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While surveillance can identify changes in COVID-19 transmission patterns over time and
space, sections of the population at risk, and the efficacy of public health measures, re-
ported cases of COVID-19 are generally understood to only capture a subset of the actual
number of cases. Our primary objective was to estimate the percentage of cases reported in
the general community, considered as those that occurred outside of long-term care fa-
cilities (LTCFs), in specific provinces and Canada as a whole. We applied a methodology
using the delay-adjusted case fatality ratio (CFR) to all cases and deaths, as well as those
representing the general community. Our second objective was to assess whether the
assumed CFR (mean ¼ 1.38%) was appropriate for calculating underestimation of cases in
Canada. Estimates were developed for the period from March 11th, 2020 to September
16th, 2020. Estimates of the percentage of cases reported (PrCR) and CFR varied spatially
and temporally across Canada. For the majority of provinces, and for Canada as a whole,
the PrCR increased through the early stages of the pandemic. The estimated PrCR in
general community settings for all of Canada increased from 18.1% to 69.0% throughout the
entire study period. Estimates were greater when considering only those data from outside
of LTCFs. The estimated upper bound CFR in general community settings for all of Canada
decreased from 9.07% on March 11th, 2020 to 2.00% on September 16th, 2020. Therefore,
the true CFR in the general community in Canada was likely less than 2% on September
16th. According to our analysis, some provinces, such as Alberta, Manitoba, Newfoundland
and Labrador, Nova Scotia, and Saskatchewan reported a greater percentage of cases as of
September 16th, compared to British Columbia, Ontario, and Qu�ebec. This could be due to
differences in testing rates and criteria, demographics, socioeconomic factors, race, and
access to healthcare among the provinces. Further investigation into these factors could
reveal differences among provinces that could partially explain the variation in estimates
of PrCR and CFR identified in our study. The estimates provide context to the summative
state of the pandemic in Canada, and can be improved as knowledge of COVID-19 reporting
rates and disease characteristics are advanced.
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1. Introduction

Surveillance is critical to inform the global public health response to the Coronavirus disease (COVID-19) pandemic;
COVID-19 is caused by infection with the SARS-CoV-2 virus. Surveillance can identify changes in COVID-19 transmission
patterns over time and space, sections of the population at risk (Paquette et al., 2020), and the efficacy of public health
measures (Lai et al., 2020). Disease underestimation (the combination of under-ascertainment and under-reporting) occurs
when a surveillance system is unable to capture all the cases and deaths associated with a disease in a given population
(Gibbons et al., 2014). All human infectious disease surveillance systems are burdened with some degree of underestimation
(Gibbons et al., 2014). When underestimation associated with a surveillance system is constant over time and among sub-
populations, trends can be detected and extrapolated to the entire population. When underestimation is not constant,
trend and extrapolation analyses can be applied if inequalities are known or adjusted for (MacDougall et al., 2008; Majowicz
et al., 2005).

Reported cases of COVID-19 are generally understood to only capture a subset of the actual number of cases. There are
several reasons for this. Surveillance systems can only capture those cases that soughtmedical care (or at least sought testing),
and received a diagnostic test that was determined to be “positive”, that was subsequently reported back to the surveillance
system. Many cases of COVID-19 are mild in severity (Gandhi, Lynch,& del Rio, 2020; Wu &McGoogan, 2020), which reduces
the likelihood that they would seek medical care and testing (Peppa et al., 2017). Policies that restrict who can be tested (to,
for example, healthcare workers, or those that exhibit a specific set of symptoms) can also cause under-ascertainment of
cases. Additionally, a low percentage of individuals with COVID-19 may falsely test negative in diagnostic tests (Kim, Hong, &
Yoon, 2020).

Russell et al. (2020) developed a methodology to estimate the underestimation of COVID-19 using a delay-adjusted case
fatality ratio (CFR) (Russell et al., 2020). A CFR is defined as the ratio of deaths to symptomatic cases over a specified time
period. The authors assumed that if a country had a CFR greater than 1.38, the cause of the deviation was the result of un-
derestimation. However, factors other than underestimation could result in deviations from this CFR, and some variables may
affect both underestimation and CFR. For example, population age demographics, socio-economic factors, and regional
variation in access or availability of medical care and/or testing can all play a role. Contact tracing and expansive testing
policies can have a large effect on bridging the gap between detected cases and the true number of cases, particularly if cases
are mild or asymptomatic.

In Canada, outbreaks of COVID-19 in long term care facilities (LTCFs) have contributed substantially to deaths due to
COVID-19 (Comas-Herrera et al., 2020). As of September 8th, 2020, approximately 31% of reported COVID-19 cases and 79% of
deaths have been linked to LTCFs (Health Portfolio Operations Centre Health Surveilance and Epidemiology Division, 2020).
Residents of these facilities are typically elderly and aremore likely to have comorbidities than the average Canadian, and thus
are particularly susceptible to severe and fatal effects of SARS-CoV-2 infection (Comas-Herrera et al., 2020; Zhou et al., 2020).
Also, the rate of transmission of COVID-19 within and among LTCFs was much higher than observed for the general popu-
lation (Bigelow et al., 2020; Holroyd-Leduc & Laupacis, 2020), as has been observed in outbreaks of other respiratory in-
fections (Childs et al., 2019). These factors result in both a relatively high case incidence and CFR in LTCF residents compared to
the remainder of the population (herein referred to as the “general community” for simplicity), which has had a large in-
fluence on the average CFR observed in Canada.

In this study, the objective was to estimate the percentage of cases reported in the general community in Canada. To meet
this objective, we used the analysis and CFR from Russell et al. (2020) and additionally excluded cases and deaths that
occurred in LTCFs from the national and provincial COVID-19 data. The CFR associatedwith COVID-19 is highly uncertain, with
substantial variation in reported estimates in the literature. Hence, our second objective was to assess whether the assumed
CFR was appropriate for estimating the percentage of cases reported of cases in Canada.

2. Methods

We used the delay-adjusted CFR to estimate the percentage of cases reported over time, for each province, and at the
national-level in Canada.

2.1. Data sources and modifications to estimate the number of cases and deaths in the general community

Daily provincial cumulative case and death counts were downloaded from the Government of Canada’s website
(Government of Canada, 2020). Information regarding cumulative cases and deaths that occurred in LTCFs were collected
from news articles and publicly available provincial data sources by a team of Canadian federal government epidemiologists
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and data scrapers (Health Portfolio Operations Centre Health Surveilance and Epidemiology Division, 2020). We extracted
this information from daily reports produced since May 1st, 2020 and April 14th, 2020 for cases and deaths, respectively.

To estimate LTCF cases that occurred prior to May 1st, the number of cases reported in LTCFs on May 1st were divided by
the total number of cases reported the same day, to derive province- and territory-specific ratios. These ratios were then
multiplied by the respective daily cumulative number of reported cases to derive cumulative LTCF case estimates fromMarch
11th through April 30th for each province and territory. This same approachwas applied for deaths, but data reported on April
14th were used to derive the ratios.

In some instances, case and death counts were not reported on weekends and holidays. Linear interpolation was used to
derive counts where no reported data were available.

Cumulative cases that occurred in LTCFs in Qu�ebec were not available in datasets collected by data scrapers at the Health
Surveillance and Epidemiology Division in the Health Portfolio Operations Centre. Therefore, we divided the total number of
deaths in LTCFs excluding Qu�ebec by the corresponding total number of cases to determine the crude CFR specific to LTCFs
elsewhere in Canada, using the most recent data available (September 29th, 2020). The Qu�ebec LTCF death counts were then
divided by the calculated crude CFR to generate time-series data for the daily cumulative cases in Qu�ebec LTCFs.
2.2. Estimating the number of cases and deaths in the general community

We subtracted the daily estimated cumulative cases and deaths in LTCFs from the corresponding totals reported for each
province or territory and for Canada. This yielded adjusted estimates to approximate the number of cases and deaths in the
general community.
2.3. Estimating the percentage of cases reported compared to the expected number of cases

To obtain estimates for the percentage of cases reported (PrCR) on each day (dayx), we used Eq. (1):

PrCRdayx ¼
# cumulative reported casesdayx

ð# cumulative reported deathsdayxþCFL
.
CFRÞ

(1)

where CFL and CFR represent the case fatality lag and case fatality ratio, respectively.
We used a stochastic approach to incorporate uncertainty and variability associated with the CFR and CFL. The CFR was

parameterized as a normal distribution with 5th and 95th percentiles of 1.23% and 1.53%, respectively, and a mean value of
1.38% (Verity et al., 2020).

The CFL represents the estimated number of days between a reported case resulting in a reported death (assuming the case
was fatal). The CFL was represented as a lognormal distribution with a mean of 10 days and a standard deviation of 2 days
(Imperial College COVID-19 response team, 2020).

The model incorporated daily cumulative data reported from March 11th, 2020 (the date Canada reported its 100th case)
through September 29th, 2020. Results were generated for each province and territory, as well as for all of Canada. The model
was run using both unadjusted cumulative counts (to develop raw estimates that include cases and deaths in LTCFs) and
general community cumulative counts (to develop adjusted estimates that describe the general community setting, and
exclude cases and deaths in LTCFs). Estimates were developed for the period fromMarch 11th, 2020 to September 16th, 2020.
2.4. Estimating the case fatality ratio

To check that an assumed CFR of 1.38% is appropriate for calculating the percentage of cases reported in Canada, we
obtained an estimate for the CFR for reported cases on a given day (dayx) using Eq. (2):
Table 1
The number of cumulative deaths and cumulative deaths in the general community in each province included in this study, as well as the total in Canada, as
of September 29th, 2020.

Jurisdiction Cumulative deaths Cumulative deaths in the general community (excluding deaths in LTCFs)

Alberta 266 96
British Columbia 234 68
Manitoba 20 12
Newfoundland and Labrador 3 3
Nova Scotia 65 8
Ontario 2844 799
Qu�ebec 5833 945
Saskatchewan 24 22
Canada 9291 1953

LTCFs: Long term care facilities.
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Table 2
The estimated unadjusted and general community percentage of cases reported (PrCR) with 90% credible interval (CrI) for each studied province and
Canada, as of September 16th, 2020.

Jurisdiction Unadjusted PrCR (90% CrI) General community PrCR (90% CrI)

Alberta 85.1 (75.9e94.5) 215 (192e240)
British Columbia 45.0 (40.2e50.0) 138 (123e153)
Manitoba 108 (95.2e121) 182 (160e204)
Newfoundland and Labrador 125 (111e138) 124 (111e138)
Nova Scotia 23.1 (20.5e25.6) 125 (111e139)
Ontario 22.1 (19.7e24.4) 61.4 (54.8e68.2)
Qu�ebec 15.6 (13.9e17.3) 52.4 (46.7e58.2)
Saskatchewan 101 (89.7e112) 109 (97.5e122)
Canada 20.8 (18.6e23.1) 69.0 (61.6e76.7)
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CFRdayx ¼
#cumulative reported deathsdayxþCFL

#cumulative reported casesdayx � PrCR
100

(2)
This provided an upper-bound estimate for CFR by assuming that PrCR¼ 100%. The CFL, study period, and geographic area
were defined as above. These upper-bound CFRs were calculated using both unadjusted cumulative counts and general
community cumulative counts.

2.5. Model implementation

The model was implemented in Microsoft Excel using the @Risk version 7.6 add-on (Palisade Corporation, New York, USA)
to allow for Monte Carlo simulation using Latin Hypercube sampling, using a randomly selected static seed value. Results
were obtained using 1000 iterations for each simulated day.

3. Results

The PrCR and CFR estimates were calculated for provinces and territories that had reported at least one death outside of
LTCFs prior to September 16th. Therefore, estimates were not generated for the following provinces/territories: New
Brunswick, Northwest Territories, Nunavut, Prince Edward Island, and the Yukon. The number of unadjusted and adjusted
cumulative deaths reported in each province studied are provided in Table 1.

3.1. Percentage of cases reported

For the majority of provinces, and for Canada as a whole, the PrCR for the general community increased through the early
stages of the pandemic (March through April; Fig. 1). Estimates were consistently greater than the estimates from the models
unadjusted for LTCF cases and deaths (Supplementary Materials). For example, on September 16th, 2020, the general com-
munity and unadjusted models estimated a PrCR of 69.0% (90% CrI: 61.6%e76.7%), and 20.8% (90% CrI: 18.6%e23.1%),
respectively, for all of Canada.

Unadjusted and adjusted PrCRs calculated as of September 16th, 2020 for each studied province are provided in Table 2.
The estimated PrCR in general community settings for all of Canada increased from 18.1% to 69.0% throughout the entire study
period. At varying stages of the pandemic, the model produced mean PrCR estimates for the general community greater than
100% for British Columbia, Alberta, Manitoba, Newfoundland and Labrador, Nova Scotia, and Saskatchewan (Fig. 1).

3.2. Case fatality ratio

Fig. 2 displays the model results for CFR using reported cases for each province and Canada as awhole. Given that Eq. (2) is
a simple rearrangement of Eq. (1), the inverse trend is observed compared to Fig. 1.

Unadjusted and adjusted CFRs calculated as of September 16th, 2020 for each studied province are provided in Table 3.
These CFRs are the estimated maximum CFRs in the general community for each province and Canada. The lowest mean CFR
in general community settings on September 16th, 2020 was 0.64% (90% CrI: 0.64%e0.65%), in Alberta. The highest mean CFR
in general community settings on this date was 2.63% (90% CrI: 2.62%e2.65%), in Qu�ebec. The estimated CFR in general
community settings for all of Canada decreased from 9.07% onMarch 11th, 2020 to 2.00% on September 16th, 2020. Therefore,
the true CFR in the general community in Canada was likely <2.00% on September 16th according to this method. Distri-
butions of CFR in all models reflected awide range of credible intervals and fluctuated substantially in the first 30 days studied
using the model. At later dates, the models typically stabilized and credible intervals narrowed considerably (Fig. 2).
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Table 3
The estimated unadjusted and general community case fatality ratio (CFR) with 90% credible interval (CrI) for each studied province and Canada
assuming no underestimation, as of September 16th, 2020.

Jurisdiction Unadjusted CFR (90% CrI) General community CFR (90% CrI)

Alberta 1.62 (1.61e1.65) 0.64 (0.64e0.65)
British Columbia 3.07 (3.03e3.12) 1.00 (0.97e1.01)
Manitoba 1.28 (1.21e1.34) 0.76 (0.75e0.82)
Newfoundland and Labrador 1.11 (1.11e1.11) 1.11 (1.11e1.11)
Nova Scotia 5.99 (5.99e5.99) 1.11 (1.11e1.11)
Ontario 6.25 (6.25e6.27) 2.25 (2.24e2.25)
Qu�ebec 8.84 (8.82e8.86) 2.63 (2.62e2.65)
Saskatchewan 1.37 (1.37e1.37) 1.26 (1.26e1.26)
Canada 6.63 (6.62e6.65) 2.00 (1.99e2.01)
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4. Discussion

4.1. Percentage of cases reported and case fatality ratios

Our unadjusted estimates for the PrCR for Canada are comparable to the estimates developed earlier in the pandemic by
Russel et al. (2020) and Zhao (2020). Russel et al. (2020) estimated that on June 6th, 2020, Canada reported 26.1% (95% CrI:
20.8%e31.7%) of COVID-19 cases, compared to our unadjusted estimate of 16.0% (90% CrI: 14.2%e17.7%) on that same date
(Supplementary Materials). The disparity is the result of different data sources used to inform the number of reported cases
and deaths, as well as model parameterization of case fatality lag. For the former, Russell et al. (2020) used data from the
European Centre for Disease Prevention and Control (2020), while we used the officially reported data from the Government
of Canada (2020). Russell et al. (2020), used a mean value of 13 days for CFL whereas our model used a mean value of 10 days
derived by the Imperial College COVID-19 response team (2020). Of the 140 countries included in the analysis by Russell et al.
(2020) Canada had the 118th highest proportion of cases reported. If our unadjusted estimate had been used, Canada would
have been ranked 135th out of the 140 countries assessed. However, after removing LTCF cases and deaths, our adjusted
general community estimate of 56.2% (90% CrI: 50.0%e62.6%) for June 6th would have improved Canada’s ranking to be 68th
of the 140 countries. The difference between our unadjusted and adjusted estimates highlights the impact that outbreaks in
LTCFs had on Canada’s apparent CFR.

Estimates of PrCR and CFR varied spatially and temporally across Canada. The PrCR for the general population increased
from March 11th through approximately mid-April for all provinces. This increase was likely the result of improved avail-
ability of testing, relaxing of criteria of who qualified for a test, contact tracing, changes in behaviour regarding seeking
medical care/testing, or a combination of these. According to our analysis, some provinces, such as Alberta, Manitoba,
Newfoundland and Labrador, Nova Scotia, and Saskatchewan reported a greater percentage of cases as of September 16th
compared to other jurisdictions such as Ontario, and Qu�ebec. This could be due to differences in testing rates and criteria, and
differences in the epidemics among the provinces. Mean PrCR estimates for the general community were sometimes greater
than 100% for these provinces. In these instances, it is possible that the CFR in the study population was lower than the
assumed mean of 1.38%.

Throughout the early stages of the COVID-19 pandemic, testing capacities and supplies were in limited supply across the
globe. This is likely to have had an impact on the number of tests performed across Canada. Provinces that tested a greater
proportion of the population might have been more likely to report a relatively greater number of cases, increasing the
numerator in Eq. (1) and thereby the PrCR. If the estimated PrCR could be explained on the basis of per capita testing alone,
one would expect that the ranking of PrCR and per capita testing would coincide. As of September 16th, 2020, per capita
testing rates in the provinces reported on in our study here ranged from 6.92% to 22.6% (in Newfoundland and Labrador and
Ontario, respectively) (Government of Canada, 2020), and the rankings do not correspond with estimated PrCRs. Therefore,
the differences among estimated PrCRs are not fully explained by reported per capita testing rates. Inter- and intra-provincial
differences among testing policies and criteria over time could account for this. Each province implemented distinct rules for
test qualification at different dates throughout the pandemic. For example, some provinces implemented universal testing
(i.e., testing anyone with symptoms) in early April, while others restricted testing to only individuals with a known exposure
event or members of priority groups (e.g., healthcare workers) until mid May. A less restrictive testing policy would be ex-
pected to result in capture of a higher number of cases. In Alberta and Saskatchewan, asymptomatic testing has occurred since
May, so the CFR estimated for these provinces may more likely approach the infection fatality rate (IFR). Community-
transmission of COVID-19 has been greatly reduced in the Atlantic provinces since June, with many reported cases identi-
fied by routine screening of travellers, or associated with small outbreaks in which contacts would be tested whether or not
they were asymptomatic. Therefore, the CFR is perhaps closer to the IFR in the Atlantic provinces.

It is also possible that the true CFR varies across Canadian jurisdictions, which would impact the estimates of PrCR. The
observed CFR is in partially dependent on the underlying age-distribution of cases among provinces. Age has been found to be
strongly linked with severity of COVID-19 cases, with old age associated with more severe outcomes including death (Onder
et al., 2020), and higher CFRs (Botly et al., 2020). Available data provide evidence of differential age-distributions of people
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Fig. 1. Estimates (mean and 90% credible interval band) for the percentage of cases reported in the general community (defined as all people in Canada that reside outside of long term care facilities) for eight provinces
(AeH) and Canada (I) over time, assuming a mean case fatality ratio of 1.38%.
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Fig. 2. Estimates (mean and 90% credible interval band) for the case fatality ratio in the general community (defined as all people in Canada that reside outside of long term care facilities) for eight provinces (AeH) and
Canada (I) over time, assuming no underestimation (i.e., 100% reporting) of cases.
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across the provinces and territories in Canada. As of September 10th, 2020, 8.0%,12.5%, 20.4%, and 25.2% of reported COVID-19
cases were 70 years of age or older in Alberta, British Columbia, Ontario, and Qu�ebec, respectively (Alberta Health, 2020; BC
Centre for Disease Control, 2020; Institut national de sant�e publique du Institut national de sant�e publiquedu Qu�ebec, 2020;
Public Health Ontario, 2020). This ranking corresponds with the inverse relative ranking of PrCR for these four provinces
(which constitute the majority of cases reported in Canada). However, these proportions include cases linked to LTCFs, and it
is therefore possible that these differences do not reflect age-distributions of general community cases. The severity of illness
(and therefore CFR and estimated PrCR) could be affected by other factors including socioeconomic factors, race, and access to
healthcare (Galea& Abdalla, 2020; Lazzerini et al., 2020); the prevalence of these factors are expected to vary across provinces
and territories. Further investigation into these factors could reveal differences among provinces that could partially explain
the variation in estimates of PrCR identified in our study.

The CFR estimated for the general community in Canada was 2.00% (90% CrI: 1.99%e2.01%) on September 16th, 2020.
Therefore, the true CFR in the general community in Canada was less than 2%, and an assumption of an overall CFR of 1.38%
seems reasonable. The high CFR in the early months of the epidemic is consistent with estimates by others (Abdollahi et al.,
2020; Zhao, 2020). The estimated CFR for the general community in Ontario in June is consistent with the overall 3.3% ob-
tained from a subset of resolved cases (i.e., recovered or died) calculated from data on cases reported from January to June in
Ontario by Papst et al. (2020).
4.2. Limitations

To adjust for the lack of available data in Qu�ebec for cases that occurred in LTCFs, we applied the CFR derived from case and
death counts in LTCFs from all the other provinces/territories to retroactively calculate cases in Qu�ebec LTCFs. This could have
resulted in under- and overestimated general community PrCRs and CFRs, respectively for this province. Additionally, the lack
of LTCF data prior to May 1st, 2020 required us to estimate this missing data. Due to this, the results of our model prior toMay
1st, 2020 should be interpreted with caution.

Estimates for both PrCR and CFR were based on the assumption that deaths from COVID-19 were always reported (i.e., no
underestimation). While we expect that the majority of causes for underestimation previously described are less likely to
impact fatality reports, it is possible that on rare occasions a COVID-19 death was unreported. An unreported death would
have a minimal impact on our estimates in jurisdictions with numerous deaths attributed to COVID-19. However, the impact
would be substantial in provinces that have reported very few deaths such as Manitoba, Newfoundland and Labrador, and
Saskatchewan. Conversely, it was also assumed that the impact of incorrect attribution of COVID-19 to cause of death was
negligible.

An additional limitation of this study was the limited availability of data to characterize the two parameters used in our
models, CFR and CFL. Many studies have attempted to determine the CFR of COVID-19, but there is substantial variation in the
findings of these studies for many reasons (Rajgor et al., 2020). In this study, we used a distribution around themean estimate
of 1.38% that was developed by Verity et al. (2020). This estimate incorporated adjustments for demography and under-
ascertainment, which are factors that can influence CFR. Given that our analysis excluded cases and deaths linked to
LTCFs, it was deemed also appropriate to select a CFR estimate that is on lower end of the range of estimates reported in the
literature. This approach was supported by our finding that in some jurisdictions the estimated mean PrCR exceeded 100%,
which indicated that the true CFR was even lower than 1.38%. We also assumed a CFL following a lognormal distribution of
10 ± 2 days, as in Imperial College COVID-19 response team (2020). This is lower than themean value of 13.59 ± 2 days used in
another Canadian study (Abdollahi et al., 2020). Our model was rerun using this longer CFL and there were no appreciable
differences in the model outputs. A comprehensive Canadian retrospective study is required to reduce the uncertainty in this
parameter for future modelling studies.

While our model is structured to estimate either PrCR or CFR, the accuracy of the absolute estimates for one variable are
dependent on the quality of data for the other. If better information become available about CFR, then confidence in the
absolute estimates of PrCR is improved, and vice versa. In the near-term, is more likely that the CFR can be better informed
through province- and territory-specific observational studies. Nevertheless, the current estimates can provide essential
information on the relative differences across Canada with respect to the percentage of cases reported and CFRs.
5. Conclusion

The methodology used in this paper uses cumulative case and death data, having excluded cases and deaths that occurred
in LTCFs, to develop estimates that aim to describe either the PrCR or CFR of a jurisdiction over time. The estimates are
therefore helpful to provide context to the summative state of the pandemic in Canada, and can be improved as knowledge of
COVID-19 reporting rates and disease characteristics are advanced. Exploring methods to understand the magnitude of the
true number of cases of COVID-19 in the general community is critical to developing appropriate interventions. Identification
of differences within Canada regarding the percentage of cases reported and case-fatality ratios, when combined with
knowledge of differing existing interventions, provides important information for decision-making.
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