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ABSTRACT

At the beginning of the coronavirus disease 2019 (COVID-19) pandemic, there were many unknowns: 
transmission vectors of the virus, appropriate intervention strategies and if being immunocompromised 
due to inflammatory bowel disease (IBD), for example, or medications put a person at increased risk for 
severe COVID-19. Imposing and relaxing of public health restrictions at different times and in different re-
gions in Canada led to different epidemiologies of the virus in different provinces and territories. In order to 
understand the waxing and waning of waves of the COVID-19 pandemic, it is necessary to understand the 
effective reproductive number (Rt) and the countervailing forces that exert upward or downward pressure 
on the spread of the virus at a given point in time. As many regions in Canada deal with a third wave, the pri-
mary forces affecting the Rt of severe acute respiratory syndrome coronavirus 2 are variants of concern and 
the increasing vaccinations of Canadians leading to increased population-level immunity. Fortunately, for 
the IBD population, current research suggests that those with IBD are not at increased risk of contracting 
COVID-19, nor of having a more severe disease course when compared to the general population.
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Introduction
In December of 2019, China’s Hubei province diagnosed 
dozens of pneumonias from an unknown cause (1). These cases 
of severe acute respiratory syndrome (SARS) were identified 
as a novel coronavirus (CoV) named SARS-CoV-2. By January 
20, 2020, SARS-CoV-2 was recognized outside of China in 
Thailand, Japan and South Korea (2). As of January 23, 2020, 
a large-scale public health lockdown of Wuhan, a city of 11 
million people, was instituted to quarantine an epidemic. On 
February 11, 2020, the World Health Organization (WHO) 
named the illness caused by infection with SARS-CoV-2  ‘co-
rona virus disease 2019 (COVID-19)’ (1); then, on March 11, 
2020, the WHO declared COVID-19 a global pandemic (3). 
A  week later, China reported no new domestic cases for first 
time since the outbreak began—the end of China’s first wave 
marked the beginning of the first wave in countries throughout 
the world (1). This article explains the impact of the reproduc-
tive number of SARS-CoV-2 on the epidemiology of COVID-
19, describes the Canadian experience with COVID-19 during 
the first year of the pandemic and explores the epidemiology of 
COVID-19 in those with inflammatory bowel disease (IBD).

THE EPIDEMIOLOGIC DETERMINATES OF 
A PANDEMIC: REPRODUCTIVE NUMBER
The rate and extent of the spread of SARS-CoV-2 across dif-
ferent geographic populations is a property of the virus’ repro-
ductive number. The basic reproductive number (R0) reflects 
the transmissibility of a virus (i.e., the average number of sec-
ondary infections caused by the primary case) in the absence 
of interventions to control the virus when the whole popu-
lation is susceptible to infection (4). When the R0 exceeds 1, 
infections increase throughout the population. Without any 
interventions to control the spread of SARS-CoV-2, its R0 is 5.7 
(possibly higher for variants of concern), more than five times 
that of seasonal influenza (~1.3); this highlights the highly in-
fective nature of SARS-CoV-2 that allowed the virus to cause a 
global pandemic (5). Features of SARS-CoV-2 that make the 
virus highly infectious include mode of transmission (droplets 
and airborne), incubation period (~5 days) prior to symptom 
onset, asymptomatic or mild symptoms in the majority of those 
infected and the novelty of SARS-CoV-2 making the entire 

population susceptible. Additionally, the recent emergence of 
more infectious variants of concern has further increased the 
transmissibility of SARS-CoV-2 (2).

SARS-CoV-2 causes severe disease in a subset of individuals, 
particularly in those of advanced age or with multiple 
comorbidities. At the beginning of the pandemic, the case-
fatality (i.e., the number of individuals who died relative to the 
number diagnosed with COVID-19) was 2% to 3%, which was 
more than 20-fold higher than that of seasonal influenza (0.1%) 
(6). During the first wave of the pandemic, the net effect of the 
high morbidity and mortality associated with COVID-19 led 
to overwhelmed health care systems in the United States (e.g., 
New York City) and Italy (e.g., Milan) (7). By April 2020, daily 
deaths from COVID-19 in the United States surpassed any 
other cause, including cancer, cardiovascular disease and motor 
vehicle accidents. Moreover, models predicted catastrophic 
numbers of cases, hospitalizations, ICU admissions and deaths 
if the virus were allowed to run rampant throughout society 
without any intervention (8).

Due to the morbidity and mortality of SARS-CoV-2, 
governments across the world instituted public health measures 
to drive down the effective reproduction number (Rt). Rt is a 
measure of the actual transmissibility of a virus at a given point 
in time when measures are taken to slow an infection rate as op-
posed to the basic R0, which is a measure of how infectious a 
virus is in the absence of contravention. In order to bring the Rt 
below 1, at which point infections in the population decrease, 
public health agencies recommended drastic interventions 
that governments instituted, including stopping travel between 
countries; hygiene activities (such as handwashing); physical 
distancing beyond 2 m; personal protective equipment for 
health care professionals; wearing masks by the general popu-
lation; work from home for non-essential occupations; closure 
of schools and transition to online learning; limits to in-person 
gatherings; and the closure of non-essential businesses such 
as entertainment, fitness and restaurants. At the peak of the 
first wave of the pandemic, the majority of Canada’s popula-
tion lived under these conditions, and adherence to public 
health recommendations on limiting interpersonal contact and 
avoiding non-essential movement was high. These early efforts 
were successful in reducing the Rt below 1, leading to the end of 
the first wave by the summer of 2020, to where the number of 

Key Messages

•  The transmissibility (Rt) of SARS-CoV-2 is affected by the basic properties of the virus, modified by public health measures and uptake of 
vaccination, which can be measured over time.

•  There is no significant increase in risk for contracting COVID-19 or having severe COVID-19 for people with IBD compared to the general 
population.

•  The major risk factors for severe COVID-19 among people with IBD continue to be advanced age or severe disease activity requiring high-
dose (>20 mg/day) corticosteroid usage.
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cases and deaths occurring daily in Canada were measured in 
the hundreds and tens, respectively (Figure 1).

As governments relaxed restrictions at the trough of each 
wave of COVID-19, though, increased contact between 
individuals allowed SARS-CoV-2 to re-emerge within society 
(an increase in Rt) leading to a second wave of infections, 
which became evident in the early fall of 2020 (Figure 1). 
Rising infections in parallel to easing restrictions is a product 
of low infection rates in the general population as models 
projected that over two-thirds of Canadians required natural 
immunity (i.e., herd immunity) to keep the Rt of SARS-CoV-2 
below 1 without public health intervention. By the end of 
2020, two opposing factors would pull against the Rt of SARS-
CoV-2: vaccines and variants (9).

The spring of 2021 ushered the second wave of the pan-
demic in Canada. Driving new cases are variants of concerns—
mutations of SARS-CoV-2 that increase the transmissibility 
of the virus. These variants are easier to acquire and, in turn, 
raise the Rt of SARS-CoV-2. Counterbalancing the pressure of 
new cases is (i) the escalating vaccination of Canadians from 
those on the frontlines to those who are most vulnerable to the 

general population and (ii) ongoing public health measures 
that continue to protect the public from infections. The tug-
of-war between variants and vaccines, as well as the actions of 
the public to prevent transmission, will define the height of the 
subsequent waves of the COVID-19 pandemic in Canada and 
ultimately the waning of SARS-CoV-2 from the world.

EPIDEMIOLOGY OF COVID-19 IN CANADA
The global epidemiology of COVID-19 is comprehensively 
maintained by the Center for Systems and Engineering at Johns 
Hopkins University’s interactive online dashboard (https://
www.arcgis.com/apps/dashboards/index.html#/bda759474
0fd40299423467b48e9ecf6) (10). On March 19, 2020, over 
230,000 individuals were diagnosed with COVID-19 with 
9300 deaths reported. As of April 29, 2021, there have been 
more than 130 million global cases and over 2.8 million deaths. 
While SARS-CoV-2 reached virtually every populated region 
on Earth, the impact of COVID-19 varied by geography.

On January 25, 2020, the first case of COVID-19 was re-
ported in Canada, an individual who travelled in Wuhan, China. 

Figure 1. Rt of COVID-19 in Canada (blue) and weekly incidence of new cases per 100,000 total population (green). Rt is the effective reproduction 
number (https://royalsociety.org/-/media/policy/projects/set-c/set-covid-19-R-estimates.pdf) and represents the rate of transmission of the virus at a 
given point in time (4). Rt was calculated based on a weekly time interval, considering the doubling time and exponential growth of COVID-19 in Canada. 
This figure demonstrates how minor fluctuations in Rt can lead to exponential growth (or decline) in weekly incidence of cases and gives credence to the 
need to drive Rt below 1 to manage the pandemic. As seen in the most recent data, with Rt decreasing but still above 1, the rate of new cases can be slowed, 
but Rt must fall below 1 before the number of weekly cases begins to decline. Weekly case counts for both incidence and Rt calculated from Government of 
Canada, April 20, 2021 (https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html).
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During the first 2 months of 2020, COVID-19 cases in Canada 
were driven largely by those returning from travel outside of 
the country. However, by March 2020, community spread 
was recorded in most provinces. The COVID-19 Canadian 
Outbreak Tracker provided by Esri Canada is an online interac-
tive dashboard (https://resources-covid19canada.hub.arcgis.
com/) that reported the number of diagnosed Canadians with 
COVID-19 throughout the pandemic. On March 19, 2020, the 
database reported 846 Canadians diagnosed with COVID-19, 
which escalated to over 1 million cases and 23,000 deaths in 
the span of just over one year—by April 3, 2021. The per capita 
rates of COVID-19 in the first wave of the pandemic were 
highest in Quebec and Ontario, followed by the West and Nova 
Scotia; the rest of the Atlantic provinces, the prairie provinces 
and the territories showed the lowest infection rates per capita 
during the first wave of the pandemic (Figure 2).

In response to the threat SARS-CoV-2 overwhelming the 
ability of the Canadian health care systems to provide life-
preserving care for the infected, every provincial government 
instituted policies under the guidance of their medical officers 

of health to reduce the opportunities for viral transmission; this 
included the closing of non-essential business, closing in-person 
instruction at schools and universities and shifting to remote 
learning, and imposing restrictions on mobility and social con-
tact between households. The sacrifices made by Canadians to 
lockdown during the first wave of the pandemic were effective in 
flattening the epidemiologic curve of COVID-19 and preventing 
overwhelmed health care systems whereby admissions to hos-
pital and to intensive care units would have otherwise surged 
past capacity. The pooled effect of these restrictions, as well as the 
high adherence of the population to these restrictions, reduced 
transmissibility of SARS-CoV-2, allowing time for health care 
systems to increase capacity, procure additional personal protec-
tive equipment, implement testing and contact tracing protocols, 
and refine our understanding of how SARS-CoV-2 is spread and 
the impact of mask wearing on reducing transmission. During 
this time, we also continued to gather knowledge on how to best 
improve outcomes for persons with COVID-19, and to begin the 
trials that would eventually lead to the development of highly ef-
ficacious vaccines.

Figure 2. Prevalence of COVID-19 cases in Canada per 100,000 population over time. Total cumulative COVID-19 cases (numbers on each province/
territory) and prevalence per 100,000 population (2019 population) colour-coded by quintiles from April 15, 2020–April 15, 2021. The prevalence of 
COVID-19 in Canada changed in different regions throughout the pandemic due to adherence to public health measures: For example, while Nova Scotia 
was originally one of the hardest-hit provinces by the virus, the Rt of the virus was dramatically reduced after the first wave of the pandemic such that the 
Atlantic Bubble (Nova Scotia, New Brunswick, Prince Edward Island and Newfoundland and Labrador) did not experience a dramatic second wave, worse 
than the first, at the same time as most central and western provinces experienced their second waves. Daily cumulative totals retrieved from Government 
of Canada, April 19, 2021 (https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html).
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Throughout Canada, the second wave became apparent in 
October 2020. To our worst fears, the number of cases in the 
fall was considerably higher than the first wave in the spring: 
During the first wave of the pandemic (March to May 2020), 
daily cases peaked at ~1500 diagnoses a day, whereas over 
8000 cases a day were reported across Canada in early January 
2021. The second wave led to reimplementation of lockdowns 
that ultimately reduced the number of cases of COVID-19 in 
February 2021. As restrictions following the second wave were 
lifted, we have entered a third wave with case counts exceeding 
those at the peak of the second wave with new cases reaching 
more than 9000 per day in April 2021.

Relative to many other nations, Canada has been somewhat 
mediocre in mitigating the spread of SARS-CoV-2: We have not 
enjoyed the success of countries that swiftly implemented strict 
lockdown laws like New Zealand, Singapore or South Korea; 
but neither have we experienced the overwhelming spikes 
witnessed in countries that prematurely eased restrictions like 
Brazil, the United Kingdom or the United States. The efforts of 
Canadians to isolate and reduce the spread allowed us to avoid 
overwhelming our health care systems during the first wave of 
the pandemic (March to June 2020). However, at the time of 
writing (May 18, 2021), we are currently in the midst of our 
third wave, which had higher daily case counts than the peak 
of our second wave in January 2021. If anything can be learned 
from the global epidemiology of this virus, it is that as vaccine 
roll-out continues, we will be able to drive weekly case counts 
down sharply as we get nearer to herd immunity. Figure  3 
provides a comparison of selected countries with Canada, in-
cluding some key milestones that influence Rt in those regions.

EPIDEMIOLOGY OF COVID-19 IN PEOPLE 
WITH IBD
When the first wave of the pandemic hit Canada in the spring of 
2020, individuals with IBD were alarmed by the unknown risk 
of COVID-19 among the immunocompromised. In the absence 
of any data on the risk of COVID-19 in persons with IBD, many 
gastrointestinal societies provided recommendations to persons 
with IBD that aligned with public health recommendations to 
reduce transmission (11–14). Early analyses in Asia and Europe 
suggested that these public health measures may have reduced 
transmission of SARS-CoV-2 in the IBD population (15,16).

Most studies suggest that the risk of acquiring COVID-19 is 
the same across the IBD and general populations. A systematic 
review of 24 studies showed a lower incidence of COVID-19 
infection in those with IBD (4.02 per 1000)  as compared to 
the general population (6.59 per 1000); however, this differ-
ence in risk was not statistically significant (17). A nationwide 
study in Denmark during the first wave of the pandemic showed 
those with IBD were less susceptible to being diagnosed with 

COVID-19 as compared to the general population (18), 
whereas a population-based study from Sweden showed that 
persons with IBD were more likely to be hospitalized for 
COVID-19, but the risk of severe disease (ICU admission or 
death) was similar to the general population (19). Similarly, the 
risk of hospitalization or death after COVID-19 in those with 
IBD was similar to the general population in a U.S. population 
(20). An Italian study reported that people with IBD were more 
likely to become infected with COVID-19 and more likely to 
require hospitalization than the general population (21). A key 
limitation of these studies is their failure to account for poten-
tial differences in adherence to public health guidelines (e.g., 
working from home) among the IBD population relative to the 
general population and if reassuring data on risk from the first 
wave of the pandemic influenced these behaviours during the 
second wave.

A systematic review of on the prevalence of COVID-19 in 
those with autoimmune diseases demonstrated that those 
with IBD had the lowest prevalence among immune-mediated 
diseases (22). Serosurveillance studies in IBD populations 
without a known diagnosis of COVID-19 have shown a se-
roprevalence of 1% in Canada (23), which was lower than 
that in the United States (3%) (24) and the United Kingdom 
(4.3%) (25). Overall, the prevalence of COVID-19 in those 
with IBD likely corresponds to the frequency of SARS-CoV-2 
in the general population; for example, in Milan (an epicentre 
for COVID-19), 5.4% of people with IBD had antibodies to 
SARS-CoV-2 as compared to only 0.4% in regions in Italy 
with lower rates of infection in their general populations 
(26). Serosurveillance studies in those with IBD should be 
interpreted cautiously as the CLARITY study in the United 
Kingdom demonstrated that seroconversion was influenced by 
therapy whereby those on anti-TNF (3.4%) had a lower sero-
positivity as compared to those on vedolizumab (6.0%) (25). 
Additionally, a study from Canada showed serological response 
wanes over time in persons with IBD who recovered from an 
infection from SARS-CoV-2 (23).

CONCLUSION
The epidemiology of SARS-CoV-2 and the disease caused by 
a resulting infection, COVID-19, is complicated by the waxing 
and waning of public health measures instituted in different re-
gions at different times, and local compliance with those meas-
ures. Different regions around the world serve as case studies 
for the effectiveness of various public health measures such as 
masking, hand hygiene and lockdowns. With the exception 
of localized outbreaks that overwhelmed some health sys-
tems early in the pandemic, general adherence to public health 
guidelines have bought health researchers the necessary time 
to discover treatments and vaccines to SARS-CoV-2 and to 
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understand the definition of vulnerable populations to this viral 
threat: In the early stages of the pandemic, it was not clear if 
those with IBD would be at greater risk of infection or severe 
disease; over the course of the past year, we have learned that 
those with IBD at the greatest risk of severe COVID-19 are 
those of advanced age and those on high-dose steroids for their 
IBD. As we proceed through the second year of this pandemic, 
the most pressing questions for the IBD community concern 
vaccines, the amount of immune response mounted by people 
on immunomodulating therapies for their IBD and how long 
immunity can be conferred by prior infection or vaccination in 
this population.
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