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Summary

Background The COVID-19 pandemic resulted in unprecedented implementation of wide-ranging public health
measures globally. During the pandemic, dramatic decreases in seasonal influenza virus detection have been
reported worldwide. Information on the impact on paediatric influenza-related hospitalisations is limited. We
describe influenza-related hospitalisation in children in Canada following the onset of the COVID-19 pandemic.
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Methods Data on influenza-related hospitalisations, intensive care unit (ICU) admissions and in-hospital deaths in  ps.//doi.org/10.1016/).

children across Canada were obtained from the Canadian Immunisation Monitoring Program, ACTive (IMPACT).  |ana.2021.100132
This national active surveillance initiative comprises 90% of all tertiary care paediatric beds in Canada. The study

period included eleven influenza seasons, from the 2010/2011 season until the 2020/2021 season inclusive. Time

series modelling was used to compare the observed to predicted influenza-related hospitalisations following the

COVID-19 pandemic.

Results Following the COVID-19 pandemic there was a significant decrease in paediatric influenza-related hospital-
isations compared to predicted influenza-related hospitalisations for this time period (p < o®ooo1). No paediatric
influenza-related hospitalisations, ICU admission or deaths were reported for the 2020/2021 influenza season.

Conclusions We show complete absence of paediatric influenza infection-related hospitalisation in a Canadian
National Surveillance Network during the 2020/2021 influenza season. This significant decrease is likely related in
large part to non-pharmacological public health interventions implemented during the COVID-19 pandemic,
although the potential role of viral interference is unknown.

Funding The Canadian Immunisation Monitoring Program, Active (IMPACT) influenza surveillance is a national
surveillance initiative managed by the Canadian Paediatric Society and conducted by the IMPACT network of paedi-
atric investigators on behalf of the Public Health Agency of Canada’s Centre for Immunisation and Respiratory
Infectious Diseases.
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Research in Context

Evidence before this study

We searched PubMed and country-specific public
health communications to identify surveillance and epi-
demiological studies on influenza virus detection during
the COVID-19 pandemic. A number of regional and
national studies were identified worldwide all of which
demonstrated large decreases in circulation of seasonal
influenza viruses during the COVID-19 pandemic. Previ-
ous studies on the impact of non-pharmaceutical inter-
ventions on influenza A and B in Canada included only
data on laboratory detections and surveillance at gen-
eral population level. Studies on the impact of COVID-
19 on influenza-related hospitalisation in the paediatric
population are lacking.

Added value of this study

The Canadian Immunisation Monitoring Program,
ACTive (IMPACT) conducts active surveillance for influ-
enza-related hospitalisations, intensive care unit (ICU)
admissions and in-hospital deaths in children from a
network of paediatric academic centres across Canada.
IMPACT's paediatric hospital-based active surveillance
network provides a rich source of data with rigorous
quality control processes and is an integral part of Cana-
da’s vaccine safety monitoring and disease reporting
surveillance systems. This comprehensive dataset ena-
bles the assessment of the impact of the COVID-19 pan-
demic on seasonal influenza-related hospitalisations
and deaths in children across Canada. This is the first
country-wide study in the Northern hemisphere to
describe the epidemiology and severity of seasonal
influenza virus-related hospitalisation in children during
the 2020/2021 season.

Implications of all the available evidence

The absence of the annual seasonal influenza epidemic
in Canadian children during the 2020/2021 season has
important implications for informing future public
health responses to influenza respiratory virus epidem-
ics and pandemics in children, as well as potential impli-
cations for the forthcoming influenza season.

Introduction

The emergence of the coronavirus disease 2019
(COVID-19) outbreak is an unparalleled global health
event resulting in unprecedented simultaneous imple-
mentation of regional and international public health
measures worldwide." In Canada from March 2020,
multiple measures for COVID-19 mitigation were intro-
duced and comprised travel restrictions; messaging and
mandates regarding handwashing, physical distancing
and facemask use; and, targeted lockdowns, including
stay-at-home orders and school closures.”* School clo-
sures in Canada were implemented in mid-March 2020
and for the majority of jurisdictions, in-person classes

did not resume again until after the summer of 2020,
at which time many regions resumed at least part-time
in-person instruction, particularly for elementary school
children. Ongoing variation in school closures contin-
ued thereafter and some regions, such as Ontario, had
over 20 weeks of school closures between March 14,
2020 and May 15, 2021.*

Seasonal influenza infections in children peak annu-
ally during the winter months, resulting in significant hos-
pitalisation and mortality burden in infants and children.’
Before the 2020/2021 influenza season, significant con-
cerns were raised regarding the potential healthcare uti-
lisation impact of surges in both influenza and COVID-
19-related hospitalisations as well as the possible impact of
co-infections on patient outcomes.® ® Indeed, during the
2019/2020 influenza season, immediately before the
WHO declaration of COVID-19 as a global pandemic,’
the United States Centres for Disease Control and Protec-
tion (CDC) reported the highest number of paediatric
influenza deaths since reporting began in 2004, except
for the HiNt pandemic in 2009."° However, surveillance
data from many countries worldwide have shown signifi-
cant decreases in influenza activity since the onset of the
COVID-19 pandemic during 2020 and 2021. During the
2020/2021 season, the CDC reported the lowest influ-
enza-related hospitalisation rates since reporting began
and similar historic lows in influenza activity were
reported in Australia and New Zealand in the 2020 sea-
son.”" " These data reports did not specifically examine
paediatric hospitalisations and it is known that patterns of
respiratory virus infections differ with age between chil-
dren and adults.”* To date there is limited information
describing the effect of the ongoing pandemic and associ-
ated implementation of public health measures on the
incidence of severe influenza-disease in the paediatric pop-
ulation. We determine the impact of the COVID-19 pan-
demic on influenza-related hospitalisation and mortality
in children in Canada through a comparison of confirmed
paediatric influenza-related hospital admissions, intensive
care unit (ICU) admissions, and deaths during the 2020/
2021 influenza season to the preceding ten influenza sea-
sons.

Methods

Design, setting and data source

This is a prospective active surveillance based observa-
tional study using data on influenza-related hospitalisa-
tions, ICU admissions and in-hospital deaths in
children across Canada. Data were obtained from the
Canadian Immunisation Monitoring Program, ACTive
(IMPACT). This national surveillance initiative has
been collecting influenza data continuously since 2003.
Data is collected from 12 participating Canadian paedi-
atric centres.” The IMPACT study covers 50% of the
paediatric population of Canada based on the catchment
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area of each included centre and as participating centres
are all tertiary referral centres, the study represents
90% of all tertiary care paediatric beds in Canada.
Research ethics and/or hospital approvals for IMPACT
data collection were obtained as previously described."

Information on international and provincial travel
restrictions and public health measures were obtained
from the Government of Canada and Public Health
Agency of Canada.””"®

Participants

The study population included all paediatric cases of
laboratory-confirmed influenza-related hospitalisation
at all IMPACT centres. All participating IMPACT
centres remained the same throughout the entire study
period. Cases were identified via active surveillance con-
ducted by trained nurse monitors with physician sup-
port. Data on case presentation, details of the
hospitalisation, and outcome at discharge were collected
from patient charts and directly from clinical teams as
needed.

Measures/variables

Influenza-related hospitalisation was defined as any
patient aged 16 years or younger admitted to hospital
with laboratory-confirmed wild-type influenza virus
infection (positive tests confirmed as vaccine strain
influenza were excluded). Intensive care admission was
defined as admission to a paediatric intensive care unit
for any period of time during hospital stay and death
was recorded if this occurred during the influenza-
related hospitalisation.

The total study period included eleven influenza
seasons from the 2010/2011 season until the 2020/
2021 season (Ist September 2010 to 30th April 2021
inclusive). This study period was chosen to include
ten full influenza virus seasons before 2020. The
onset of the COVID-19 pandemic was defined as
March 2020 as the World Health Organisation
(WHO) declared a global pandemic in March 2020.°
The “pre-pandemic” period included 1st September
2010 until February 29th 2020 inclusive, and the
“pandemic” period was defined as beginning 1st
March 2020 until 30th April 2021 inclusive.

Statistical methods

Data analysis was performed using GraphPad Prism
9-1-0 (GraphPad Software) and Excel 2016 (Microsoft).
The pre-pandemic period was compared to the pan-
demic period using multiplicative model time series
analysis.” Briefly, 12-month centralised moving aver-
ages were calculated and data decomposed into seasonal
(normalised) and time trend components (trend deter-
mined by regression analysis). Predicted values were
calculated by the multiplication of seasonal and trend
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components. All time points (including influenza sea-
son and inter-season months) during the pre-pandemic
period were included in the time-series analysis to
model the predicted number of admissions for the
entire pandemic period (1st March 2020 to 3oth April
2021 inclusive). The Mann-Whitney test was used to
compare predicted versus actual values for the monthly
number of influenza-related hospitalisations during the
pandemic period. A p-value of <o-05 was regarded as
statistically significant.

For comparison of the number of influenza-related
hospitalisations and ICU admissions during the 2020/
2021 influenza season to previous seasons, the 2020/
2021 influenza season was defined as beginning 1st Sep-
tember 2020 to 3oth April. 2021. To permit direct com-
parison with pre-pandemic seasons we calculated average
influenza-related hospitalisations for the influenza sea-
sons included in the pre-pandemic period. Influenza sea-
sons in the pre-pandemic period were defined as
beginning 1st September until 3oth April the following
year and data from 1st May until 31st August were
excluded from the calculation of these average values.

Role of the funding source

The study funding source did not have any involvement
in study design, data collection, analysis or interpreta-
tion of data; in the writing of the report or in the deci-
sion to submit the paper for publication.

Results

During the pre-pandemic period, the total number of
paediatric influenza-related hospitalisations was 9036,
of which, 8598 (95-2%) occurred between September
and April. In the pandemic period, following the decla-
ration of the COVID-19 pandemic in March 2020, only
three paediatric influenza-related hospitalisations were
reported in April 2020 (Fig. 1a,b). By comparison, 120
paediatric influenza-related hospitalisations occurred in
March 2020 and the average for the month of April in
the preceding pre-pandemic period (2010/2011 to
2019/2020 inclusive) was 92 cases (range 53—2I0)
(Fig. 1¢). In total, 126 paediatric influenza-related
admissions were reported during the entire pandemic
period. This is significantly lower than the predicted
influenza-related hospitalisations for this period which
totalled 2227, (p < 0.0001).

During the 2020/2021 influenza season there were
zero paediatric influenza-related hospitalisations (Fig. 1
a,b,c) which is significantly lower than the predicted
influenza-related hospitalisations for this period
(p < o-oo1). The total number of predicted influenza-
related hospitalisations for September 2020 to April
2021 inclusive was 1638 (Fig. 2).

In total, 1495 paediatric influenza-related ICU
admissions occurred during the pre-pandemic period,
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Figure 2. Time series analysis of influenza-related hospitalisations for children in Canada for the period of 1st September
2010 to 30th April 2021 inclusive. Graph represents the monthly actual (crude) number of influenza-related hospital admissions
and modelled numbers for each season with predicted numbers of admissions for the pandemic period (1st March 2020 to 30th
April 2021 inclusive). (Spearman correlation of model fit, R = 0093).

of which, 1411 (94:4%) were between September and
April. In the pandemic period, a total of 21 influenza-
related ICU admissions were reported, of which 19
occurred in March 2020 (Fig. 1a,b).

The average total number of paediatric influenza-
related ICU admissions during each influenza season
in the pre-pandemic period was 141 (range 59—255)
(Fig. 1d). The average rate of ICU admission per 100
paediatric influenza-related hospitalisations was 15.8
(range from 11.1 to 20.1) for influenza seasons during
the pre-pandemic period. During the 2020/2021 sea-
son, there were zero paediatric influenza-related ICU
admissions.

For the pre-pandemic period, the average number of
paediatric deaths per influenza season was 5-5 (range 1
—9) (Fig. 1a) The average death rate per 1000 paediatric
influenza-related hospitalisations was 6.5 (range 1—11)
for influenza seasons during the pre-pandemic period.
During the 2020/2021 influenza season, no influenza-
related paediatric ICU deaths were reported (Fig. 1a).

Discussion

This is the first, nationwide study to examine the impact
of the COVID-19 pandemic on influenza-related hospi-
talisation and mortality in children for the 2020/2021
influenza season. We show a complete absence of
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influenza-related hospitalisations during the 2020/
2021 season, with no ICU admissions or deaths. Signifi-
cant decreases in the detection of circulating influenza
cases have been reported globally during the COVID-19
pandemic.”® Our findings in the paediatric population
are consistent with United States CDC influenza sur-
veillance data showing only one influenza-associated
paediatric death for the 2020/2021 season compared to
a range of 144 to 198 in three preceding seasons.”
Decreases in other respiratory viral illnesses in children
have also been described worldwide, including
decreased circulation of respiratory syncytial virus
(RSV) in New South Wales, Australia and dramatic
decreases in bronchiolitis-related paediatric admissions
to intensive care units in Paris, France.*"**

At the beginning of the COVID-19 pandemic, an ear-
lier than expected end to the 2019/2020 influenza sea-
son was observed, with a 3o-fold decrease in influenza-
related hospitalisations during April 2020 compared to
the pre-pandemic season average. The COVID-19 pan-
demic resulted in unprecedented implementation of
stringent public health measures across Canada. It is
likely non-pharmaceutical public health measures con-
tributed in large part to the rapid decrease in numbers
of paediatric influenza cases from April 2020 and the
subsequent absence of influenza-related hospitalisa-
tions in children in Canada during the 2020/2021
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season. Within Canada, there was significant variation
in the timing of implementation of public health meas-
ures between provinces and territories (Supplemental
Table 1) as well as variation in the subsequent relaxation
and re-introduction of these non-pharmaceutical inter-
ventions (NPIs) over time. In addition, multiple meas-
ures such as mask mandates and school closures were
typically employed simultaneously and as such, it is not
possible to estimate the impact of individual NPIs on
the observed decrease in paediatric influenza cases.
Notably, significant ongoing detection of SARS-CoV-
2 was observed throughout the 2020/2021 influenza
season in Canada,”® with detection of co-infection by
influenza and SARS-CoV-2 reported infrequently.”#
Viral interference between influenza and other respira-
tory viruses, such as rhinoviruses, has been postulated
in epidemiological modelling studies to occur at both
individual and population levels."#*> Upregulation of
interferon-stimulated gene expression following rhino-
virus infection has been shown to occur in in vitro work
in differentiated airway epithelial cultures, with result-
ing significant inhibition of subsequent influenza A
virus infection.”> Accordingly, the possibility remains
that viral interference by SARS-CoV-2 may have
decreased influenza viral infections at individual and
population level and thus played a role in the decrease
in paediatric influenza virus infections seen in the pan-
demic period. However, it is unlikely that viral interfer-
ence alone could account for the very large decrease in
influenza-related hospitalisation observed in this study.
As COVID-19 public health measures are relaxed
worldwide, inter-seasonal resurgences of paediatric
respiratory virus infections are being observed.***” In
the United States, for example, increases in seasonal
human coronaviruses, parainfluenza viruses, and respi-
ratory adenoviruses were noted from January 202I,
RSV activity increased from April 2021 and rhino/enter-
oviruses were noted to increase from June 2020.2% Pre-
vious experience during the 2009 HiN1 influenza
pandemic, such as the resurgence of influenza cases in
children in China on re-opening of schools after sum-
mer vacation, suggests the potential for influenza resur-
gence in children as pandemic control measures related
to schools are relaxed and this may be compounded by
easing of other COVID-19 mitigation practises.*?
Indeed, the concept of an “immunity deficit” amongst
children with low exposures to respiratory viruses due
to the non-pharmaceutical measures introduced during
COVID-19 has been highlighted and mathematical
models predict this may lead to larger influenza epi-
demics in the coming years.*®?" Accordingly, under-
standing the reasons for the dramatic decrease in
paediatric influenza-related hospitalisation and mortal-
ity during the 2020/2021 influenza season is important
for informing responses to forthcoming seasonal influ-
enza epidemics as well as future influenza pandemics.

Limitations

As detailed above, data collection from participating
centres includes 90% of all tertiary care paediatric beds
in Canada, however, it is possible that influenza-related
paediatric hospitalisation in smaller community centres
may have occurred. It is not possible in this study to
determine whether changes in health-seeking behav-
iours during the pandemic, such as decreased hospital
attendance due to concerns regarding the risk of SARS-
CoV-2 exposure, may have resulted in decreased hospi-
tal attendances with influenza infection. However, it is
unlikely behaviour changes would significantly impact
the need for hospitalisation due to an influenza-related
illness and the subsequent need for tertiary level or
intensive care admission is also unlikely to be influ-
enced by changes in health-seeking behaviours. A fur-
ther limitation of the current study is that it does not
enable a review of trends in all-cause paediatric acute
respiratory illness (ARI)-related hospitalisation or in
patterns of diagnostic testing for paediatric influenza at
each included paediatric centre over the study period. In
addition, it is beyond the scope of this study to deter-
mine if variation in the viral diagnostic protocols and
type of testing platform used for both influenza and
non-influenza respiratory viruses in paediatric ARI-
related hospitalisation occurred between centres over
the study period. Concerning testing practices for influ-
enza, previously published data from the Canadian
Respiratory Virus Detections Surveillance System
showed laboratory reporting for all hospitals across Can-
ada remained consistent throughout the pandemic with
no significant change in practice during the pandemic
compared to pre-pandemic years.”> While this data is
not specific to paediatric admissions, the lack of a
decrease in laboratory testing in general during the
COVID-19 pandemic suggests that changes in influenza
testing practices at participating centres during the
COVID-19 pandemic are unlikely to explain the
observed significant reduction in detected paediatric
influenza cases.

At this time the potential role of variation in influ-
enza vaccination on paediatric influenza-related hospi-
talisation during the study period is unclear. Across
Canada, influenza vaccination implementation varies
by province and data on pan-Canadian paediatric age-
specific influenza vaccination coverage is not available
to enable comparison of influenza vaccination coverage
in the 2020/2021 influenza season to previous seasons.
On review of data for influenza vaccine coverage in
adults during the 2020/2021 influenza season, this is
reported to have been similar to the 2019/2020 sea-
son.>* We cannot exclude the possibility of an increase
in paediatric influenza vaccination uptake during the
COVID-19 pandemic compared to pre-pandemic levels,
which could have contributed, in part, to the observed
decrease in paediatric influenza-related hospitalisations.
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However, it is unlikely that even very high uptake of
influenza vaccination amongst the paediatric popula-
tion during the 2020/2021 influenza season could
explain the dramatic decrease in observed influenza-
related hospitalisation during the pandemic period.

Conclusion

In conclusion, we report a dramatic decrease in paediatric
influenza-related hospitalisation following the onset of the
COVID-19 pandemic with a total absence of influenza-
related hospitalisation and mortality in the Canadian paedi-
atric active surveillance program during the 2020/2021
influenza season. While the cause of this dramatic
decrease is not fully understood, public health measures
introduced to mitigate the impact of the COVID-19 pan-
demic are likely to have been a major factor. With the
potential for a rebound in seasonal influenza infections
amongst children on relaxation of pandemic control meas-
ures, ongoing surveillance and increased understanding of
the reasons underlying the observed decreases in paediatric
influenza-related hospitalisation are of utmost importance.
The question remains whether practices such as face-
masks, distancing, hand-washing and symptomatic isola-
tion might be beneficial for influenza control and the
mitigation of future seasonal influenza epidemics in chil-
dren.
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