence of less deadly variants of the disease, provided a route out of rotating lockdowns
and ongoing uncertainty. Canada rapidly achieved some of the highest vaccination rates in the world following significant
efforts to quickly develop, evaluate, procure, distribute and administer COVID-19 vaccines. As of Oct. 9, 2022, 80.3 percent
of Canadians had completed a primary series of a vaccine (two doses) and half (49.6) percent had received at least one
additional dose. Despite this success, there has been relatively little research evaluating the public health and economic effects
associated with these mass vaccination efforts. This Commentary aims to address this gap by providing estimates of the cases,
hospitalizations and deaths prevented by vaccination as well as the economic costs that could have occurred without vaccines.
Overall, our analysis shows vaccines were highly effective at reducing COVID-19 cases, hospitalizations and deaths —
estimates suggest 21 percent fewer cases, 37 percent fewer hospitalizations and 34,900 fewer deaths (from January 2021 to May
2022).'The direct cost of vaccine administration compared to the savings associated with averting missed work and treatment
costs due to illness indicates an estimated net cost/benefit of —$0.4 billion to $2.1 billion. Using the statistical value of life,
the estimated lives saved are valued at an additional $27.6 billion. In addition, vaccination allowed for a reduction in many
preventative public health measures that disrupted the social and economic lives of Canadians. We model the macroeconomic
effect of delayed access to vaccines and the continuation of public health restrictions. The results suggest that a six-month delay
would have led to economic losses equivalent to about 12.5 percent of GDP, or about $156 billion in economic activity in 2021.
Vaccines were clearly economically and socially beneficial. The success of the COVID-19 mass vaccination campaign
contains valuable insights for policy makers and health system administrators:

*  Lockdowns were necessary to disrupt the spread of COVID-19 prior to vaccination, providing another pathway for
reducing transmission. However, they had significant costs for the economy and the population’s mental health. Less
disruptive public health interventions like recommending masks, physical distancing and increased sanitation are less
costly. When lockdowns are necessary, implementing targeted restrictions by age group is less economically costly than

uniform restrictions.

*  'The speed of development and distribution of not just one but many different vaccines for COVID-19 is truly an
achievement. Rather than an average of more than 18 months from Health Canada approval to listing on public plans,
COVID-19 vaccines took less than a year. Plus, regulatory changes allowed for ongoing submission of new clinical
data and regulatory processes to occur in parallel. There are lessons to be learned about parallel regulatory steps, price
negotiations and reducing the time-to-patient for innovative medical products.

*  'The success of the COVID-19 vaccination campaigns provides insights for other vaccination efforts, particularly for the
working-age population. As policies adapt to the changing nature of COVID-19, there may be opportunities to link

regular boosters with broader public health immunization and prevention efforts.

*  Since COVID-19 vaccines show waning immunity over time, it is important to continue efforts to increase uptake of
booster doses. The infectiousness of the Omicron variants means that COVID-19 will likely become endemic over time
and regular booster doses will be required to maintain sufficient levels of population immunity.
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To date, the COVID-19 pandemic in Canada has infected

more than four million people and caused more than 46,000

deaths (as of Oct. 28, 2022).1

More than 24.3 million Canadians (80.3 percent)
have completed the primary series of the
COVID-19 vaccination, and almost half of those
have received at least one additional booster shot.
Still, the pandemic and the associated restrictions
on economic and social activities have massively
disrupted the lives of Canadians. The arrival of
vaccines provided a path to a new normalcy and
enabled many social and economic activities to
resume. Yet, despite widespread vaccination against
COVID-19 in Canada, there is limited analysis
quantifying its public health and economic effects.

'This Commentary provides analysis to estimate
the cases, hospitalizations and deaths averted by
COVID-19 vaccination and its associated economic
effects. First, we review the existing research on the
pandemic’s effects and on public health restrictions
and vaccination in Canada. Next, using COVID-19
case and weekly vaccination data, we model the
number of cases that would have occurred in the
absence of vaccination based on the relative number of
cases between the unvaccinated and vaccine-eligible
age groups. A similar statistical method is applied to
estimate averted hospitalizations and deaths.

The following section provides a cost-benefit
analysis of the direct effects of COVID-19 vaccines

and a discussion of their indirect effects. The final

section discusses the policy implications of our
analysis.

Overall, the results show that vaccinations
reduced the number of Canadian COVID-19
cases by about 21 percent and the number of
hospitalizations by about 37 percent from the
beginning of 2021 to May 2022. Furthermore, for
the population over 50 years old, who are most at
risk of severe outcomes from infection, vaccination
reduced mortality by an estimated 63 percent —
equivalent to 34,900 lives saved. In addition, about
65,000 cases of long COVID have been averted by
vaccination.

Meanwhile, vaccine procurement and
administration costs were some $3.7 billion, while
the direct savings associated with averted cases and
hospitalizations were an estimated $3.3 billion to
$5.8 billion, resulting in a net cost-benefit estimate
of -$0.4 billion to $2.1 billion, without considering
the benefits of saved lives. The statistical value of
reduced mortality? is some $27.6 billion, dwarfing
the costs of the vaccines and savings associated with
averting more minor cases.

'The indirect effects of vaccination are complex
and interrelated with the effects of the pandemic
and public health restrictions to control its spread.
Ongoing mutations of the virus and adaptation of

'The authors thank Jeremy Kronick, Charles DeLland, William Robson, Fred Horne and anonymous reviewers for
comments on an earlier draft. The authors retain responsibility for any errors and the views expressed.

1 See https://health-infobase.canada.ca/covid-19
2

'The Value of a Statistical Life is the additional cost that individuals would be willing to pay for small reductions in
risks that, in aggregate, reduce the expected number of fatalities by one. VSL is a valuation of anticipated mortality risk

reductions.



COMMENTARY 634

Key Concept Explainer

From Lab to Jab: Improved Approval Processes

'The speed of development, regulatory approval, procurement and availability of COVID-19 vaccines to

the public was impressive and was possible because of proactive changes to regulatory and procurement

processes that prioritized rapid access.

Time is a critical factor in an ongoing crisis. The sooner COVID-19 is controlled, the sooner both
the direct and indirect costs fall. The speed of development and distribution of not just one but many
different vaccines for COVID-19 is truly an achievement for humanity. It was a world-first in record
time — within a year of the start of the pandemic, the first COVID-19 vaccines were developed,
evaluated, and approved by many countries and had begun being distributed and administered to

populations.

'This required significant industry-government collaboration. In normal times, it takes an average
of more than 18 months after a drug has been approved by Health Canada to be listed on public drug
plans. In 2019, a new active substance submitted to Health Canada took 554 days (18.2 months) to
be listed on a public drug plan formulary and an additional 113 days (3.7 months) to be available to at
least 50 percent of public plan beneficiaries. In 2021, it took 829 days (27.25 months) for a new active
substance to be available on a public drug plan. The time from submission to availability on public
drug plans is a result of the many-layered sequential process of reviews before public drug plans make
formulary listing decisions. The comparative speed of approval, procurement and access to COVID-19
vaccines occurred due to changes in the regulatory process that allowed for ongoing submission of new
clinical data and regulatory processes being adapted to occur in parallel, rather than in sequence. This
meant that submissions and evaluations for safety could begin while clinical trials were ongoing, and
that reimbursement and procurement decisions could be made more quickly.

Federal and provincial governments should take lessons from the adapted regulatory processes used
during COVID-19 to reduce the time it takes for new medicines to go from market approval to being

accessible to the public.

public health policies add to the complexity. While
comprehensive analysis of the indirect eftects of
vaccination is beyond the scope of this study, we
model the macroeconomic effect of delayed access
to vaccines with different lockdown strategies
(uniform or differentiated by age group). The results
indicate that a six-month delay in vaccination and
continuation of public health restrictions would
have resulted in economic losses equivalent to about
12.5 percent of GDP. In 2021, this would have been
about $156 billion in economic activity.

Furthermore, the arrival of vaccines coincided
with a significant reduction in anxiety and

depression in the population. The removal of

public health restrictions and resumption of more
regular economic activities is certainly linked to
vaccination. While this study does not include these
indirect effects in the cost-benefit analysis of the
public health impact of vaccinations on the broader
economy, they represent large and significant
positive impacts.

Overall, the results show that vaccination was
highly beneficial to population health and also
cost-effective from an economic perspective.

'The rapid development, approval, procurement
and distribution of vaccines was a success made
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possible because of proactive changes to regulatory
and procurement processes that prioritized rapid
access. This achievement provides insights about
how to reform long-term regulatory processes

to reduce delays in accessing new medical
innovations. Furthermore, the wide success of the
public health vaccination programs could provide
insights for improving access to vaccinations for
vulnerable populations and broader population
immunization programs. For both managing

the ongoing challenges of COVID-19 and for
preparing governments for future infectious disease
emergencies, it is important to understand the
different effects of various public health policies and
vaccination on population health and mortality, as
well as on the economy.

IMPACT OF COVID-19 VACCINES ON
PUBLIC HEALTH AND SOCIAL AND
ECONOMIC LIFE

'The COVID-19 pandemic has had unprecedented
impacts on individuals and society. It not only
continues to threaten public health, but also
disrupts the social and economic lives of Canadians,
in particular in the way they interact, learn, work
and consume.

In the past two-and-half years, the Canadian
economy experienced hundreds of billions of dollars
in lost economic activity, directly or indirectly
caused by the pandemic, in terms of border
closures, healthcare expenditures, job losses and
worsened mental health. Though the labour market
and economy have in many ways recovered, the
negative economic effects, particularly during the
outset of the pandemic, were severe. In addition,

the COVID-19 pandemic had a significant social

impact. In 2020, Canadians reported the lowest
levels of life satisfaction since 2003 (Statistics
Canada 2020). The life expectancy also went down
by 0.6 years, the largest decline in decades.

Beginning in March 2020, Canada’s federal and
provincial governments enacted various policies
to contain the spread of the virus. Such policies
included lockdowns: closing borders, non-essential
businesses, non-essential health services, child-
care services and schools. International travel
was banned for a while,® and people were asked
to work from home. Other non-pharmaceutical
interventions included mask mandates and social
distancing orders, stay-at-home orders, and
restrictions on public and private social gatherings.
Compared to other G10 countries, people in
Canada experienced some of the most restrictive
public health measures (Razak et al. 2022). Such
health measures depend on public cooperation and
aim to protect the Canadian hospital system from
being overwhelmed. Except for Japan among such
nations, Canada had the lowest rates for COVID-
19-related death per capita and excess mortality
(Razak et al. 2022).*

Evaluating the social, economic and health
impacts of lockdowns and other public health
measures is complicated. In the literature, many
scholars found lockdowns to be effective in
reducing COVID-19 cases and containing the
spread of the virus (Friedson et al. 2020, Dave et
al. 2021, Kharroubi and Saleh 2020, Poeschl and
Larsen 2021). However, the impact of lockdowns
on mortality is less certain. Allen (2021) examined
80 COVID-19 studies and concluded that
lockdowns have had, at best, a marginal eftect on
the number of COVID-19 deaths. He argued,

“Lockdown jurisdictions were not able to prevent

3 And in some cases, travel between regions in Canada was limited or prohibited. Curfews and other restrictions on the

timing of activities were also imposed.

4 Excess mortality measures the difference between observed deaths during COVID-19 and expected deaths based on data

previous years.



COMMENTARY 634

non-compliance, and non-lockdown jurisdictions
benefited from voluntary changes in behavior that
mimicked lockdowns.” Herby, Jonung and Hanke
(2022) further studied the effects of lockdowns on
COVID-19 mortality rates. After systematically
reviewing 18,590 studies, they identified 24
qualified empirical studies for meta-analysis. They
then found that lockdowns have had little to no
effect on COVID-19 mortality. As a result, they
concluded that lockdowns are not an effective way
of reducing mortality rates during a pandemic.

Indirect Effects

In terms of the indirect health impact of lockdowns,
findings from Santabdrbara et al. (2021) suggest
that the global rates of anxiety more than tripled
during the pandemic. Among 1,800 surveyed
Canadians, nearly half reported high anxiety
or depression levels due to lockdowns (Mental
Health Research Canada 2020, 2021). Moreover,
Plett, Pechlivanoglou and Coyte (2022) estimated
a positive relationship between stay-at-home
orders and anxiety symptom severity. Such anxiety
was mainly driven by socio-demographic and
socioeconomic factors such as fear of infection,
financial and employment insecurity, housing
instability and inability to access social support.
Between March and April 2020, lockdowns
contributed to a 10.9-percent reduction in monthly
GDP growth (Statistics Canada, June 2022). The
public-health measures also caused temporary and
permanent job losses, business bankruptcies, school
closures, disruptions to healthcare delivery, supply-
chain difficulties, and disturbed the flow of imports
and exports in early 2020 (Statistics Canada 2020).

Both business and consumer confidence indexes
decreased to record-low levels compared to pre-

COVID.?

Government Action

In order to mitigate the negative effects of
lockdowns, Canadian governments provided many
financial supports for employees and businesses. For
example, the federal Canada Emergency Response
Benefit was given to employees whose work was
directly affected by COVID-19, while businesses
were able to access wage subsidies, rent support and
loan-payment deferrals.® As businesses adapted over
time and vaccines started to become available in
December 2020, most sectors gradually recovered.
Employment rebounded to pre-COVID-19
levels in November 2021. Real GDP also grew
4.6 percent in 2021, compared to a 5.2-percent
decline in 2020.7

In order to combat the spread of the virus,
Canada approved six vaccines in 2020 and 2021,
aiming to reach herd immunity. Vaccinating the
majority of Canadians can help reduce infections,
hospitalizations and deaths while also lowering
economic and social costs. As of Oct. 9,2022,
80.3 percent of Canadians had completed a primary
series of a vaccine (two doses) and half (49.6 percent)
had received at least one additional dose.® Compared
to the US, Japan, UK, France and five other
European countries, Canada at the time had the
highest proportion of the population receiving two
doses of a COVID-19 vaccine (Razak et al. 2022).
Among those nations, Canada also had the second
lowest (except Japan) cumulative per-capita rate of

COVID-19 cases and COVID-19-related deaths.

5 See https://www.conferenceboard.ca/focus-areas/canadian-economics/index-of-business-confidence and
https://www.conferenceboard.ca/focus-areas/canadian-economics/icc

6  See https://www.canada.ca/en/department-finance/economic-response-plan.html

7 See https://www150.statcan.gc.ca/n1/daily-quotidien/220301/dq220301a-eng.htm

8  See https://health-infobase.canada.ca/covid-19/vaccination-coverage/#a3
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Vaccine Effectiveness

Many scholars have studied the effectiveness of
COVID-19 vaccines. They have unanimously
agreed upon their effectiveness in reducing cases,
hospitalizations, and deaths, which range from
46.1 t0 95.3,63.5 to 97.5, and 69.3 to 96.7 percent,
respectively, seven days or longer after the second
dose (Haas et al. 2021, Bajema et al. 2021, Dagan
et al. 2021, Grifhin et al. 2021, Moghadas et al.
2021, Zaqouta et al. 2021). Bajema et al. (2021)
found that mRNA vaccines remained highly
effective during the spread of the Delta variant.
For their part, Suthar et al. (2022) found that
higher vaccination coverage rates were associated
with reduced mortality and incidence rates from
the Alpha and Delta variants.” The initial vaccines
were less effective at preventing infection from
the Omicron variant. However, booster doses
significantly increased immunity: 62.4 percent to
73.9 percent effective at preventing symptomatic
infection after two to four weeks and declining to
as low as 39.6 percent after 10 weeks, depending on
the type of vaccine (Andrews et al. 2022).

In Ontario, meanwhile, Vilches et al. (2021)
projected a 31.5-percent and 31.9-percent reduction
in deaths thanks to Pfizer-BioNTech and Moderna
vaccines, respectively. Barro (2022) observed a
greater impact, indicating that a 14.2 percent
increase in the vaccination rate can lower the death
rate by 40.6 percent.

Vaccinations reduced infections, hospitalizations
and deaths among residents and healthcare workers
in Ontario’s long-term care (LTC) homes (Brown
et al. 2021). Relative to unvaccinated healthcare
workers and residents, COVID-19 infections
decreased by 80 percent and 90 percent, respectively.
'The vaccination of LT'C residents was estimated
to prevent 2,079 cases, 249 hospitalizations and
615 deaths in Ontario.'® Globally, COVID-19
vaccinations saved an estimated 14.4 million lives in
185 countries and territories during the first year of
vaccination (Watson et al. 2022).11

COVID-19 vaccines not only reduce morbidity,
hospitalizations and mortality, but also have
secondary health impacts, reducing serious
complications from COVID-19 infections.'
Vaccines can also alleviate stress and anxiety caused
by the threat of infection and lockdowns. According
to Agrawal et al. (2021), vaccination was associated
with a 28 percent reduction of negative mental
health symptoms.

Apart from improving health outcomes,
vaccinations also have a positive economic impact.
Averted health and societal costs from vaccinations
are worth billions of dollars.!® Barro (2022)
estimated the economic cost of vaccinations to
save one life during COVID-19. He found that
248 COVID-19 vaccination doses, equivalent to
US$55,000, resulted in one life saved, far below
the typical several million-dollar estimate of the
value of a statistical life. The economic benefits of

9  Specifically, they find that a 10-percent improvement in vaccination coverage was associated with an 8-percent reduction in

the mortality rate and a 7-percent reduction in morbidity.

10 Seniors, especially those living in long-term care, were particularly at risk of severe COVID-19 outcomes and death.

60.7 percent of COVID-19 deaths in Canada were among people over 80 years of age (as of November 21, 2022). For more
on seniors’ care and the impacts of COVID-19, see Wyonch 2021.

11 Similarly, Tan et al. (2022) used a statistical model to estimate the number of COVID-19 cases that would have occurred if
no vaccines had been distributed. They found that COVID-19 vaccination in California prevented more than 1.5 million
COVID-19 cases, 72,000 hospitalizations and 19,000 deaths.

12 See https://www.cdc.gov/coronavirus/2019-ncov/vaccines/vaccine-benefits.html
13 See Ontario Chamber of Commerce (2021). Available at https//occ.ca/an-effective-prescription-for-an-increasing-problem.
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vaccines also include productivity gains, lessening
the impact of illness on family, cost-effective
preparedness for outbreaks and incentivizing
investment on vaccine development (Rodrigues and
Plotkin 2020). Furthermore, vaccination programs
can enable equal access, strengthen health and
social care infrastructure, improve life expectancy
and empower vulnerable women (Rodrigues and
Plotkin 2020).

Most importantly, vaccination can alleviate the
need for lockdowns and restrictive health measures.
As we have witnessed since mass vaccination began
— even with significant bumps along the way, e.g.
Omicron — non-essential businesses reopened,
shopping malls were crowded with consumers,
cultural festivals and activities returned, social ties
restored, unemployment rates decreased and routine
medical procedures resumed. The economic and
social lives of Canadians gradually recovered to
pre-pandemic levels. Even though we continue to
live with COVID-19 under the more transmissible
Omicron variant, the threat of hospitalizations and
deaths is less severe compared to previous variants.

However, the effectiveness of COVID-19
vaccines wanes over time. Cohn et al. (2022)
compared the three types of vaccines and found
that their overall protection against COVID-19
infection decreased from 89.2 percent in March
2021 to 13.1 percent just six months later. The
decline was largest for the Johnson & Johnson
vaccine, followed by Pfizer-BioNTech and
Moderna. Barro (2022) also found that the positive
effects of vaccinations on deaths, hospitalizations
and cases diminished over time, especially during
the emergence of the Omicron variant. One
explanation is that the current vaccines are less
effective against new forms of the virus (Barro
2022). Goldberg et al. (2021) and Cohn et al.
(2022) echo this argument and suggest that
vaccines are less effective in preventing Delta-
related infections. Nevertheless, the vaccines are still
effective against hospitalizations and deaths (Cohn

et al. 2022, Vogel and Duong 2021).

As the virus evolves over time, the concern is
around booster vaccines. From the literature, we
know that the effectiveness of vaccines wanes
in about six months. If new variants arise and
population immunity diminishes, the lifesaving
impact of vaccinations will fade. Canada is
encouraging everyone who is eligible, but especially
the elderly and other vulnerable groups, to take
booster doses. Currently, about 56 percent of
Canadians aged 12 and over have received the first
booster dose. In terms of the second and third
boosters, health experts have divided opinions.
Some think that vaccines should focus on averted
deaths, severe diseases and hospitalizations instead
of infections in general. Others argue that it is
better and more cost efficient to develop new
variant-specific vaccines and more ethical to
distribute surplus vaccines to other countries that
still experience large numbers of COVID-related
deaths (Duong and Vogel 2022). Both arguments
are plausible since the pandemic is no longer a
public health emergency in Canada, yet continues
to be endemic.

ESTIMATING THE VACCINATION
IMPACT ON COVID-19 CASES,
HOSPITALIZATIONS AND
MORTALITY

'The effects of COVID-19, public health regulations
to control it and vaccination efforts have all had
complex and interrelated effects on the health of
Canadians and the Canadian economy. Research
mentioned in the previous section has used many
different statistical methods and models to estimate
the effects of COVID-19, related restrictions

and vaccines. Some of these are forward-looking
theoretical models of the economy and informed by
the epidemiology of COVID-19, which were useful
early in the pandemic to evaluate the potential
effects of different lockdown strategies and different
scenarios for combatting the spread of the virus

(for example, Kronick and Jenkins 2021). This kind

of modelling approach is most useful for forward-
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looking insights: what might happen, and if it does,
what will the effects be?

Other modelling approaches use data generated
throughout the pandemic to estimate the impacts
and effectiveness of various interventions, assess the
ongoing situation and retrospectively test different
scenarios: what happened, what is happening,
what would have happened if we did something
different? (Tan et al. 2022). (See online Appendix
for additional information on different modelling
approaches used in published COVID-19 research.)

To assess the public-health effects of vaccination
in Canada, we replicate and adapt the methods
used by Tan et al. (2022). To estimate the number
of averted cases, hospitalizations and deaths, we
use publicly available weekly case-level data and
counts of vaccination administrations (Public
Health Agency of Canada 2022). Using Quasi-
Poisson regressions, we estimated the number
of COVID-19 cases by age group relative to a
control group (0-19 years of age) during the pre-
vaccination period (March 2020 to December
2020)."* The 0-19 age group was chosen as a control
group due to the delay in its vaccine eligibility
and lower rates of vaccination compared to older
age groups. Comparing the predicted values to
the actual (or modelled) case numbers provides an
estimate of cases averted by vaccination. A similar
procedure was used to estimate the number of
hospitalizations and deaths averted by vaccination.

To assess the model, we performed various
sensitivity checks. First, we re-estimated the
model over the entire period by including variables
for vaccination rates in both the control and
dependent age groups. To simulate the scenario
without vaccination, we predicted the number of

COVID-19 cases (dependent variable), setting

vaccination rates to zero for the target age
group. In addition, we tested an expanded model
including fixed eftects for the circulating variant
of COVID-19. For more information about

the methods, analysis and data, see the online
Appendix.

Overall, the estimated number of COVID-19
cases matches well with the actual case numbers
until the end of 2021, where estimated cases and
modelled cases diverge: the modelled case numbers
are higher than confirmed case data would suggest.
There are a number of potential explanations for
this, but the most likely is a change in testing policy.
Omicron overwhelmed clinical testing capacity
in many regions, and provinces and territories
reduced access to clinical testing, instead relying
on other indicators (Statistics Canada 2022). In
addition, the wide availability of rapid test kits for
consumers likely resulted in a significant decline in
the proportion of COVID-19 cases being officially
reported to public health.

To account for this series break in reporting,
we relied on research results using wastewater
data to assess the concentration of COVID-19
in samples from different sites across the country
(Nourbakhshet al. 2022). In cities, the number of
cases estimated using wastewater data is much
higher than clinically reported in January 2022 and
again from April 2022 to May 2022 (Public Health
Agency of Canada 2022). The ratio between clinical
and wastewater estimates varies substantially across
locations and across time, more closely matching
clinical estimates when case numbers are low.
When clinical cases of Omicron began to decline,
wastewater estimates continued to increase in
most locations, resulting in ratios between clinical
and wastewater estimates ranging from 1:1.2

14 Quasi-Poisson regression is used for estimating count variables — in this case, estimating the number of cases that would

have occurred in the target-age group (dependent count variable) based on the number of observed cases in the control

(non-vaccinated) group. This assumes that the relative rate of infection between age groups remained constant throughout

the pandemic, meaning that variations are due to changing vaccination status and/or the COVID-19 variants in circulation.


https://www.cdhowe.org/sites/default/files/2022-12/Online%20Appendix%20Public%20Health%20Effects%20of%20Vaccination_1212.pdf
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Figure 1: Reduction in COVID-19 Morbidity and Mortality by Age Group as a Result of Vaccination
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Source: Public Health Agency of Canada 2022, authors’ calculations.

in Montreal to more than 1:6 in Vancouver by
mid-January (Public Health Agency of Canada
2022)." To account for the reduction in testing and
underestimated COVID-19 cases, we incorporate
an adjustment factor for case data used to calculate
modelled and simulated case estimates for 2022.¢
Overall, the results show that vaccinations
were associated with reducing the total number of
Canadian COVID-19 cases by about 21 percent
and the number of hospitalizations by about
37 percent from the beginning of 2021 to May
2022. Furthermore, for the population more than
50 years of age, who are most at risk of severe
outcomes from infection, vaccination reduced
mortality by an estimated 63 percent — equivalent
to 34,900 lives saved (Figure 1). Vaccination was
generally more effective for preventing infection for

Deaths
B Hospitalizations

B Cases

40 50 60 70 80

younger age groups than for older ones. It prevented
more than a third of cases for the population age
20 to 29 and about a fifth for the population 30
to 49. Comparatively, about one in 10 cases in the
population 60 to 79 were prevented by vaccination
(Figure 2). Vaccination was most effective for
preventing hospitalization of people more than 70
years of age (an estimated 38-percent reduction for
the population 70 to 79 and a 45-percent reduction
for the population more than 80), but was also quite
effective for the younger population, preventing
about 30 percent of hospitalizations in the non-
senior population (Figure 3).

Similarly, vaccine effectiveness for preventing
mortality increases with population age. Since
older people were more likely to experience
severe outcomes from COVID-19, the benefit of

15 Similar research in South Carolina found that wastewater estimates suggest that clinical numbers underestimated

COVID-19 cases by a ratio of about 10.9 ( 95 percent confidence interval 4.2 — 17.5). See https://www.thelancet.com/

journals/lanplh/article/P1152542-5196(21)00230-8/fulltext

16 See online Appendix for details.
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Figure 2: Effect of Vaccination on COVID-19 Cases
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Source: Public Health Agency of Canada 2022, authors’ calculations.

Figure 3: Effect of Vaccination on COVID-19 Hospitalizations
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Source: Public Health Agency of Canada 2022, authors’ calculations.
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Figure 4: Effect of Vaccination on COVID-19 Deaths
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Source: Public Health Agency of Canada 2022, authors’ calculations.

vaccination is proportionally larger than for younger
people who are at lower risk (Figure 4).

Long COVID

Not all cases of COVID-19 resolve within three
weeks — the World Health Organization estimates
that at least 10 percent of people exhibit symptoms
12 weeks or longer after their initial diagnosis

of COVID-19 (about 400,000 cases in Canada).
'There are more than 100 different symptoms
associated with long COVID, the most common
being fatigue, general pain, sleep disturbances,
shortness of breath, cognitive impairment and
mental-health symptoms (Duong 2022). About

9 percent of long-COVID sufferers were unable

to return to work after three months.

A work-in-progress longitudinal cohort
study found that 53 percent of non-hospitalized
COVID-19 patients in Canada still experienced
symptoms three months after infection — this
decreased to 37 percent, 12 months post-infection
(Duong 2022). In England, data collected
through the Real-time Assessment of Community
Transmission suggested that 19 percent of the
English population had had COVID-19 between
September 2020 and February 2021 and about
one-third (37.7 percent) still experienced at least
one symptom 12 weeks after infection (Whitaker
et al. 2021). In the US, the Institute for Health
Metrics and Evaluation estimated that 2 percent
to 5 percent of people with a mild case of
COVID-19 still had symptoms six months after

the acute phase of the illness ended, increasing
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Figure 5: Averted Cases of Long COVID, by Age
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Source: Public Health Agency of Canada 2022, authors’ calculations.

to 15 percent to 26 percent for patients that were
admitted to hospitals and 27 percent to 42 percent
for those admitted to intensive care (ranges represent
estimates for men and women, respectively). This
research suggests a disability weight (a standardized
weighting factor that reflects the relative severity of
a state of health) of 0.21 — “equivalent to complete
hearing loss or severe traumatic brain injury (Else
2022).”" There remains significant uncertainty about
the burden of long COVID, with no standardized
measure for its implications for disability and longer-
term population health and mortality.

To estimate the number of long-COVID cases
averted, we use the US estimates since they are
based on the severity of disease. We assume that
3.5 percent of averted cases and 20.5 percent to
34.5 percent of averted hospitalizations would have
resulted in a clinically significant long-COVID
case.'® The results suggest that about 65,000
Canadian cases of long COVID have been averted
by vaccination, of which more than 25,000 would
also have been hospitalized during the acute phase
of infection (Figure 5).

17 Wohere possible, the Institute for Health Metrics and Evaluation used ongoing cohort studies that were logging symptoms
and assessments of general health before COVID-19 developed. Its model pulls together data from 10 cohorts worldwide

and includes more than 5,000 people treated in the community or hospital, as well as data from medical records and

published studies.

18 Our estimates of averted cases and hospitalizations do not include a consideration of gender. For simplicity, we chose the
midpoint between the two estimates. This is likely to underestimate cases, given that women are more likely to develop
long COVID, according to research from other countries. In addition, hospitalization estimates do not make distinctions
for admission to intensive care. The Public Health Agency of Canada estimates that 30 percent to 40 percent of non-
hospitalized COVID-19 cases developed long-COVID symptoms (PHAC 2022). However, it is unclear what proportion

of those cases is clinically significant; i.e., would result in further treatment, hospitalization or missed work.
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Box 1: Discussion of Limitations and Interpretation of Analysis

The estimates of averted cases, hospitalizations and deaths from COVID-19 are calculated using

a static regression method to model the number of cases that would have occurred in the absence

of vaccination and comparing those estimates to observed outcomes. This approach has some
advantages and disadvantages. The model does not directly take into account the prevention of
onward transmission, which would likely result in under-estimating the number of cases that were
prevented by vaccination. On the other hand, it also assumes that the relative rates of infection
between age groups remain constant, with the difference in predicted and actual cases being
attributed to vaccination. Since the model does not include variables for contact rates, it is possible
that it could over-estimate the effect of vaccinations since the relative contact rates between age
groups could have changed due to evolving public health restrictions and individual behaviour
patterns (particularly increasing contacts in the young population).* It is difficult to conduct accurate
modelling of relative rates of contact between age groups over the 13 provincial and territorial
health systems mapping, regional classifications of COVID-19 case data, and different and changing
policies over the study period.

Since the limitations of the model would likely bias results in opposite directions, it is not possible
to say with certainty if the analysis is more likely to produce an over- or under-estimate of the true
value. In our view, the limitations of this modelling approach are outweighed by the advantage of
depending only on case and vaccination data that are readily available and limiting the number of
modelling assumptions required. Our model assumes complete reporting of COVID-19 vaccination
data and complete reporting of cases, hospitalizations and deaths up to December 2021. (Following
changes to testing policies, case data are supplemented by wastewater estimates). Incomplete
reporting of cases in the data would result in underestimates of the total number of cases, as well as
in averted cases. The number of cases is likely underestimated due to incomplete reporting, but the
proportion of cases averted could increase or decrease with more complete data.

Replicating the method used in Tan et al. 2022 also provides the advantage of being able to
compare Canadian results to those in California, a state with a similar population size to Canada, but
relatively lower uptake of vaccines and fewer public health restrictions. Notably, over the same period,
our results show a significantly lower number of cases, hospitalizations and deaths were averted by
vaccination in Canada than in California. It is highly likely that due to lower population density and
more stringent public health measures to control the spread of infection (including mask mandates
and closure of non-essential businesses), Canada had lower ongoing transmission of COVID-19
before vaccination.” Canada had relatively extensive public health measures in place at the beginning

a  InTan et al. the authors employ an alternative model specification as a sensitivity check that utilizes dynamic simulation
including reduced onward transmission and did not assume a fixed relationship between the unvaccinated and vaccine-
eligible age groups. As expected, the alternative model produced higher estimates of averted COVID-19 cases.

b Also worth noting, California had 4.59 million documented cases of COVID-19 from January 2020 to October 2021.
In comparison, total documented cases in Canada have not yet surpassed 4.5 million over the entire pandemic period

(as of December 2022).
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Box 1: Continued

of 2021, and many were removed as a result of achieving high vaccination rates and reducing
transmission. The results of our estimate could be interpreted as the case, hospitalizations and deaths
that were averted by vaccination, assuming public health restrictions were similarly reduced regardless
of vaccination during the study period. As-is, the analysis cannot disentangle the effects of changes

to public health restrictions and increasing rates of vaccination during the study period and attributes
averted cases to vaccination efforts.

'The estimated number of long COVID cases averted depends on the estimates of averted cases
and hospitalizations and has similar limits to the analysis. In addition, we note that there remains
significant uncertainty about long COVID - the proportion of people who have symptoms,
understanding different symptom clusters, severity of disease and possible treatments are all actively
being studied. The estimates we present here are based on available literature on symptom prevalence
and time to recovery. As such, they should be considered a “best guess” estimate, given limited clinical

understanding and evolving knowledge.

ESTIMATING THE NET BENEFIT OF
VACCINATION

Vaccination has clearly had direct benefits for
Canadians’ health— it has reduced the number of
COVID-19 cases, hospitalizations and deaths.
In this section, we estimate the direct benefits of
vaccination by mapping averted COVID-19 cases,
hospitalizations and deaths to the associated costs
of lost wages, hospital admissions and the statistical
value of life. The costs of the vaccination program
include the spending on vaccines and resources
related to vaccine distribution and administration.
Given the significant reduction in COVID-19
cases and severe outcomes of infection as a result
of vaccines, they had indirect benefits as well in
reducing the need for public-health infection
prevention and control policies (particularly,
restrictions on economic activity). These benefits are

difficult to calculate, since provinces had different
policies and thresholds for implementing various
restrictions. Instead of estimating the aggregate
costs and benefits of indirect effects of vaccination,
we provide some illustrative examples.

Direct Benefits

At the time of writing, the COVID-19 pandemic
has infected 4.3 million people, led to 187,949
hospitalizations'” and caused 46,389 deaths in
Canada. Those who became infected or have a
confirmed exposure with COVID-19 were, or still
are, required to self-isolate for five to 14 days (at
different periods throughout the pandemic) or until
symptoms clear. To estimate the direct benefit of
vaccination-averted COVID-19 cases, we assume
that each infected working person would miss

19 According to hospitalization data available to July 26, 2022.
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Table 1: COVID-19 Cases and Work-hour Savings Related to Vaccination, by Age Group

Source: Statistics Canada 2021b; authors’ calculations.

five to 15 working days.?® For example, the average
hourly wage for people 25-54 years of age was
$32.39 (2021), which translates to about $1,295

to $3,886 in lost productivity/wages per typical
COVID-19 case.” The results in the previous section
show that about 1.05 million cases of COVID-19
in the working-age population were prevented due
to vaccinations. This translates to an estimated $1.2
billion to $3.7 billion in wages that would have been
lost due to infections and missed work, accounting
for varying work-force participation rates and wages
by age group (Table 1).

To estimate the value of averted cases of long
COVID, we depend on estimates from published
research to make assumptions about duration of
absences or reduced working hours and the cost
associated with additional treatment. One survey
found that 44 percent of people with long COVID
were out of the labour force and 51 percent worked
fewer hours, while other research found that
9 percent of people were unable to return to work
three months after getting COVID-19 (Duong
2022). At three months post-infection, more than
one in five experienced fatigue (22 percent), about
one in six (16 percent) reported cognitive changes,

20-25 25-54 55+
Wages per Person (five to 15 days) $729-$2,187 $1,295-$3,386 $1,241-$3,723
Total Wages ($millions) Associated with Vaccine-averted COVID-19 Cases $167-$501.6 $937-$2,811 $126.8-$380.5

one in 10 had headaches (11 percent), dyspnea
(shortness of breath, 9 percent) or chest heaviness
or pain and tightness (8.5 percent).

We estimate the value of reduced cases of long
COVID as a simplified recovery timeline. We
assume that all such cases would have stayed home
from work initially for 15 working days (similar to
regular cases of COVID). After that, we estimate
half (51 percent) returning for reduced hours (20
hours per week), 44 percent remaining out of the
labour force and the remaining 5 percent returning
to work. As weeks progress, the proportion
returning to full-time work adjusts linearly by
5.25 percent per week to 9 percent still remaining
out of the labour force three months post infections.
After 22 weeks, all long COVID cases are assumed
to rejoin the labour market despite lingering
symptoms in many cases.?

Estimates show that vaccination prevented
about 54,500 cases of long COVID in the working
population (Figure 5). These cases would have
represented about $331 million in lost wages as
a result of extended time off work and reduced
working hours.

20 Itis unknown how many days of work the average case missed, so we report a range of five days for asymptomatic cases to
15 working days from exposure to symptom development and subsequent abatement.

21 'These calculations account for labour force participation and wages by broad age groups (15 to 24, 25 to 54 and 55+).

22 See online Appendix for details of methodology. Calculations include adjustment for wages and labour force participation

by age group.
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In addition, those with prolonged symptoms
require more treatment. To estimate the costs of
this additional treatment, we use the estimated
prevalence of the main conditions/symptoms

associated with long COVID and available data
about the treatment cost of those conditions.?
'The Canadian Institute for Health Information
(CIHI) provides a patient-cost estimator tool for
hospital costs treating various illnesses. The averted
treatment costs for long COVID are estimated by
using the treatment costs of similar ailments. For
example, an episode of migraines or headaches is
estimated to cost $2,537 to $3,492 depending on
the age of the patient (CIHI 2022).

We use estimates of the prevalence of the most
common long-COVID symptoms and the costs
of treatment by age group (where available) to
calculate the savings associated with averted cases of
long COVID. The treatment costs associated with
the three most prevalent long-COVID symptoms
(fatigue, headaches and cognitive changes, and
difficulty breathing, chest pain or tightness) range
from $2,250 to $5,000 per case and symptom.
'The estimated savings in the form of reduced
treatment costs for long-COVID symptoms related
to the nearly 65,000 averted cases are about $128
million.?* The averted costs of hospitalization are
calculated based on the average cost of a hospital
stay for COVID-19 ($24,000), resulting in
estimated savings of $1.6 billion (CIHI 2022).

Since the vaccines prevented many cases of

COVID-19 and reduced the severity of the disease,

they had a significant impact on mortality for the
population more than 50 years of age, preventing
about 30,900 deaths from the beginning of
vaccination to May 2022. To translate this to figures
comparable to other costs and benefits, we use the
statistical value of life by age group from Chestnut
and De Civita (2009), adjusted for inflation.
With the statistical value of life ranging from
$0.57 million (80+) to $2.23 million (60-69), the
reduction in mortality associated with vaccination is
equivalent to about $27.6 billion.

In summary, vaccination directly averted
about $1.56 billion to $4.02 billion in lost wages
and missed work, and saved about $1.77 billion
in healthcare costs associated with treating
COVID-19 patients. While these averted costs
are significant, they are dwarfed by the $27.6
billion statistical value of the 30,900 lives saved by
vaccination.

Costs

As of Oct. 9,2022, 80.3 percent of Canadians
had completed a primary series of a vaccine (two
doses) and 56.6 percent of Canadians aged 12 and
older had received at least one additional dose. To
estimate the direct cost of vaccination efforts, we
include publicly available information about the
cost of vaccines, supplies used to administer them
and information technology costs related to public
health vaccination data.

'The Government of Canada spent more than
“$9 billion to procure vaccines and therapeutics and

23 Estimates for the medical costs associated with long COVID vary widely. For example, a US survey of COVID long-
haulers reported average medical costs of US$36,408. (See https://www.longhauler-advocacy.org/calculations-formulas).
Alternatively, Cutler (2022) suggests treatment costs for chronic fatigue syndrome (myalgic encephalomyelitis) are a
reasonable proxy for estimating treatment costs (~US$9,000 annually) since the most common prolonged symptom is
fatigue. As mentioned in the text, other research suggests a long-term disability weight of 0.21 — “equivalent to complete

hearing loss or severe traumatic brain injury (Else 2022).”

24 See online Appendix for further details. It should be noted that these estimates represent savings during and immediately

following (three months) the study period. If long-COVID symptoms become chronic or persist, the treatment costs and

associated savings from averted cases would increase.



17

COMMENTARY 634

to provide international support.”® A majority of
this amount has been allocated to secure enough
doses of vaccines for everyone in Canada. Initially,
the government ordered 379 million doses of
various vaccine types. So, roughly, a dose of vaccine
cost $23.75 dollars on average.

'The cumulative number of all vaccine doses
distributed in Canada was 100,019,578 as of July
21,2022.This means $2.38 billion was spent on
vaccine distribution.?®

As well, Canada ordered 286.9 million syringes
to accommodate a range of requirements in the
administration of vaccines. Syringes usually cost
between $15 and $20 for a box of 100 depending
on their source (Khan 2020), resulting in estimated
total spending of $42.9 million to $57.4 million.

On behalf of the Public Health Agency of
Canada (PHAC), Public Services and Procurement
Canada contracted a service provider to “build
turther functionality into PHACs existing
operational, surveillance and coverage information
technology (I'T) systems, to help manage vaccine
rollout, administration and reporting as the
volume of deliveries increases.” Such contracts
cost $16,138,946, taxes included, on Jan. 7, 2021
(Government of Canada 2022).

'There are other direct costs associated with
vaccine administration including facilities, freezers
and dry ice for transportation and storage, and
labour costs. These costs would be extremely
difficult to calculate accurately — billing rates
differ by province and location of administration

(public health vaccine centres, physicians’ offices
or pharmacies). As well, capital directed to vaccine
efforts was likely sourced in part from existing
supplies and will be redirected to other purposes
tollowing COVID-19. To estimate these additional
direct costs, we used the provincial billing rates
and COVID-19 fee codes for family physicians
to deliver a COVID-19 vaccine.?” The billing
amounts for COVID-19 vaccine administration
varies by province ranging from $13 in Ontario to
$40 in Saskatchewan (Table 3, CIHI 2022b). The
results show that physician, nurse and pharmacist
remuneration for administering COVID-19
vaccines cost a total of about $1.3 billion from
the beginning of vaccine doses to July 17,2022
(Table 2).

About 82.7 million vaccines had been
administered in Canada by July 17,2022,
while more than 100 million vaccines had been
distributed as of July 22. The difference can be
accounted for by the doses currently in circulation —
distributed, but not administered — and likely some
doses that expired or were otherwise unusable and
disposed of — distributed, but never administered.

Summary — Direct Costs and Benefits of
Vaccination

Overall, the estimates of direct costs and benefits
from vaccination show clear net benefit: the costs
that would have occurred in the form of missed

days of work and health spending associated with
treatment and hospitalization likely exceeded the

25 See https://www.canada.ca/en/public-services-procurement/services/procuring-vaccines-covid19.html
26 We chose to include the costs of only the vaccines distributed in Canada. The total cost of procurement for vaccines and

therapeutics includes vaccines distributed outside of Canada through development and access initiatives and therapeutics

used to treat cases of COVID-19. It is also unclear what portion of funds have been spent and whether there are funds in

reserve to continue procurement and vaccination efforts.

27 Since family physicians generally cover overhead costs associated with additional staff and equipment and are paid by billing

provincial insurance plans for services performed, we believe this is an appropriate proxy for additional direct costs. These

estimates do not include any consideration for fees associated with counselling and vaccine hesitancy; they only account for

fee codes used directly for administering COVID-19 vaccines.
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Table 2: Estimated Billings Associated with Vaccine Administration

Total Vaccines Fee ff)r.Vacc§ne Total Spending

Administered Admuz;)tr ation (8 millions)
Canada 82,696,957 NA 1,294.11
Newfoundland and Labrador 1,280,669 17.16 21.98
Prince Edward Island 377,707 6.50 2.46
Nova Scotia 2,294,212 18.00 41.30
New Brunswick 1,760,257 16.00 28.16
Quebec 19,038,855 13.00 247.51
Ontario 32,131,805 13.00 417.71
Manitoba 2,869,699 20.00 57.39
Saskatchewan 2,367,305 40.00 94.69
Alberta 8,683,193 25.00 217.08
British Columbia 11,636,485 14.00 162.91
Yukon 92,470 11.40 1.05
Northwest Territories 86,707 11.40 0.99
Nunavut 77,593 11.40 0.88

*Note: For provinces and territories where billing information could not be found, the nearest comparable region is used.

Sources: CIHI 2022b and Public Health Agency of Canada 2022b.

direct cost of vaccines and their administration. In
addition, vaccinations reduced the number of deaths
in the population older than 50 by about 34,900. In
terms of statistical value of life, those saved lives are
worth some $27.6 billion. Even without including
lives saved, the vaccines show net cost/benefit

of -$0.4 billion to $2.1 billion in averted costs
(Table 3).

Indirect Costs and Benefits

'The scale and complexity of the pandemic, along
with the associated public health policies to
contain it, mean that there are many indirect costs
and benefits related to vaccination. For example,

vaccines enabled international travel for tourism
and many economic activities to resume more
normal operations. This was facilitated by the
implementation of vaccine certificates, which
required significant administrative efforts on the
part of provincial governments and businesses that
developed and implemented vaccination policies
tor workplaces, also at added cost. In addition,
vaccination and associated policies had effects

on political stability with the so-called “freedom
convoy” created to protest vaccine mandates for the
Canada-US border (though they evolved to protest
COVID-19 mandates in general). It is generally
beyond the scope of this Commentary to quantify
these and other complex dynamics associated with
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Table 3: Summary Results of Cost-Benefit Analysis of COVID-19 Vaccination in Canada (to July 2022)

Cost

Benefit

Total cost of COVID-19

Averted cases- quarantine

. . $2.38 billion cost (lost wages, working age $1.231 billion to $ 3.693 billion
vaccine acquisition i
population)
Total cost of syringe $42.9 million to B $331 million (labour component)
purchases 57.4 million Averted long-COVID costs $ 128 million (treatment component)

IT system cost $16.14 million

Averted hospitalization costs

$1.644 billion

$1,294 million

Labour, overhead, fees

Averted deaths savings

~$27.6 billion [unclear] (majority ~$77 billion — related
to 80+)

Total $3.7 billion Total

$3.3 billion to $5.8 billion + $27.6 billion for 34,900

lives saved

Sources: Statistics Canada 2021b; CIHI 2022b and Public Health Agency of Canada 2022, 2022b. Authors’ calculations

the indirect effects of vaccines in a comprehensive
way. Instead, our goal here is to discuss some
examples of the indirect effects and, where relevant
and feasible, quantify their costs and benefits.

“Lockdowns” and the Economy

One of the most obvious results of vaccination is
that many economic activities could regain some
semblance of normal operation as the likelihood of
another stay-at-home order and closure of non-
essential businesses and high-contact activities
became less likely. Had vaccination efforts been
delayed, it is highly likely that there would

have been additional public health restrictions,
imposing additional economic costs. To estimate

the economic effects that would have occurred if
vaccine efforts had been delayed, we use modelling
from Kronick and Jenkins (2021) who estimate

the economic effects of uniform versus targeted
lockdown strategies. They based their modelling
approach on the work of Acemoglu et al. (2020),
which was itself based on the epidemiological
susceptible, infectious or recovered (SIR) modelling
literature. Using a modified scenario that adjusts
parameters to account for the different viral
characteristics of Omicron and extends the time
prior to vaccine availability by six months provides
an estimate of the economic costs that would likely
have occurred.?®

28 'The authors would like to acknowledge Jeremy Kronick for his gracious assistance in running the alternative scenario and

providing us with the results to report here. For more information about the methodology and modelling of economic
lockdowns and COVID-19, see Kronick and Jenkins (2021). In this modified one-year and 1.5-year model of the pre-

vaccine economy with public health lockdowns, some parameters were adjusted from the model specified in Kronick and

Jenkins to account for the different viral profile of the Omicron variant relative to the Delta variant. For more information

about the model adaptations and results, see the online Appendix.
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In addition, Kronick and Jenkins modelled two
different lockdown strategies— a uniform approach
and one that implemented different restrictions by
age group. The reasoning for modelling different
lockdown strategies is that most governments
implemented uniform lockdowns, but research has
shown that a targeted approach by age or industry
would have achieved the same or better health
outcomes with lower economic costs (Kronick
and Jenkins 2021). If vaccines were not available,
it is reasonable to assume that governments
would continue to optimize and adapt public
health policies. Modelling both a uniform and
age-differentiated lockdown strategy accounts
for the unknown of whether governments would
have significantly adapted lockdown strategies to
minimize economic impacts.

Results show that one year of continued
Canadian public health restrictions pre-vaccination
would have resulted in GDP losses of about
31.4 percent under a targeted strategy. Extending
the pre-vaccine period by six months would
have, unsurprisingly, resulted in worse economic
outcomes: estimates suggest a 44 percent reduction
in annual economic output. These results suggest
that a six-month delay in vaccination availability
would have resulted in economic losses equivalent
to about 12.5 percent of GDP, or about $156 billion
in 2021.

Vaccination and Indirect Public Health Benefits

Avoiding lockdowns and reducing the spread of
COVID-19 through vaccination also has broader
implications for health and well-being. Averting
lockdowns means averting associated costs,
including but not limited to reductions in civil
liberty, reduced access to educational opportunities

and social contacts, delayed medical procedures,
forgone routine preventive health services (e.g.,
vaccination and cancer screenings), worsened
domestic violence, worsened mental health and
increased deaths from overdoses.

'The longer-term effects of delayed medical
procedures and forgone preventative and diagnostic
activities are not yet known. However, the vaccines
did have positive effects for the mental health
of the population. According to Agrawal et al.
(2021), COVID-19 vaccination led to a 28 percent
reduction in anxiety and depression symptoms.
QOdihi et al. (2020) also discuss the indirect effects
of vaccination in reducing fear of contagion and
the severity of the disease, the equity effects of
providing access to at-risk populations and the
populations most aftfected by COVID-19 (lower
income, higher proportion visible minority
communities and vulnerable/immunocompromised
individuals).

'The development of vaccines and the scale
of vaccination programs also generated positive
spillover effects. Scientific knowledge about
COVID viruses, vaccines, immunology and
epidemiology has rapidly grown during the process
of vaccine discovery and development. The RNA-
based platform provides new opportunities for
the development of other vaccines.?? In addition,
public health restrictions and vaccination campaigns
evolved over the course of the pandemic. These
experiences provide insights and strategies to
improve government responses to future infectious
disease crises. The massive amounts of clinical,
epidemiological, scientific and public health
information generated during the pandemic will
inevitably contribute to the development of new
medical treatments and vaccines and inform
improvements to public health policy.

29 For example, Drew Weissman of the Perelman School of Medicine at the University of Pennsylvania and his team are

“working on about 30 different mRNA vaccines, including ones for influenza, HIV, hepatitis C, malaria, tuberculosis and

many others (May 2021).”
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DISCUSSION AND POLICY
IMPLICATIONS

Overall, our analysis shows that COVID-19
vaccination averted an estimated 21 percent of
cases and 37 percent of hospitalizations. From
January 2021 to May 2022, this represents 1.19
million fewer cases of COVID-19 and 68,000
tewer hospitalizations. Furthermore, 63.5 percent
of deaths in the population over age 50 were
averted, representing about 34,900 lives saved
from January 2021 to May 2022. Translating these
findings to averted costs and comparing them

to the cost of vaccines and vaccination programs
shows that the vaccines are cost-effective. The cost
of vaccines and administration were about $3.7
billion while the savings associated with averted
cases and hospitalizations were estimated to be $3.3
billion to $5.8 billion, resulting in a net estimate of
-$0.4 billion to $2.1 billion, without considering
mortality. The statistical value of reduced mortality
is about $27.6 billion, dwarfing the costs of the
vaccines and savings associated with averting more
minor cases.

Moreover, this analysis doesn't include the
indirect effects of vaccination. For example, vaccines
reduce the need or intensity of future lockdowns,
meaning vaccines likely averted additional costs
associated with lockdowns, including the growth of
healthcare waitlists, negative mental health impacts
and reduced economic activity. Since these averted
costs and other non-health benefits of vaccines are
not included in our estimates of direct effects, the
net benefit of vaccination is likely underestimated.

Many indirect eftects of the COVID-19
vaccinations are difficult to quantify. However,

a critical factor is public health policy related to

the pandemic. If vaccines hadn’t been available,

it is highly likely that further lockdowns would
have been necessary, with all their associated costs.
Lockdowns were necessary to disrupt the spread of
COVID-19 prior to vaccination providing another
pathway for reducing transmission. However, they
had significant costs for the economy and the
population’s mental health. We estimated the effect
of delaying vaccines by six months, and results
show that GDP would have dipped a further

12.5 percent.

Time is a critical factor in an ongoing crisis.

'The sooner COVID-19 is controlled, the sooner
both the direct and indirect costs fall. The speed of
development and distribution of not just one but
many different vaccines for COVID-19 is truly an
achievement for humanity. And it was accomplished
in record time.*® Within a year of the pandemic’s
onset, the first COVID-19 vaccines were developed,
evaluated and approved by many countries and

had begun being distributed and administered to
populations. The speed of development, approval
and procurement was impressive and required
significant industry-government collaboration.

In normal times, it takes an average of more
than 18 months after a drug has been approved by
Health Canada to be listed on public drug plans.
Indeed, in 2019 a new active substance submitted
earlier to Health Canada had taken 554 days
(18.2 months) to be listed on a public drug plan
tormulary and an additional 113 days (3.7 months)
to be available to at least 50 percent of public plan
beneficiaries (Dobrescu 2022). In 2021, it took even
longer, 829 days (27.25 months) for a new active
substance to be available on a public drug plan.

'The time from submission to availability is a
result of the many-layered sequential process of

30 The previous record was for a mumps vaccine, developed in four years starting in 1963 (following related scientific
breakthroughs in the 1940s and 1950s). It is still in use today as part of the combination measles, mumps and rubella (MMR)
vaccine given to infants around the world. In 2014, an Ebola outbreak prompted rapid development of vaccines, resulting in

the conditional EU approval of the Merck Ervebo vaccine in 2019, three years after the Ebola epidemic had ended.
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reviews before public drug plans make formulary
listing decisions. The comparative speed of approval,
procurement and access to COVID-19 vaccines
occurred due to changes in the regulatory process
that allowed for ongoing submission of new
clinical data and regulatory processes to occur

in parallel, rather than in sequence. This meant

that submissions and evaluations for safety could
begin while clinical trials were ongoing, and that
reimbursement and procurement decisions could be
made more quickly.

'The scale of the pandemic necessitated
emergency adaptations of regulatory policies to
ensure rapid access to vaccines. However, an indirect
tuture benefit in vaccination development could
be improving regulatory processes to reduce the
time from approval to reimbursement under public
insurance plans. In 2021, parallel Health Canada
and Health Technology Assessment reviews
resulted in a listing recommendation 29 days faster
than those conducted in sequence. There are lessons
to be learned about parallel regulatory steps, price
negotiations and reducing the time-to-patient for
innovative medical products.

Clearly, Canada’s mass public vaccination
programs were effective, resulting in one of the
highest vaccination rates in the world. Most
Canadians did not require encouragement to get
vaccinated with many examples of people waiting in
line for hours or constantly refreshing browsers in
the hopes of receiving a jab.?!

However, continuing vaccine campaigns are
necessary since the effectiveness of vaccines wanes

over time. Two doses of COVID-19 vaccines
appear to provide no protection against Omicron
infections after six months and a third vaccine dose
could increase efficacy to 61 percent (Duong and
Vogel 2022). Given the mass nature of vaccination
campaigns, large portions of the population will
have waning immunity at the same time. Between
March and October 2022, the third booster-dose
uptake rate for people aged 12 and older remained
consistently low at 56 percent. Only 11 percent

of the population has received a fourth shot. The
seasonal nature of COVID-19 and other infectious
diseases (predominantly influenza) could pose a risk
to an already strained and short-staffed hospital
system if immunity levels in the population are
allowed to decline.

It is crucial to improve overall COVID-19
booster and influenza vaccine uptake. Historically,
influenza vaccination coverage among all adults
was around 40 percent.’? As the COVID-19
becomes endemic, the normalization of boosters
and continued uptake, especially among older
populations, will be necessary. The success of
the COVID-19 vaccination campaigns provides
insights for other vaccination efforts, particularly
for the working-age population. As policies adapt
to the changing nature of COVID-19, there may be
opportunities to link regular boosters with broader
public health immunization and prevention eftorts.
It could be a useful touchpoint to ensure that other
vaccinations are up-to-date and, when they are not,
to provide an avenue for access.

31 Mandatory vaccination and differential restrictions based on vaccine status were controversial for some and popular for
others. Mandatory vaccination was useful for increasing vaccination rates, but it also raised ethical debates about bodily
autonomy versus communal risk and public safety, particularly for healthcare workers and others in close contact with

vulnerable populations. It is beyond the scope of our analysis to comment on balancing individual choice with the public

benefit of achieving a high vaccination rate. Overall, the COVID-19 vaccination campaign was broadly successful and

achieved high rates of coverage.

32 See https://www.canada.ca/en/public-health/services/immunization-vaccines/vaccination-coverage/highlights-2020-2021-

seasonal-influenza-survey.html#a2a.{Ditto}
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Achieving the rapid timeline of research,
development, regulatory approval, production,
procurement, distribution and administering
vaccines is a collective success of scientists, public
institutions, private industry and governments
around the world. There are many lessons to be
learned from the process, covering public policy areas
from international trade and diplomacy to domestic
regulatory processes and insurance negotiations. To
ensure that Canada’s healthcare system is prepared
tor future COVID-19 surges, governments should
prioritize maintaining high levels of population
immunity on an ongoing basis through continued
vaccination efforts, while also encouraging uptake or
updates of other routine vaccinations.

In addition, federal and provincial governments
should adapt regulatory processes and formulary
decisions to reduce the time it takes for new
medicines to go from market approval to being
accessible to the public. The success of ongoing data
submission and parallel processing of regulatory steps

used for COVID-19 vaccines and treatments could
serve as a template for adapting processes to take
less time overall, or as a fast-tracking mechanism for
high-priority products and treatments.

Overall, vaccines were highly effective at
reducing COVID-19 cases, hospitalizations and
deaths — resulting in an estimated 21 percent
tewer cases, 37 percent fewer hospitalizations
and preventing 34,900 deaths (as of May 2022).
Vaccines along with less-deadly COVID-19
variants provided a route out of rotating lockdowns
and uncertainty. While the vaccines and vaccination
efforts were successful and cost-effective, the
continuing threat of COVID-19 means that
continued effort is needed to maintain high levels
of population immunity. In addition, there are
many lessons to be learned from the pandemic,
public health restrictions and vaccination programs
affecting long-term health and emergency
preparedness policy.
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