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Abstract

Background: Like endemic coronaviruses, severe acute respiratory syndrome coronavirus 2
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(SARS-CoV-2) is believed to have emerged in humans from a zoonotic source and may

ultimately develop a seasonal pattern. A seasonal pattern, particularly if combined with

other seasonal outbreaks of respiratory virus infections, may have significant impacts on the
healthcare system. We evaluated the seasonal pattern of existing endemic coronaviruses and
several other common respiratory viruses to determine the potential impacts of added burden
of respiratory disease should SARS-CoV-2 establish seasonality.

Methods: National surveillance data for laboratory confirmations of endemic coronaviruses,
influenza A and B viruses, rhinovirus/enterovirus, human metapneumovirus, respiratory syncytial
virus and parainfluenza virus for the past 10 years were obtained from the Government of
Canada Open Data and FluWatch. Epidemic curves were generated from total case numbers
and percent of samples testing positive for each respiratory virus by epidemiological week.

Results: In Canada, endemic coronaviruses and other common respiratory viruses cause annual
seasonal outbreaks in the winter months. Should SARS-CoV-2 develop a seasonal pattern
similar to endemic coronaviruses and respiratory viruses, co-circulation would be expected to
peak between January and March. Peak endemic coronavirus activity occurs during the nadir of

rhinovirus/enterovirus and parainfluenza activity.
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Conclusion: Healthcare settings, assisted-living and long-term care homes, schools and
essential services employers should anticipate and have contingencies for seasonal outbreaks

of SARS-CoV-2 and co-circulating respiratory viruses during peak seasons. Given the likelihood
of co-circulation, diagnostic multiplex testing targeting co-circulating pathogens may be
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more efficient than single target assays for symptomatic individuals if a seasonal pattern to

coronavirus disease 2019 (COVID-19) is established.
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Introduction

In December 2019, a novel coronavirus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged

and spread rapidly and globally via efficient human-to-human
transmission (1). The virus is currently believed to have emerged
from a zoonotic reservoir and is most closely related to known
bat coronaviruses; however, the exact zoonotic path to efficient
human-to-human transmission remains unknown (2). Zoonotic
emergence of human coronaviruses is hardly surprising

and has historically been the common origin of all human
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coronaviruses (2). While zoonotic origin is common to all
coronaviruses, some have established human endemicity while
others have not. The highly pathogenic beta-coronaviruses,
severe acute respiratory coronavirus 1 (SARS-CoV-1), the cause
of the 2003 sudden acute respiratory syndrome (SARS) outbreak
and the cause of Middle East respiratory syndrome (MERS) virus,
both emerged from bat coronaviruses via intermediate hosts
(civet cats and camels, respectively) but never established human
endemicity. In addition, there are four endemic coronaviruses
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that have been circulating in humans (since prior to SARS-CoV-2);
each of which had emerged from zoonotic reservoirs at different
times in the past (Table 1) (2). Molecular analysis of coronavirus
genomes has shown that coronaviruses crossed into human
populations periodically throughout history, likely resulting in
epidemics at the time of emergence. Prior to the widespread
emergence of SARS-CoV-2, the most recent global emergence of
a now-endemic human coronavirus was OC43, which is estimated
to have occurred around 1890, coinciding with, and bringing

into question the cause of the so-called “Russian flu” (2,3).

While the factors associated with a virus establishing endemicity
are not known, viruses that establish endemicity have common
features: efficient person-to-person spread; global expansion;
and limited severity (severe symptomatology contributes to

rapid containment of cases). Seasonality likely adds an element
of sustainability for a viral pathogen as well because sustained
epidemics eventually lead to herd immunity while intermittent

or seasonal epidemics allow a return of susceptible hosts in
interepidemic periods.

Table 1: Currently circulating endemic human
coronaviruses prior to zoonotic transfer to humans and
emergence timeline based on molecular analysis

. . Estimated
Endemic .| Intermediate .
. Reservoir emergence | Discovery
coronavirus host s
in humans
NL63 Bats Unknown 560-820 2004
years ago
229E Bats Camelids ~200 years 1966
ago
HKU1 Rodents Unknown ~1950s 2004
OC43 Rodents Bovines ~1890 1967

Adapted from references (2-4)

All four of these endemic coronaviruses followed a common
path from animals to humans and established endemic
circulation through efficient human-to-human spread, modest
symptomatology and seasonality. Thus, we hypothesize that
zoonotic emergence and the spread of SARS-CoV-2 may result
in establishing human endemicity. The understanding the
seasonality of endemic coronaviruses as a whole may predict
the eventual seasonality of SARS-CoV-2. We sought to describe
the seasonal pattern of endemic coronaviruses, as well as other
common respiratory viral infections, using national laboratory
surveillance to better understand the possible implications

of SARS-CoV-2 becoming a seasonal epidemic. In addition,

we provide guidance for efficiencies in laboratory testing
strategies that may be helpful in the eventual management of
influenza, respiratory syncytial virus (RSV), SARS-CoV-2 and other
respiratory pathogens.

Methods

National respiratory virus surveillance is coordinated by the
Public Health Agency of Canada (PHAC) under a program
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known as FluWatch. Data from multiple sentinel public health
and hospital laboratories across Canada are collected and
published on a weekly basis. For coronavirus and viruses other
than RSV and influenza A and B, epidemiological surveillance
by FluWatch is nationally comprehensive and includes data
from all major laboratories in Canada that perform testing. Both
the number of positive detections and test volumes for each
virus are supplied to FluWatch. These laboratories include all
the provincial public health laboratories, and, in Ontario, they
include the additional hospital laboratories that perform virus
diagnostics: Children’s Hospital of Eastern Ontario (Ottawa);
University Health Network/Mount Sinai Hospital (Toronto); Sick
Kids Hospital (Toronto); Sunnybrook Health Sciences Centre
and Women's College Hospital (Toronto); St. Joseph’s Hospital
(London); and St. Joseph's Healthcare (Hamilton). Combined,
these sentinel laboratories represent all laboratory-confirmed
detections of coronavirus and respiratory viruses in Canada, with
the exceptions of SARS-CoV-2, influenza and RSV. For influenza
and RSV, the laboratory data are comprehensive for all provinces
except Ontario, where detections may occur outside of the
sentinel surveillance system. However, FluWatch captures more
than 60% of cases through the Ontario provincial laboratory
network and the majority of the remaining cases are likely
captured through the sentinel hospital laboratories in Ontario.
The data are supplied to the PHAC on a weekly basis and
validated in a year-end report.

We retrieved the public data on laboratory-confirmed cases and
testing volumes for endemic coronaviruses (NL63, 229E, HKU1
and OC43), influenza A and B viruses, rhinovirus/enterovirus
(considered together because some molecular assays cannot
distinguish between them), RSV, human metapneumovirus and
parainfluenza virus. The study period for all viruses spanned the
2010-11 respiratory virus season (starting epidemiological week
35 of 2010, beginning August 30, 2010) through epidemiological
week 10 of the 2019-20 season (ending March 7, 2020).
Detections and test volumes were obtained from the Canadian
open data website (https://www.open.canada.ca/en/open-data)
and FluWatch reports (https://www.canada.ca/en/public-health/
services/diseases/flu-influenza/influenza-surveillance.html). These
data sets came from open-access sources of ongoing public
health surveillance and are exempt from research ethics board
approval. Data were complete for the entire study period. Data
from 2011 through 2019 have been finalized by FluWatch for
their year-end report; however, data from 2020 were collected
in real-time and minor reporting delays from provinces may
have occurred. Data from the most current three weeks was
occasionally adjusted as updated information was received in
the following weeks. At the time of this publication, all data up
to and including epidemiological week 16 (April 19, 2020) were
considered final.

Weekly cases and percent of tests positive were used to
provide an average number of cases per week and average
percent-positive specimens per week for each virus. Peak activity
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of each virus was defined as the maximum percent-positive
samples and, if a distinct epidemic wave was observed in the
combined 10-year data, the start and end of the virus season
was defined as the first week and last week that percent positive
exceeded 10% of the peak percent positive, respectively.

Results

Endemic coronaviruses demonstrated strong and predictable
seasonality in Canada with modest variation in intensity from
year to year. This was consistent with other descriptions of global
coronavirus periodicity that reported winter seasonality (5,6).
Both the number of cases of endemic coronavirus and proportion
of positive coronavirus tests had dramatic periodicity with
minimal year-to-year variation in onset and duration of the
seasonal epidemic (Figure 1). Coronavirus seasonality in

Canada, as determined by the ten-year average of positive

test proportion and average number of cases detected by
epidemiological week, is shown (Figure 2). A typical coronavirus
season, defined here as the time above 10% percent of the
highest percent positivity, began around epidemiological

week 43 (typically the end of October), peaked in week five (end
of January) and lasted until week 23 (early June), yielding an
epidemic wave lasting 30 weeks, with significant activity between
January and March and peak activity in week six (early February).

Figure 1: Seasonal pattern of endemic coronavirus
detections and percent of coronavirus tests positive for
endemic coronaviruses for the past ten years?
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—
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% positive coronavirus tests

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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2 The pattern is clearly seasonal; with epidemics occuring in winter months

Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)

The laboratory detection of endemic coronaviruses
demonstrated several differences from the seasonal epidemics of
other viruses.
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Figure 2: Ten-year average weekly detections and
average percent of coronavirus tests positive for
endemic coronaviruses in Canada®
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 Peak seasonal activity occurred between January and March. Error bars on coronavirus
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represents the 95% confidence interval around the percent of tests positive for endemic
coronavirus

Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)

Influenza A and B

In Canada, the ten-year average influenza A season started
around week 44 (early November). While this is roughly the same
time as the coronavirus season, the influenza A season peaked
considerably earlier than the coronavirus season.

The influenza B season typically occurred later than Influenza

A, with the 10-year average starting around week 48 (late
November), peaking around week 15 (early April) and ending
around week 25 (mid-June). While the peak was somewhat

later than coronaviruses, substantial overlap exists between the
seasonal endemic coronavirus season and the influenza B season
(Figure 3).

Figure 3: The 10-year average activity of influenza A,
influenza B and endemic coronaviruses by
epidemiological week
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Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)
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Respiratory syncytial virus and human
metapneumovirus

There was almost perfect overlap of the Canadian RSV and
endemic coronavirus seasons (Figure 4). Both seasonal
coronavirus and RSV seasons started around week 42 human
metapneumovirus also had seasonalities that overlapped
somewhat with coronaviruses and RSV, peaking eight weeks later
than RSV and nine weeks later than endemic coronaviruses.

Figure 4: The 10-year average activity® of respiratory
syncytial virus, human metapneumovirus and endemic
coronaviruses by epidemiological week
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Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)

Rhinovirus/enterovirus and parainfluenza
viruses

Contrasting sharply with the seasonal pattern of coronaviruses,
rhinovirus/enterovirus and parainfluenza viruses had a
pronounced bimodal seasonal pattern with the nadir occurring
at the peak of the coronavirus season (Figure 5). Should
SARS-CoV-2 adopt a similar seasonal pattern to other endemic
coronaviruses, one would expect minimal activity of rhinovirus
and parainfluenza virus during peak coronavirus activity.

Prevalence of viral illness

Figure 6 demonstrates the proprotion of tests positive for
endemic coronavirus, RSV, influenza A or influenza B in reporting
Canadian laboratories by epidemiological week. Co-circulation
of multiple viruses between late-December and early March
produced an extented period where more than 40% of samples
were positive for at least one respiratory virus, suggesting a
substantial burden of respiratory viral disease during this period.
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Figure 5: The 10-year average activity of parainfluenza
virus, rhinovirus/enterovirus and endemic coronaviruses
by epidemiological week
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Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)

Figure 6: The 10-year averageof the proprotion of tests
positive for endemic coronavirus, respiratory syncytial
virus, influenza A or influenza B in reporting Canadian
laboratories by epidemiological week
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Note: Peak activity of these viruses, with >40% of tests positive for at least one of the viruses
occurs between early January and early March

Data from Public Health Agency of Canada Open Data (https://open.canada.ca/en/open-data)
and FluWatch (https://www.canada.ca/en/public-health/services/diseases/flu-influenza/influenza-
surveillance.html)

Discussion

Circulating endemic coronaviruses (NL63, 229E, HKU1 and
OC43) have established a seasonal pattern of late-winter peak
activity in Canada. While the laboratory assays used for these
data did not discriminate between coronavirus species, and the
seasonality described here represented a composite season for
the four endemic coronaviruses, these data clearly demonstrate
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that the overall pattern of the four endemic coronaviruses
together show seasonality of circulation. Our data suggest that
substantial overlap between clinically important respiratory
viruses would be expected to occur if SARS-CoV-2 established a
seasonal pattern similar to the existing endemic coronaviruses.
For influenza A, the peak percent-positive occurred in

week 52 (end of December), approximately five weeks before
coronaviruses. A distinguishing feature of influenza A is the
explosive nature of the early part of the epidemic, with an onset-
to-peak time of approximately eight weeks. This contrasts with
the slow increase in coronavirus detections; taking 14 weeks from
onset to peak. This is partly explained by the shorter incubation
period of influenza A; however, the percent-positive influenza

A detections declined relatively slowly, and the influenza A
season was not typically over until week 20 (early May). Thus,
considerable overlap between the annual influenza A epidemic
and coronavirus seasonal epidemics would be expected due to
this trailing decline in influenza A cases. Likewise, while the peak
of influenza B activity occurred later than seasonal coronavirus
activity, substantial overlap is expected and the known burden of
disease of influenza B in the elderly is likely to be compounded
by co-circulation of SARS-CoV-2. While SARS-CoV-2 may be
clinically less relevant in the paediatric population, co-circulation
of RSV and SARS-CoV-2 could significantly impact paediatric
healthcare workers and adults caring for children with COVID-19.
The need to isolate hospitalized children with RSV bronchiolitis
as presumed cases of COVID-19 pending diagnostic testing
could also strain infection control measures.

If, as we hypothesize, SARS-CoV-2 eventually establishes a
seasonal pattern similar to currently endemic coronaviruses,
then planning for this added burden to the respiratory season is
necessary, particularly because the coronavirus season overlaps
with the influenza and RSV seasons. The most concerning
implication of SARS-CoV-2 establishing seasonality similar to
other coronaviruses is the additional burden expected on a
healthcare system already strained by common viral respiratory
tract infections. This strain may be seen as shortages of regular
hospital beds, isolation and critical care beds, staff (in part

due to staff absenteeism due to illness), drugs and more. In
addition, staffing, laboratory resources and reagent supply chains
may be taxed by increased testing, with resulting increased
turnaround time or test service disruptions. These stresses may
ultimately result in delayed or missed diagnosis of COVID-19
and other respiratory illnesses leading to clinicians being less
comfortable making a clinical diagnosis when COVID-19 is in
the differential diagnosis. If SARS-CoV-2 adopts a seasonal
pattern similar to other coronaviruses, co-circulation of RSV,
influenza A, influenza B and SARS-CoV-2 may be considerable
between January and March, leading to a significant burden of
respiratory disease during this period. Historically, before the
emergence of SARS-CoV-2, more than 40% of samples tested in
Canadian laboratories were already positive for RSV, influenza A,
influenza B or seasonal coronaviruses between early January and
early March (Figure 6), revealing a pre-existing and significant
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burden of disease. The addition of SARS-CoV-2 to the endemic
coronavirus seasonal pattern would likely increase the respiratory
virus disease burden during this period.

Within a specific healthcare geographical area, a seasonal
SARS-CoV-2 may peak at the same time as RSV, resulting in
considerable burden of disease in the paediatric care settings.
While the majority of cases of both these illnesses are relatively
mild in paediatric patients, one could nevertheless anticipate
increased strain on paediatric health care facilities resulting
from the small proportion of more severe cases and possibility
of increased severity as a co-infection, including increased
presentations for bronchiolitis and viral pneumonia (6,7).

The potential co-occurrence of influenza A, influenza B and
SARS-CoV-2 is potentially devastating to the older population,
who often have comorbidities that are disproportionately
affected by all of three of these illnesses. The mitigation of the
impact of seasonal SARS-CoV-2 epidemiology should therefore
be a priority for long-term care and assisted living facilities.

Lastly, the co-circulation of multiple viruses during this period

of time would be expected to cause significant absenteeism in
young and middle-aged adults, given possible requirements for
isolation and testing of patients to exclude SARS-CoV-2 infection
from workplaces and schools.

Another potential implication of SARS-CoV-2 adopting a
seasonal pattern is the need for an appropriate diagnostic

test utilization and streamlining strategy. Use of single target
(simplex) nucleic acid tests are inefficient in terms of regent and
labour utilization in laboratories. For this reason, multiplexed
tests that target co-circulating pathogens should be developed
so that clinicians can accurately differentiate symptomatic
patients in order to implement appropriate therapy and institute
appropriate infection or disease control measures. Given the
possibility of co-occurring seasonal epidemics, priority should
be given to development of multiplex assays for influenza A,
influenza B, RSV and SARS-CoV-2 to simplify testing and to
reduce labour and material costs. The benefit of additional
multiplexing (rhinovirus, parainfluenza virus) is more questionable
given the added cost and the relatively low activity of these
viruses during peak influenza, RSV and coronavirus activities.
Furthermore, influenza, RSV and SARS-CoV-2 are all priority
pathogens that have a greater healthcare impact and benefit
from diagnosis and differentiation in the healthcare settings for
therapeutic (e.g. oseltamivir for influenza) and infection control
purposes (isolation). Parainfluenza, rhinovirus and enterovirus
are low priority pathogens due to limited virulence and limited
burden to healthcare. Despite the efficiencies associated with
multiplexing nucleic acid amplification assays, there is likely

still a role for SARS-CoV-2 simplex assay in the evaluation and
tracing of asymptomatic individuals and contacts of COVID-19
cases directed by public health authorities, where detection of
influenza and RSV are of no benefit.



Limitations

While comprehensive, these data have several limitations. They
do not take into account differences in testing algorithms or
populations for these respiratory viruses that will vary from
province to province, season to season and year to year. The
number of tests performed is not uniform across the population
of Canada, with some provinces or territories over-represented
by a higher rate of testing and others under-represented.
Because of these limitations, positive proportion of tests

rather than absolute case counts should primarily be used as
an indicator of seasonality. However, given the uniformity of
the findings and consistency with other published reports, this
limitation is unlikely to affect the interpretation of respiratory
virus seasonality data. Another limitation is that we cannot with
any certainty predict if and when SARS-CoV-2 will establish a
seasonal pattern of infection. We hypothesize this will occur
due to comparable biology of the viruses, effective person-
to-person transmission, significant host susceptibility and
global prevalence. These factors may, however, be dramatically
altered by human interventions such as public health measures,
vaccinations and, eventually, treatment. It is also impossible to
determine if and how SARS-CoV-2 virulence will change over
time. Currently, unlike influenza, endemic coronaviruses have
minimal impact on disease burden in hospitals and healthcare
settings due to limited virulence. Our assumptions on additional
burden with co-circulation of influenza and RSV assume that
SARS-CoV-2 maintains relatively high virulence compared with
the currently endemic coronaviruses.

Conclusion

Like SARS-CoV-2, endemic coronaviruses that infect humans
have common zoonotic origins and have established seasonal
epidemic patterns in human populations that coincide with
influenza A, influenza B and RSV. While it remains unclear if
SARS-CoV-2 will establish a similar seasonal pattern, the virus
is clearly established in the human population and eventual
seasonality should be assumed to be a strong possibility
given the well-established pattern of seasonality in commonly
circulating endemic coronaviruses. Preparation for seasonal
outbreaks of SARS-CoV-2 and other respiratory viruses could
include appropriate staff and bed management in healthcare
facilities and other essential services as well as anticipation

of increased absenteeism in all workplaces, particularly in the
first three months of the calendar year. Within laboratories,
development of combined tests and associated protocols for
commonly co-circulating viruses should be prioritized to optimize
the efficiency of diagnostic and surveillance testing.
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