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a b s t r a c t
Throughout the COVID-19 pandemic, many have worried that the additional burden of seasonal influenza
would create a devastating scenario, resulting in overwhelmed healthcare capacities and further loss of
life. However, many were pleasantly surprised: the 2020 Southern Hemisphere and 2020–2021 Northern
Hemisphere influenza seasons were entirely suppressed. The potential causes and impacts of this drastic
public health shift are highly uncertain, but provide lessons about future control of respiratory diseases,
especially for the upcoming influenza season.
Ó 2021 Elsevier Ltd. All rights reserved.

The COVID-19 pandemic has altered almost every aspect of
public health since its global spread in early 2020. One such consequence of COVID-19 has been altered circulation of other respiratory pathogens, like influenza. Seasonal influenza causes 3–5
million cases of severe illness and kills 260,000–650,000 people
globally each year [44]. The added strain of even a mild influenza
season to a healthcare system already pushed beyond its limits
by the COVID-19 pandemic was a devastating prospect that worried many. Fortunately, influenza cases were unprecedentedly
low in the 2020 influenza season in the Southern Hemisphere
and in the 2020–2021 influenza season in the Northern Hemisphere [26,34,39,40]. The lack of additional healthcare burden
due to influenza left healthcare capacity to be focused towards
the continued surge of COVID-19, likely preserving many lives.
With some distance now from the last influenza season, we must
heed the many lessons learned and relearned about influenza
dynamics and control over the last year so we can be better prepared for future influenza outbreaks.
At the outset of the COVID-19 pandemic in early 2020, the
Northern Hemisphere 2019–2020 influenza season was still in full
force in the US, but rapidly declined during March 2020. Some have
proposed that the pandemic and the ensuing nonpharmaceutical
interventions led to this decrease in influenza transmission [34].
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While this is a possible explanation, behavioral data now available
for the first months of 2020 show little change from baseline during this period (Figure S2). Instead, unusual viral dynamics could
explain the early and rapid decline of the 2019–2020 flu season,
in which unusually high and early flu B circulation was followed
by a wave of flu A circulation [4]. This sits in contrast to the routine
pattern of initial influenza A circulation followed by low flu B circulation which brings a gradual end to most flu seasons (Figure S3).
In fact, we find that if the influenza A wave is considered
independently and controlled for changes in healthcare-seeking,
the US 2019–2020 flu season did not deviate significantly from
expectations after the declaration of the COVID-19 emergency
(Figure S1).
While the Northern Hemisphere 2019–2020 influenza season
may not have been affected by the COVID-19 pandemic, for the
influenza season starting in 2020, countries in the Southern Hemisphere, which typically experience their influenza season in MayOctober, reported drastically reduced influenza circulation [34].
The Northern Hemisphere has also remarkably experienced almost
no influenza during the typical timing of the 2020–2021 season,
with the US and EU reporting only 0.15–0.2% of samples as positive
for flu (compared to around 18–23% in 2019–2020) [8,17]. As a
comparative case study, we can consider the US, France, Australia:
3 countries that are socially similar, have high data availability and
experience similar influenza seasons by hemisphere [12]. All three
settings suppressed the influenza season in 2020–2021, and a
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Each of the case study countries- the US, France, and Australiaexhibited no influenza season, but implemented different nonpharmaceutical interventions with varying levels of adherence.
Reported variations partly stem from differences in strategic policies adopted to control the COVID-19 pandemic, aiming towards
SARS-CoV-2 elimination (Australia) vs. mitigation (the US, France)
[33]. Additionally, for all three interventions (restrictions on mobility, school closure, mask use), uptake were also spatially heterogeneous (Fig. 1D-F), driven by variation in policy strength and policy
response [20,42]. This scenario presents an opportunity to better
understand the relative effects of individual interventions and
the role of layering multiple partially-efficacious interventions to
suppress influenza and other respiratory diseases. It will be crucial
for such studies to be conducted at a fine spatial scale to capture
spatial heterogeneities in infection dynamics as well as variation
in human behavior [27,31], and simultaneously to consider global
dynamics to capture the shift in viral circulation and lack of viral
introductions normally mediated by human mobility.
As we all breathe a collective sigh of relief for the dodged influenza season, it’s important to look ahead beyond this temporary
respite. Given the lower transmission potential of influenza and
significant population immunity from past infections or vaccination, we know that less collective action is necessary to stop flu
transmission than COVID-19. The pandemic has demonstrated
the effectiveness of several policies and social norms that should
be sustained to continue to reduce influenza and other respiratory
infections. Universal paid sick leave, particularly in the US, should
be a focus for policy; facilitating infected individuals to remain
home is shown to reduce future respiratory-disease transmission
[36,43,46]. Additionally, during the pandemic, many workplaces
have created structures that allow for remote work for nonessential jobs and flexible work schedules; maintaining this flexibility could be a means to reduce overall contact and thus reduce
transmission during influenza season. The pandemic has improved
acceptance of mask-wearing, increased understanding of the
importance of vaccination, and increased awareness and adherence to protective behaviors which could be leveraged for disease
control efforts in the future. On the other hand, the sustained
behavioral changes during the pandemic or recent COVID-19 vaccination may increase apathy towards social distancing measures,
fear of social stigma against mask-wearing, or hesitancy towards
vaccination for influenza [41]. While some hygienic behaviors recommended during the 2009 H1N1 influenza pandemic remained
as a residual effect once the pandemic was over, overall adoption
of preventive measures sharply declined during the first postpandemic seasonal influenza [19], and a similar effect was
observed after the SARS outbreak in 2003 [28].
Beyond behavioral intervention, we must remain vigilant given
the significant perturbation to influenza viral dynamics and host
ecology. As COVID-19 cases become suppressed through vaccination and behavioral interventions are lifted, the risk of other respiratory infections will be restored. Indeed, an uptick in cases of
respiratory syncytial virus has already been observed in the US
[9]. The lack of natural immunity during the last influenza season
also means a shift in the immune landscape and a buildup of susceptible individuals, with potential consequences for the timing
and severity of future outbreaks [1]. Complicating matters further,
influenza vaccine strains are typically based on viral surveillance
from past influenza circulation in both hemispheres. A lack of
influenza circulation last season will reduce our confidence in the
strains that are likely to circulate next season, potentially resulting
in strain mismatch between the vaccine and circulating strains
[45]. Despite these challenges in vaccine composition which may
result in a low efficacy influenza vaccine, encouraging widespread
vaccine uptake in fall 2021 will be our best bet to reduce both
influenza disease burden and antigenic evolution [25,47]. In gen-

number of explanations may be behind this. One potential explanation for this pattern is viral competition between SARS-CoV-2
and influenza. This competition could occur through multiple
mechanisms, such as immune interactions, viral competition and
a reduced susceptible pool due to isolation [32,38].
Another potential explanation for the decrease in the 2020
influenza burden is increased influenza vaccination. In order to
respond to the pandemic, many countries increased and accelerated the distribution of influenza vaccine doses: a 36% increase
in Australia, a 13% increase in France, and an 11% increase in the
United States [7,23]. However, this increase in distributed doses
may not have necessarily translated to an increase in vaccine coverage. In France and other European countries, exceptionally high
demand in the early phase of the flu vaccination campaign reportedly led to shortages of vaccine doses [5,37]. Social distancing measures in the US and Europe at the start of the winter wave may
have disrupted access to routine vaccination settings such as primary care providers, workplaces and schools, or increased demand
due to disease awareness may have limited the protection of vulnerable groups. Even if high vaccine coverage was achieved on
average, stark heterogeneities exist spatially, by age group (e.g.
the US state of Iowa estimates a 20 percent decline in flu vaccination in the 65 + age group [24]), and by race and ethnicity (e.g. it is
estimated that flu vaccination coverage among Black, non-Hispanic
children in the US decreased 8 percentage points from the previous
year [10]). This heterogeneous patchwork of influenza vaccine protection makes populations vulnerable and will further exacerbate
existing health disparities amplified by the COVID-19 pandemic
[2,46].
While viral competition and increased vaccination may have
contributed, we propose that the most influential process in suppressing the influenza epidemic of 2020–2021 were the significant
behavioral interventions in place due to the COVID-19 pandemic.
Nonpharmaceutical interventions such as closures of schools and
non-essential businesses, telework, restriction on gathering size,
and mask-wearing have been key public health tools for limiting
the impact of the COVID-19 pandemic [16,22]. Given the shared
transmission route between SARS-CoV-2 and influenza, the same
protective behaviors could greatly limit influenza transmission
[11,13,40]. In fact, far less mitigation effort is required to control
a disease with a lower R0, or a less transmissible disease, like flu
(R0 = 1–2), compared with a disease with a higher R0, like
COVID-19 (R0 = 2–5) [3,35]. Many non-pharmaceutical interventions, like stay-at-home orders and remote work guidelines, reduce
mobility and contact, diminishing transmission potential. Both
Australia and France had stringent social distancing policies in
place at the typical start of their influenza seasons, resulting in
drastic reductions in mobility (Fig. 1A). The US, however, showed
mobility levels that were close to a pre-pandemic baseline at the
start of the influenza season. Similarly, pandemic-related school
closures may have affected influenza transmission. Since schoolaged children are of particular importance for influenza transmission, school closures are thought to have significant impact on
influenza dynamics by reducing contacts of children and homogenizing mixing across age groups [6,14,18,29]. The US had widespread school closures and distance learning throughout the
2020–2021 influenza season (Fig. 1B). Conversely, France and Australia did not: some areas of Australia implemented distance learning in April, but resumed in-person schooling prior to the typical
start of the influenza season [30], and France also maintained inperson schooling during the entire influenza season. Another measure that many have taken to reduce the spread of COVID-19 that
impacts all respiratory-transmitted viruses is mask-wearing.
Mask-wearing data shows that both the US and France had high
uptake of mask-wearing during the start of their influenza seasons,
however, Australia had much lower levels (Fig. 1C).
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Fig. 1. Australia (green), France (orange), and the US (blue) implemented different behavioral interventions with different levels of adherence during the timeframe of their
typical influenza seasons. A) Mobility data collected by Google, based on Google application-based location services that shows how location visits differ compared to a prepandemic baseline [21], demonstrates that Australia and France had a high percent reduction in mobility to retail and recreation locations, compared to the baseline, while
the US showed a more modest reduction in the same mobility, during April-June 2020 for Australia and November- mid-December 2020 for France and the US, capturing the
start of their respective influenza seasons. B) A social media survey of Facebook users across over 200 countries starting in 2020 demonstrated that approximately half of US
respondents with school-aged children were participating in no in-person schooling from November 1-mid-December 2020 [15]. Australia and France did not have
widespread school closures at the start of their influenza seasons. C) The Facebook survey also demonstrated that France and the US had high levels of mask-wearing during
November 1-mid-December 2020. Australia had much lower mask-wearing uptake at the start of the influenza season in April-June 2020. Adherence to protective behaviors
was spatially heterogeneous across the US as measured by (D) Google mobility data showing the percent reduction in mobility to retail and recreation locations from
November-mid-December 2020; (E) the Facebook survey data showing that reports of no in-person schooling; and (F) the Facebook data showing reports of wearing a mask
‘‘always” or ‘‘most of the time”. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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eral, the influenza virus promises unpredictability over all else in
the transformed post-pandemic viral landscape and we must be
prepared.
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