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Abstract

Background: The first coronavirus disease 2019 (COVID-19) case was reported in Canada on 
January 25, 2020. In response to the imminent outbreak, many provincial and territorial health 
authorities implemented nonpharmaceutical public health measures to curb the spread of 
disease. “Social distancing” measures included restrictions on group gatherings; cancellation of 
sports, cultural and religious events and gatherings; recommended physical distancing between 
people; school and daycare closures; reductions in non-essential services; and closures of 
businesses.

Objectives: To evaluate the impact of the combined nonpharmaceutical interventions 
imposed in March 2020 on influenza A and B epidemiology by comparing national laboratory 
surveillance data from the intervention period with 9-year historical influenza season control 
data.

Methods: We obtained epidemiologic data on laboratory influenza A and B detections and test 
volumes from the Canadian national influenza surveillance system for the epidemiologic period 
December 29, 2019 (epidemiologic week 1) through May 2, 2020 (epidemiologic week 18). 
COVID-19-related social distancing measures were implemented in Canada from epidemiologic 
week 10 of this period. We compared influenza A and B laboratory detections and test volumes 
and trends in detection during the 2019–20 influenza season with those of the previous nine 
influenza seasons for evidence of changes in epidemiologic trends.

Results: While influenza detections the week prior to the implementation of social distancing 
measures did not differ statistically from the previous nine seasons, a steep decline in positivity 
occurred between epidemiologic weeks 10 and 14 (March 8–April 4, 2020). Both the percent 
positive on week 14 (p≤0.001) and rate of decline between weeks 10 and 14 (p=0.003) were 
significantly different from mean historical data.

Conclusion: The data show a dramatic decrease in influenza A and B laboratory detections 
concurrent with social distancing measures and nonpharmaceutical interventions in Canada. The 
impact of these measures on influenza transmission may be generalizable to other respiratory 
viral illnesses during the study period, including COVID-19.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been 
recognized as a public health crisis. As the number of cases has 
increased in Canada and abroad, governments have imposed 

measures to reduce transmission of severe acute respiratory 
coronavirus 2 (SARS-CoV-2). Among these have been massive 
public health campaigns, invocation of public health emergencies 
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and the enactment of laws under emergency measures 
legislation to reduce person-to-person transmission.

Such broad nonpharmaceutical interventions have not been 
applied on a universal scale since the advent of modern 
laboratory surveillance, and while these actions are supported 
by epidemiologic theory, approaches combining multiple 
nonpharmaceutical control measures have not been rigorously 
attempted beyond a relatively limited scale.

Evidence from similar smaller-scale or regional interventions (e.g. 
school closures, travel restrictions, business closures) has shown 
only slight effects on interrupting respiratory virus epidemics 
(e.g. influenza) (1,2). In addition, recent meta-analyses suggest 
a modest benefit of physical measures like hand washing on 
community transmission of influenza (3). Since these physical 
measures have been strongly encouraged along with restrictions 
on social interactions and gatherings, there may be an additive 
effect on community transmission. A number of studies have 
shown that similar interventions have been effective for control 
of COVID-19 (4,5). To demonstrate the benefit gained versus the 
enormous social and financial cost of universal social distancing 
measures, it is critical that we confirm the effectiveness of these 
measures on the transmission of respiratory viral infections. 
Because of the short incubation period of influenza viruses (mean 
0.6–1.4 days) (6) compared to SARS-CoV-2 (mean 5.2 days, 95% 
confidence intervals [CI]: 4.1–7.0 days) (7), the impact of such 
measures should be evident within two to three weeks of their 
implementation. The effect of the measures could be detected 
using existing surveillance systems for influenza.

We analyzed laboratory surveillance data for evidence of 
changes in influenza transmission with voluntary “social 
distancing” measures that began in Canada along with public 
health messaging in early March 2020. These voluntary measures 
were followed by more aggressive public health measures as 
of March 12, 2020 (i.e. school closures, closure of non-essential 
businesses and strict border controls).

Background

Provincial and territorial health authorities implemented 
social distancing measures gradually, starting in early March 
(epidemiologic week 10). The measures included physical 
distancing between individuals, restrictions on group gatherings, 
cancellation of sporting and arts events, closures of businesses 
and recreational areas where people congregate, country-wide 
school and daycare closures, cancellation of religious events, and 
efforts to dramatically reduce the active “on-site” workforce by 
encouraging employees to work from home. In general, these 
interventions were in keeping with recommendations outlined 
in Canada’s pandemic plans, Canadian Pandemic Influenza 
Preparedness: Planning Guidance for the Health Sector (8).

In the first days of March, media announcements and public 
health messaging recommended physical distancing between 
individuals, avoiding gatherings and reinforcing cough 
etiquette. Within two weeks, these recommendations were 
legally reinforced. Québec was the first province to declare 
a public health emergency through their Public Health Act 
on March 13, 2020 (9). By March 18, 2020, over 90% of the 
Canadian population was legally directed under various 
emergency acts to engage in strict measures to prevent the 
spread of COVID-19. By March 22, 2020, all Canadian provinces 
and territories were under various forms of public health 
emergency legislation (9).

Across Canada, by the third week of March, all personal, 
community and travel restrictions were in place to varying 
degrees of enforcement under public health regulations 
recommended by the Public Health Agency of Canada (PHAC, 
or the Agency). This was the first time in the history of modern 
influenza surveillance that all the recommended social distancing 
measures in pandemic preparedness planning guidance were 
implemented simultaneously across the entire country. In 
addition, health authorities dramatically increased messaging to 
do with physical interventions (hand washing and use of personal 
protective equipment), resulting in increased utilization of these 
interventions during this period. The use of face masks was 
neither recommended nor imposed during this period.

We hypothesized that these collective interventions would have 
an impact on laboratory detections of influenza, heralding a 
potential effect on other respiratory viral infections including 
COVID-19.

Methods

National influenza surveillance is coordinated by PHAC. The 
Agency’s influenza surveillance program receives data on several 
indicators of influenza activity from a network of labs, hospitals, 
doctor’s offices, members of the public, and provincial and 
territorial ministries of health on a weekly basis (10). Sentinel 
public health and hospital laboratories provide PHAC with 
weekly summaries of influenza test results and test volumes, 
and the Agency collates the data and provides the public with 
updates. Data have been continuously collected since 1993, and 
long-term analysis of seasonal trends is made possible both by 
the continuity of laboratory data and absence of any influenza 
pandemics since 2009.

We analyzed the post-2009 trends using national data to 
determine if any changes in trends in influenza A and B 
epidemiology during the 2020 season could be attributed to 
social distancing. Only one sentinel laboratory has been added 
to those providing surveillance data over the previous 10 
seasons: St. Joseph’s Healthcare in Hamilton, Ontario, during 
the 2019–20 influenza season. While this laboratory contributed 
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7.8% of the 2019–20 surveillance sample numbers in this study, 
analysis excluding the data from St. Joseph’s did not appreciably 
change the results.

The sentinel laboratories provide limited information on testing 
modality or demographics. While most laboratories perform 
nucleic acid amplification testing (NAAT) for influenza viruses, 
data from both cell culture and NAAT are accepted.

Laboratories provide limited demographic information and no 
clinical information on positive cases and no information on 
negative cases. The limited demographic information was not 
accessed as part of this study.

The study population included all influenza tests conducted 
at sentinel laboratories in Canada during the study period of 
2011–20. During the control period of 2011–19, there were no 
universal control interventions for respiratory viral infections 
based on social distancing.

For the purpose of this analysis, we defined a case as any 
laboratory-confirmed positive test for either influenza A or B 
reported to the Agency. Weekly influenza-positive percentage 
was defined as the number of cases reported over the total 
number of tests performed for the epidemiologic week under 
surveillance, expressed as a percentage.

The control period included the 2011 through 2019 influenza 
seasons. To account for seasonal variations in influenza season 
onset and duration, we aligned the peak epidemic activity weeks 
for each control season, defined as the week with the highest 
proportion of influenza-positive laboratory detections. Our 
analysis included the portion of the 2019–20 influenza season 
from December 29, 2019 (epidemiologic week 1) through 
May 2, 2020 (epidemiologic week 18). The intervention period is 
defined as weeks 10 through 18 of 2020.

We retrieved data on laboratory detections of influenza A and 
B and test volumes for the past 10 years from the Canadian 
Open Data website (10), maintained by the Government of 
Canada Open Data website, and FluWatch reports (11) for the 
study period. These datasets come 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, but data from 2020 were 
collected in real-time and minor reporting delays from provinces 
could have occurred. Data from the most current three weeks is 
occasionally adjusted as updated information is received in the 
subsequent weeks. At the time of this publication, all data up to 
epidemiologic week 18 were considered final.

Data from the control period were expressed as weekly 
influenza-positive percentage by week pre or post-peak activity. 
We determined mean influenza-positive percentage and 

standard deviations for each week, and the z score and p value 
for each of the weekly influenza-positive percentages during 
the 2020 surveillance period compared to the peak-aligned 
control season means. Using least squares linear regression 
analysis, we compared the slope of influenza-positive 
percentage by epidemiologic week from the first 4 weeks of 
the 2020 intervention period (epidemiologic weeks 10–13, 
post-peak weeks 5–8) to the slope in the equivalent portion 
of the control seasons using a Student t test with pooled 
variance. We determined descriptive statistics and z scores and 
corresponding p values using Microsoft Excel 2010 (Redmond, 
Washington, United States) and performed linear regression 
analysis using JMP statistical analysis software (SAS Institute Inc., 
Cary, North Carolina, United States).

Results

Positive influenza tests were reported by week of the laboratory 
report. Data were complete for all epidemiologic weeks between 
2011 and 2019, with no omissions. Figure 1 shows the mean 
influenza-positive percentage and 95% CI by week, pre and 
post-peak. Observed values for the corresponding weeks in 
2020 are overlaid on the control period values. Table 1 shows 
the p values for the percent positive influenza tests for weeks 
10 through 18 of the 2019–20 influenza season compared to 
historical values. The data demonstrate an unexpected decline 
in influenza-positive percentage starting in epidemiologic week 
10, corresponding to March 1 through March 7, compared to the 
control period. By early April (week 14, post-peak week 9), there 
was a marked difference between 2020 percent positive (0.75%) 
and control period mean percent positive (13.97%, p≤0.001). 
Between epidemiologic weeks 10 and 13 of the 2020 season, the 
mean absolute rate of decline in percent positive was 4.41% per

Figure 1: Mean influenza-positive percent for peak-
aligned control period (2011–19) and influenza-positive 
percent for the 2020 study period by pre and post-peak 
week and 2020 epidemiologic week
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Table 1: Influenza tests and positive detections at sentinel laboratories in Canada for epidemiologic weeks 10 
through 14 of the 2019–20 season

Week 
number Week dates Influenza A 

positive
Influenza B 

positive

Total 
influenza 
positive

Total 
influenza 

tests 
(2020)

Mean 
influenza 

tests 
(control 
period)

% 
influenza 
positivea

Relative 
decline 

from prior 
week

p value 
(versus 
peak-

aligned 
control 
period)b

10 March 1–7 2,412 1,151 3,563 17,686 7,709 20.16 N/A 0.436

11 March 8–14 2,326 1,016 3,342 23,787 7,242 14.05 30.3 0.058

12 March 15–21 1,141 594 1,735 23,566 6,658 7.35 47.7 0.004

13 March 22–28 273 266 539 21,299 6,043 2.51 65.9 ≤0.001

14 March 29–
April 4 68 88 156 20,760 5,857 0.75 70.1 ≤0.001

15 April 5–11 21 18 39 16,699 5,460 0.23 69.4 ≤0.001

16 April 12–18 4 11 15 16,758 4,793 0.09 60.9 0.012

17 April 19–25 6 14 20 15,967 4,489 0.13 N/Ac 0.043

18 April 26–May 
2 4 9 13 11,514 4,016 0.11 N/Ac 0.058

Abbreviation: N/A, not applicable
a Percentage reduction in influenza-positive percent compared to week 10
b p value of the influenza-positive percent for each week compared to the same weeks during the control period (2011–19)
c No further decline after week 16

week, compared to 1.58% per week for the peak-aligned control 
period. Linear regression analysis of the slopes during this 
period showed the downward slope of the 2020 season to differ 
statistically significantly compared to the linear regression slope 
of the 2011–19 seasons (p≤0.001).

Discussion

The national epidemic curve of influenza in Canada, as described 
by influenza-positive percent, follows a predictable pattern of 
increasing percentage of positive tests into the winter months, 
peaking around the end of December or early January, and a 
subsequent slow decline into the inter-epidemic period. At the 
beginning of the intervention period, the mean influenza-positive 
percentage for the 2011–19 seasons was 20.69%. By week 14, 
this mean influenza-positive percentage had declined to 15.61%.

The 2020 influenza epidemic shows comparable values in 
week 1 through 10 (see Figure 1), with a steep decline in 
influenza-positive percentage by week 14. Linear regression 
also indicates that the rate of decline during the intervention 
period was statistically unlikely to occur at this point of an 
influenza epidemic based on nine years of historical data. This 
decline was evident by week 11, shortly after increasing federal 
and provincial/territorial and local messaging around social 
distancing. The weekly relative rate of decline incrementally 
increased between weeks 11 and 14, suggesting that the 
escalation in social distancing measures was having a sustained 
or increasing impact on influenza transmission. Because the 
incubation periods of influenza A (1.4 days; 95% CI: 1.3–1.5) and 
B (0.6 days; 95% CI: 0.5–0.6) are relatively short (6), such rapid 

rates of decline would be predicted if these interventions were 
effective at reducing the apparent reproductive number of these 
illnesses.

While it is not possible to identify precisely when modifications 
in behaviours leading to reduced transmission occurred, this 
decline in transmission appears to have occurred prior to 
declarations of public health emergencies and shortly after the 
increased public health messaging around social distancing 
and barrier interventions. While legislation of social/physical 
distancing through the public health or emergency measures 
acts in mid-March likely reinforced these behaviours, the decline 
in influenza transmission prior to these would suggest that the 
voluntary social/physical distancing practices recommended in 
early March may have affected influenza transmission.

Several other studies, primarily from Asian countries, have 
reported an effect of nonpharmaceutical public health measures, 
including a broad range of interventions and behavioural 
changes, on influenza epidemiology (12–17). In previous reviews 
of nonpharmaceutical interventions for influenza control, reactive 
school closures (as those in Canada in response to the COVID-19 
pandemic) reportedly decreased influenza transmission by 7% 
to 15% (2,18). Broad working-from-home approaches have 
been shown to reduce transmission by 20%–30%, while travel 
restrictions (>50%) may delay influenza peak transmission (2).

Limitations
The most significant limitation of this observational study is that 
we cannot definitively confirm that the decline in proportion 
of influenza-positive samples was caused by the intervention. 
Nevertheless, several observations support an element of 
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causality based on Bradford–Hill criteria (19): the observed 
effect of the social distancing period is very strongly associated 
with declining influenza positivity; the effect was consistent 
across all provinces and territories (data not shown); the effect 
is temporarily associated with the intervention, which started 
with voluntary distancing in early March; there is a plausible 
mechanism for causality (interruption of person-to-person 
transmission); and there are analogous observations of such 
dramatic declines in infectious diseases with other effective 
population-level interventions, for example, vaccination, as 
well as reports of smaller-scale social distancing interventions 
resulting in less dramatic reductions in influenza transmission in 
the studied population (2).

Although we recognize that the complexities of public health 
interventions do not lend themselves to use of the Bradford–Hill 
criteria as effectively as specific exposures (19), the evidence is 
strong that the interventions had an effect on the proportion of 
influenza-positive samples. It is also impossible to ascertain the 
relative effect of each intervention. While our data reveal the net 
impact of the period in which nonpharmaceutical interventions 
were imposed, they cannot identify whether social distancing 
was exclusively responsible or if co-occurring interventions such 
as enhanced physical methods (hand washing and masking) or 
concurrent pharmaceutical interventions (e.g. oseltamivir use, 
vaccination) played a role in the decline. Nevertheless, the 
collective impact of these measures was significant.

Alternative explanations for the decline in influenza test positivity 
are possible if unlikely. One example is change in surveillance 
input, such as testing individuals with a wider variety of clinical 
presentations, as well as a testing a more diverse patient 
population than usually represented in influenza surveillance 
data, including those for whom testing for influenza was directly 
or indirectly influenced by clinical suspicion of COVID-19. In 
addition, population behaviours such as healthcare avoidance 
as COVID-19 circulation in Canada increased might produce 
similar effects. However, all of these effects are unlikely to have 
resulted in the abrupt decline in influenza detections. An increase 
in testing volume due to over-testing individuals with mild clinical 
symptoms or those not typically represented in influenza data 
should have resulted in a similar or slightly increased absolute 
number of influenza cases with a decline in the percent positive 
due to over-representation of samples from asymptomatic 
individuals. However, the data during the intervention period 
clearly show a steep decline in the absolute number of influenza 
cases as well as percent-positive samples (Table 1). Likewise, 
reduced healthcare-seeking behaviours during the intervention 
period cannot explain the findings as the volume of influenza 
testing sharply increased from baseline (Table 1) during the 
intervention period, likely in response to population and public 
health concerns to do with the COVID-19 pandemic.

Lastly, a reduction in absolute influenza detections might have 
been expected if testing was restricted to more severely ill 
patients during the intervention period. However, this should 
have resulted in an increase in the percent positive, not a 
decrease, adding further support to the likelihood that the 
control measures did result in decreased transmission.

We conclude, based on the observed trend in the percentage 
of influenza-positive samples, that the dramatic decline was a 
result of the population-level interventions collectively referred 
to as social distancing. However, our data does not allow us 
to conclude that co-occurring pharmaceutical interventions 
(e.g. increased usage oseltamivir and vaccination) and physical, 
nonpharmaceutical interventions (hand washing, use of personal 
protective equipment and masks) may have added to this effect.

Conclusion
This study contributes to the global evidence by showing that, 
through a combination of multiple voluntary and legislated 
nonpharmaceutical measures, a relative decline of 96.6% in 
influenza transmission (as measured by percent-positive samples) 
was achieved over four weeks. Given the dramatic effect of 
the national-level interventions on influenza positivity, it is clear 
that universal application of multiple social distancing measures 
results in considerable reduction in influenza transmission, 
far greater than those reported for localized and limited 
interventions. Achieving reductions on a national scale is also 
feasible, albeit at great economic and personal cost.

While this observation does not necessarily mean that the 
intervention effects are generalizable to COVID-19, given the 
similar modes of transmission of the influenza and SARS-CoV-2 
viruses, we could expect a similar effect. These findings are also 
consistent with other reports of reduction in transmission of both 
influenza and COVID-19 (12). However, because the incubation 
of SARS-CoV-2 is longer than that of influenza, any impact on 
the epidemic curve of COVID-19 would likely occur over a 
considerably longer period than that observed with influenza. In 
addition, differences in basic reproductive number of seasonal 
influenza (1.19–1.37) (20) and SARS-CoV-2 (2.24–3.58 to 3.8–8.9) 
(21,22) likely mean that a greater intensity of interventions in 
a susceptible population are required to reduce the apparent 
reproduction number to below one.
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