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ABSTRACT
Introduction We compared the population rate of 
COVID- 19 and influenza hospitalisations by age, COVID- 19 
vaccine status and pandemic phase, which was lacking in 
other studies.
Method We conducted a population- based study using 
hospital data from the province of British Columbia 
(population 5.3 million) in Canada with universal 
healthcare coverage. We created two cohorts of COVID- 19 
hospitalisations based on date of admission: annual cohort 
(March 2020 to February 2021) and peak cohort (Omicron 
era; first 10 weeks of 2022). For comparison, we created 
influenza annual and peak cohorts using three historical 
periods years to capture varying severity and circulating 
strains: 2009/2010, 2015/2016 and 2016/2017. We 
estimated hospitalisation rates per 100 000 population.
Results COVID- 19 and influenza hospitalisation rates 
by age group were ‘J’ shaped. The population rate of 
COVID- 19 hospital admissions in the annual cohort (mostly 
unvaccinated; public health restrictions in place) was 
significantly higher than influenza among individuals aged 
30–69 years, and comparable to the severe influenza 
year (2016/2017) among 70+. In the peak COVID- 19 
cohort (mostly vaccinated; few restrictions in place), 
the hospitalisation rate was comparable with influenza 
2016/2017 in all age groups, although rates among the 
unvaccinated population were still higher than influenza 
among 18+. Among people aged 5–17 years, COVID- 19 
hospitalisation rates were lower than/comparable 
to influenza years in both cohorts. The COVID- 19 
hospitalisation rate among 0–4 years old, during Omicron, 
was higher than influenza 2015/2016 and 2016/2017 and 
lower than 2009/2010 pandemic.
Conclusions During first Omicron wave, COVID- 19 
hospitalisation rates were significantly higher than 
historical influenza hospitalisation rates for unvaccinated 
adults but were comparable to influenza for vaccinated 
adults. For children, in the context of high infection levels, 
hospitalisation rates for COVID- 19 were lower than 
2009/2010 H1N1 influenza and comparable (higher for 
0–4) to non- pandemic years, regardless of the vaccine 
status.

INTRODUCTION
On 11 March 2020, the WHO declared 
COVID- 19 a global pandemic. Characteristics 
of this new respiratory disease were inevitably 

compared with seasonal influenza given 
both are respiratory diseases with similar 
symptom profiles although different muta-
tion rates (although SARS- CoV- 2 is being 
hypersequenced). However, studies suggested 
COVID- 19 was associated with higher 
mortality, infectivity, along with a number of 
clinical differences.1 2 Each year in Canada 
(population 38.7 million) in the context of 
partially vaccinated population, it is estimated 
that influenza leads to approximately 12 000 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ During early periods of the COVID- 19 pandemic, 
studies demonstrated that individuals hospitalised 
with COVID- 19 generally experienced more severe 
outcomes compared with historical cohorts of pa-
tients with influenza.

WHAT THIS STUDY ADDS
 ⇒ This study captures population and health system 
level burden of influenza and COVID- 19 hospitalisa-
tions, filling an important gap in the literature com-
paring the two diseases, which is mostly focused on 
in- hospital outcomes.

 ⇒ Our study shows a ‘J’ shaped hospitalisation rates 
by age groups for both COVID- 19 and seasonal 
influenza.

 ⇒ Among adults, at the time of more restriction in place 
and mostly unvaccinated population, COVID- 19 hos-
pitalisation rates were much higher than influenza, 
but during Omicron era, in mostly vaccinated popu-
lation and with fewer public health measures, hospi-
talisation rates were comparable.

 ⇒ In the paediatric population, COVID- 19 hospitalisa-
tion rate was similar to or lower than influenza.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Results of this study puts COVID- 19 in the context 
of seasonal influenza, a familiar pathogen for which 
there is past experience and existing protocols.

 ⇒ Findings can be used to inform assumptions that go 
into various planning scenarios and projections, and 
allocation of resources in order to reduce morbidity 
and mortality.
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hospitalisations.3 In contrast, there have been close to 
150 000 COVID- 19 related hospitalisations in Canada 
during the course of 2 years of the pandemic.

There is a paucity of comparative studies on the respec-
tive morbidity and population burdens of COVID- 19 and 
influenza epidemics, in particular by age and vaccination 
status.1 2 Instead, most comparative analyses have focused 
on severe outcomes among people who are already in 
hospital.2 4–7 Although data have shown higher disease 
severity for COVID- 19 compared with seasonal influenza 
among in- hospital populations,2 8 it is still unclear to what 
extent this is reflected at the population level or how rate 
of hospitalisation for COVID- 19 differs from influenza 
seasons with differing severities.

The epidemiology of COVID- 19 is continually evolving 
as new variants emerge, new treatments are approved 
and population immunity changes. The most recent 
variant (Omicron) in particular exhibits a different clin-
ical and epidemiological profile.9–12 Before Omicron 
emerged, all homologous or heterologous mRNA and/
or ChAdOx1 two- dose schedules were associated with 
≥90% reduction in SARS- CoV- 2 hospitalisation risk 
for up to 5–7 months13–15 while vaccine effectiveness 
against hospital admission due to the Omicron variant 
at 3 months or longer fell to 54%–55%.16 17 However, 
vaccine effectiveness against influenza hospitalisation 
has historically varied by age and ranged from negative 
values (when vaccine components were antigenically 
distinct from the epidemic strain) to ~80% (in case of 
high match).18–21 During the course of the COVID- 19 
pandemic, vaccination status of the Canadian population 
dramatically shifted from 100% unvaccinated in 2020 to 
over 90% of those vaccinated with at least one dose (aged 
12 years and over) by the end of 2021. In contrast, pre- 
pandemic historical coverage (2015–2019) for influenza 
vaccination in British Columbia has been ~30% (aged 12 
and over), ranging from ~20% in 18–34 year olds to ~60% 
in 65+ year olds.22

As jurisdictions transition to COVID- 19 endemicity 
and co- circulation with influenza, comparing population 
burden of hospitalisations primarily due to COVID- 19 
to historical influenza seasons is vital for informing 
healthcare planning. Going forward, understanding the 
potential burden of COVID- 19 on the healthcare system 
relative to more familiar respiratory pathogens will be 
important to policymakers contemplating a sustainable 
approach that balances public health measures with their 
unintended consequences. In this study, we compared 
the population rate of hospital admissions primarily due 
to COVID- 19 and influenza by age, COVID- 19 vaccine 
status and pandemic phase among residents of British 
Columbia, Canada.

METHOD
Data source
This study used data from the British Columbia COVID- 19 
Cohort (BCC19C), a public health surveillance platform 

integrating COVID- 19 datasets (testing, cases, hospi-
talisations, vaccinations) with other administrative data 
and registry holdings for the BC population (see online 
supplemental table S1 for list of linked datasets for the 
current study).

Influenza and COVID- 19 hospitalisations were identi-
fied from the Discharge Abstract Database (DAD) inte-
grated within the BCC19C platform.23 DAD data capture 
admissions, discharges, transfers and deaths occurring 
in acute care hospitals in BC. International Classifica-
tion of Diseases 10th revision (ICD- 10) codes are used 
for diagnostic coding. Other linked datasets were used to 
measure covariates, as described below.

Study design, setting and participants
BC is the westernmost province of Canada, with a popu-
lation of 5.26 million individuals and universal healthcare 
coverage. We created retrospective cohorts of patients 
admitted to hospital due to COVID- 19 or influenza. Each 
cohort was divided into annual (12 months) and peak 
(10 weeks) cohorts based on date of hospitalisation. In 
the annual cohort analysis, we compared hospitalisation 
rates (COVID- 19 vs influenza) when the majority of the 
BC population were unvaccinated for COVID- 19. In the 
peak cohort comparison, we included the peak of the 
first Omicron wave in BC and stratified COVID- 19 rates 
by vaccination status. Data on influenza vaccination were 
not available in order to stratify influenza hospitalisations 
by vaccination status. For both influenza and COVID- 19, 
we selected the first hospitalisation episode per each 
individual for each peak/annual period. If transferred, 
we captured the final discharge date for length of stay 
(LOS) in hospital or intensive care unit (ICU) calcula-
tion. Non- residents of BC were excluded (online supple-
mental figure S1).

COVID-19 hospitalisation
We used the ‘U07’ diagnostic code to identify COVID- 19 
hospitalisations in the DAD dataset, but excluded those 
with ‘U07.2’ (virus not identified), consistent with 
previous research.24 To avoid counting so- called ‘inci-
dental’ hospitalisations (patients who are hospitalised for 
non- COVID- 19 reasons but test COVID- 19 positive during 
routine screening), we focused on hospitalisations with 
the ‘U07’ code in the most responsible diagnosis field.

To capture a period when most of the BC population 
was unvaccinated and public health restrictions were in 
place, the annual cohort included all patients hospitalised 
for COVID- 19 between March 2020 and February 2021, 
by the end of which less than 10% in each age group had 
received at least one dose vaccine. For the peak cohort, 
we included individuals admitted to hospital during a 
period when the rate of COVID- 19 hospitalisations was 
the highest and when fewer restrictions were in place 
(the first 10 epidemiologic weeks of 2022 when Omicron 
was dominant, 2 January 2022 to 12 March 2022).
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Influenza hospitalisations
In the absence of harmonised laboratory testing infor-
mation for the whole province to confirm presence of 
influenza virus, we applied a validated algorithm (FLU2) 
to the DAD dataset.25 The FLU2 ICD- 10 codes included 
J09, J10.0, J10.1, J10.8, J11.0, J11.1 and J11.8. We further 
validated the algorithm using data from one region in BC 
for which influenza test results were available (see Sensi-
tivity Analysis).

Since influenza seasons from 2020 to 2022 were atypical, 
we selected three different historical seasons of varying 
severity and circulating strains to ensure a more balanced 
comparison to COVID- 19. We chose influenza seasons with 
a single peak in order to be consistent with our Omicron 
period (single peak) and to capture a continuous 10 
epidemiologic week period of highest levels of hospital-
isation activity. Influenza 2009/2010 was characterised 
by the H1N1 pandemic, which caused severe disease in 
younger people, but was less potent in the elderly. Influ-
enza 2015/2016 was characterised by mild influenza A 
(H1N1) and B (Victoria) activity and mainly affected 
children, whereas the circulating strain in 2016/2017 
was severe influenza A (H3N2) and mainly affected older 
adults. The peak cohorts included a data- driven 10- week 
peak of hospital admissions: 27 September 2009 to 5 
December 2009 (influenza 2009/2010); 24 January 2016 
to 2 April 2016 (influenza 2015/2016) and 11 December 
2016 to 18 February 2017 (influenza 2016/2017). Annual 
(12 months) cohorts included hospitalisations between 
September and August comprising the above influenza 
peaks (2009/2010, 2015/2016, 2016/2017).

Variables
Definitions for variables of interest are presented in 
online supplemental table S2. Baseline characteristics of 
admitted patients included age, sex, health authority of 
residence, number of comorbidities and COVID- 19 vacci-
nation status where available. Missing information was 
categorised as ‘Unknown’. Patients’ clinical outcomes 
were measured, including median LOS in hospital, 
proportion admitted to ICU and median LOS in ICU.

Statistical analysis
Descriptive
We summarised baseline characteristics and outcome by 
frequencies (%) and by median (Q1–Q3) for categorical 
and continuous variables, respectively. We analysed the 
statistical differences between COVID- 19 and influenza 
cohorts using χ2 test or Mann- Whitney U test.

We compared influenza and COVID- 19- related hospi-
talisation rates per 100 000 population for both the annual 
and peak cohorts. Rates were calculated by dividing the 
total number of hospitalisations by population denomi-
nators obtained from census- based BC Stats Population 
Estimates and Projections (PEOPLE)26 or from Provin-
cial Immunization Registry data for COVID- 19 vacci-
nated denominators. Unvaccinated denominators were 

calculated by subtracting the vaccinated population from 
the total PEOPLE population. For vaccinated denomina-
tors, we selected the population size on 5 February 2022, 
which is the middle date for the 10- week peak.

Sensitivity analysis and validation
In a sensitivity analysis, we identified influenza hospital-
isations using a different approach and compared with 
our primary analysis. Influenza testing data was linked to 
DAD to identify all hospitalisations (regardless of ICD- 10 
codes) within 3 days of a laboratory- confirmed influenza 
diagnosis. We limited this sensitivity analysis to one of the 
most populous regional health authorities, Vancouver 
Coastal Health (VCH population 1.26 million, 24% of 
BC population), for which influenza testing data were 
complete (data for other regions were not complete—
precluding the use of this approach for the primary anal-
ysis). Using hospitalisations with a confirmed positive 
influenza test as the gold standard, we calculated sensi-
tivity, specificity, positive predictive value and negative 
predictive value of the ICD- 10 FLU2 approach used in 
our primary analysis. We also compared hospitalisation 
rates using the two approaches.

In a separate sensitivity analysis, to control for the 
possible impact of death on LOS, we measured clinical 
outcomes after excluding in- hospital deaths.

Analyses were conduced using SAS V.9.4, and graphs 
were produced using R Studio V.3.6.2.

RESULTS
Study participants
Our peak analysis during Omicron era and in the 
context of mostly vaccinated population (>90%) 
included 2561 COVID- 19 hospitalisations. Numbers 
of influenza hospitalisations were lower: 1395 
(2009/2010), 655 (2015/2016) and 1443 (2016/2017) 
(table 1, online supplemental figure S1). Similarly, the 
annual analysis during first year of the pandemic in the 
context of mostly unvaccinated population included 
3097 COVID- 19 hospitalisations and the number of 
influenza hospitalisations for 2009/2010, 2015/2016 
and 2016/2017 were 1560, 1057 and 2025, respectively 
(online supplemental table S3, online supplemental 
figure S1).

Patient baseline characteristics
Baseline characteristics of hospitalised patients are 
presented in table 1 (peak analysis) and online supple-
mental table S3 (annual analysis). In both cohorts, a 
higher proportion of COVID- 19 hospitalisations were 
male relative to influenza. The age distribution differed 
by influenza seasons. Similar to COVID- 19 with median 
age 71 (Q1, Q3: 58, 82), influenza 2016/2017 mostly 
affected older adults, with a median age of 77 years (62, 
87). In contrast, influenza 2015/2016 (median: 56, 
Q1, Q3: 26, 72) and particularly influenza 2009/2010 
(H1N1; median: 39, Q1, Q3: 15, 55) affected younger 
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individuals (table 1). Similar findings were observed 
for the annual analysis (online supplemental table 
S3). Among children <18, the highest proportion of 
hospitalisations were among 0–4 year olds for both 
COVID- 19 and influenza. Among adults >50, the 

proportion of patients increased by age for COVID- 19 
and all influenza seasons except for 2009/2010, likely 
due to previous exposure to H1N1 among older adults. 
The majority of individuals hospitalised for COVID- 
19, influenza 2015/2016 and influenza 2016/2017 had 

Table 1 Baseline characteristics of patients hospitalised for COVID- 19 during the first 10 weeks of 2022 (Omicron era) 
and for seasonal influenza, the 10- week peak of 2009/2010 (H1N1 pandemic), 2015/2016 (higher severity in children) and 
2016/2017 (higher severity in adults), British Columbia, Canada

Characteristics

COVID- 19 
(n=2561)

Influenza 
2009/2010 (n=1395)

Influenza 2015/2016 
(n=655)

Influenza 
2016/2017 (n=1443)

n (%) n (%) n (%) n (%)

Sex

  Female 1012 (40) 750 (54) 322 (49) 774 (54)

  Male 1549 (60) 645 (46) 333 (51) 669 (46)

  P value Ref <0.0001 <0.0001 <0.0001

Age, years, Median (Q1–Q3) 71 (58–82) 39 (15–55) 56 (26–72) 77 (62–87)

  P value Ref <0.0001 <0.0001 <0.0001

Age groups, years

  0–4 127 (5) 188 (13) 81 (12) 53 (4)

  5–11 30 (1) 132 (9) 44 (7) 12 (1)

  12–17 14 (1) 62 (4) 18 (3) 19 (1)

  18–29 49 (2) 191 (14) 29 (4) 24 (2)

  30–39 80 (3) 136 (10) 52 (8) 51 (4)

  40–49 135 (5) 208 (15) 50 (8) 51 (4)

  50–59 262 (10) 226 (16) 88 (13) 111 (8)

  60–69 484 (19) 114 (8) 102 (16) 184 (13)

  70+ 1380 (54) 138 (10) 191 (29) 938 (65)

  P value Ref <0.0001 <0.0001 <0.0001

Health authority

  Fraser 974 (38) 450 (32) 156 (24) 338 (23)

  Vancouver Coastal 521 (20) 257 (18) 194 (30) 443 (31)

  Vancouver Island 290 (11) 195 (14) 157 (24) 450 (31)

  Interior 549 (21) 341 (24) 92 (14) 168 (12)

  Northern 198 (8) 138 (10) 46 (7) 29 (2)

  Unknown 29 (1) 14 (1) 10 (2) 15 (1)

  P value Ref 0.0002 <0.0001 <0.0001

Number of comorbidities

  0–1 588 (23) 642 (46) 234 (36) 214 (15)

  2–3 588 (23) 329 (24) 150 (23) 269 (19)

  4+ 1385 (54) 424 (30) 271 (41) 960 (67)

  P value Ref <0.0001 <0.0001 <0.0001

Vaccine status

  Unvaccinated 965 (38) NA NA NA

  Vaccinated, 1 dose 103 (4) NA NA NA

  Vaccinated, 2+ doses 1493 (58) NA NA NA

For the peak COVID- 19 cohort, we included all patients hospitalised for COVID- 19 during the first 10 weeks of 2022 when Omicron was 
dominant and >90% of adults in British Columbia were vaccinated with at least two doses. For influenza peak analysis, we selected data- 
driven 10- week peak from each season during which the majority of all hospitalised cases of the year were admitted.
NA, not applicable; Q, quartile; Ref, reference.
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four or more comorbidities, whereas the majority of 
hospitalised patients for influenza 2009/2010 had 0–1 
comorbidities.

Patient outcomes
In the peak analysis, the overall median (Q1, Q3) for LOS 
in the hospital due to COVID- 19 was 6 days (3, 13), which 
was same as the severe influenza year (2016/2017) but 
higher than other influenza years (table 2). In the annual 
analysis, LOS for COVID- 19 was significantly higher than 
all influenza years (online supplemental table S4). In age- 
stratified analyses, median LOS was higher for COVID- 19 
patients (vs influenza) among 40+ and 12+ years of age 
for peak and annual analysis, respectively, and compa-
rable/lower for other ages. In both cohorts, children 0–4 
years of age with COVID- 19 had shortest LOS compared 
with influenza. A higher proportion of patients with 
COVID- 19 went to ICU (33%) with longer median of 
stay (8 days (Q1, Q3 4, 16)) compared with influenza in 
the annual analysis (median between 5 and 6). In the 
peak analysis patients with influenza 2015/2016 had the 
highest proportion admitted to ICU (23%) and median 
LOS in ICU (7 (3, 13)) with the notable spike among 
50–59- year- old patients. ICU proportion and stay was not 
significantly different between COVID- 19 and influenza 
2009/2010.

Hospitalisation rates
Annual analysis
In the annual analysis (first year of the pandemic; 
largely unvaccinated population; restrictions in place), 
the COVID- 19 hospitalisation rate by age group was ‘J’ 
shaped, similar to influenza 2016/2017 (partly vacci-
nated population; no restrictions in place) (figure 1). 
Among individuals 0–17 years of age, COVID- 19 hospi-
talisations rate was significantly lower than all annual 
cohorts of influenza. However, the COVID- 19 hospi-
talisation rates were significantly higher than influenza 
2015/2016 and 2016/2017 among individuals 18+ years 
of age, and comparable to the severe influenza year 
(2016/2017) among 70+ (figure 1). Compared to influ-
enza 2009/2010, the rate for COVID- 19 was significantly 
lower among 18–29 years, and very similar among 30–39.

Peak analysis
The peak analysis (Omicron era; largely vaccinated 
population; fewer restrictions) revealed similar trends. 
COVID- 19 hospitalisations again displayed a ‘J’ shaped 
trend, with the rate of hospitalisation for COVID- 19 
increasing by age in adults (figure 2). The estimated rate 
of hospitalisation for COVID- 19 per 100 000 population 
(57 (95% CI 48 to 68)) in unvaccinated 0–4 year olds 
was about 5–6 times higher compared with unvaccinated 
older children 5–11 (12 (7 to 18)) and 12–17 year olds 
(10 (2 to 28)).

Similar to annual analysis, hospitalisation rates among 
those unvaccinated for COVID- 19 were significantly 

higher than influenza years for individuals aged 18+ years 
(online supplemental figure S2). The same was not true 
for unvaccinated individuals 5–17 years old, for whom 
hospitalisation rates for COVID- 19 remained lower or 
comparable to influenza. Kids 0–4 year olds were all 
unvaccinated during study period. These kids had higher 
hospitalisation rates compared with influenza 2015/2016 
and 2016/2017 and lower than 2009/2010.

The rates significantly dropped among vaccinated 
adults. Rates among vaccinated adults 18+ were compa-
rable with influenza 2016/2017 for all age groups except 
those 70+ (higher for influenza). Rates for 12–49 year olds 
were comparable to a milder influenza year (2015/2016). 
Hospitalisations rates for pandemic influenza 2009/2010 
were higher than COVID- 19 among 0–59 years of age and 
lower among 60+, again likely attributable to prior expo-
sure (figure 2).

Sensitivity analysis and method validation
When comparing case ascertainment using lab- based 
data to the primary analysis whereby we relied on admin-
istrative health data, we demonstrated overall good sensi-
tivity across all influenza seasons with 88% (95% CI: 82 
to 93), 70% (64 to 76), 75% (71 to 78) for 2009/2010, 
2015/2016 and 2016/2017, respectively (online supple-
mental table S5). Further, overall population level rate 
estimates were comparable using ICD codes versus posi-
tive lab- confirmed influenza tests in all influenza years, 
with overlapping CIs (online supplemental figure S3). 
We explored patient outcomes when excluding in- hos-
pital death and we did not observe any significant differ-
ences (data now shown).

DISCUSSION
We created retrospective, population- based cohorts of 
COVID- 19 and influenza hospitalisations in order to 
compare population burden of hospitalisations. Our 
comparisons varied by phase of the COVID- 19 pandemic 
(pre- Omicron, Omicron) and historical influenza season 
(2009/2010, 2015/2016, and 2016/2017). Pre- Omicron 
in the context of a largely unvaccinated population and 
strong public health measures, COVID- 19 hospitalisa-
tion rates among adults were generally higher than non- 
pandemic influenza rates (2015/2016, 2016/2017), with 
the exception among individuals age 70+ during the 
severe influenza year of 2016/2017. In contrast, at the 
peak of Omicron and in the context of a largely vacci-
nated population and fewer restrictions, hospitalisation 
rates among adults for COVID- 19 were similar to non- 
pandemic historical influenza rates. Findings among chil-
dren (0–17 years of age) were different from adults, with 
COVID- 19 hospitalisation rates generally comparable or 
lower than influenza regardless of vaccination status or 
COVID- 19 pandemic phase.

Compared to 2009/2010 influenza pandemic, the 
rates were lower among 0–49- year- old COVID- 19 patients 
during Omicron- dominant period, similar among 
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Table 2 Outcome of patients hospitalised for COVID- 19 during the first 10 weeks of 2022 (Omicron era) and for influenza, 
the 10- week peak of 2009/2010 (H1N1 pandemic), 2015/2016 (higher severity in children) and 2016/2017 (higher severity in 
adults) by age group, British Columbia, Canada

Outcome by age groups (year) COVID- 19 (n=2561)
Influenza 2009/2010 
(n=1395)

Influenza 2015/2016 
(n=655)

Influenza 2016/2017 
(n=1443)

Hospital length of stay, days, Median (IQR)

  All ages 6 (3–13) 3 (2–7) 5 (2–10) 6 (3–12)

  P value Ref <0.0001 <0.0001 0.1697

  0–4 1 (1–2) 2 (1–4) 3 (2–6) 3 (1–6)

  5–11 2 (1–3) 2 (1–5) 3 (2–6.5) 2 (1–3)

  12–17 2 (1–5) 2 (1–5) 2 (1–4) 3 (1–6)

  18–29 2 (1–5) 2 (1–4) 3 (1–5) 2 (1–3)

  30–39 3 (2–6) 3 (1–5) 3 (2–9) 3 (1–5)

  40–49 5 (2–10) 4 (2–8) 4 (2–9) 4 (2–7)

  50–59 7 (3–13) 5 (2–9) 6 (3–14.5) 4 (2–8)

  60–69 7 (4–14) 5 (3–10) 6 (3–10) 4 (3–9)

  70+ 8 (4–15) 6 (3–11) 7 (4–12) 7 (4–14)

Admission to ICU

  All ages 472 (18%) 216 (15%) 151 (23%) 157 (11%)

  P value Ref 0.0195 0.0075 <0.0001

  0–4 13 (3%) 12 (6%) 16 (11%) 16 (10%)

  5–11 5 (1%) 14 (6%) 8 (5%) 7 (5%)*

  12–17 <5 <5 <5

  18–29 12 (3%) 24 (11%) 8 (5%) <5

  30–39 14 (3%) 24 (11%) 8 (5%) <5

  40–49 33 (7%) 43 (20%) 15 (10%) 10 (6%)

  50–59 77 (16%) 52 (24%) 34 (23%) 19 (12%)

  60–69 136 (29%) 25 (12%) 33 (22%) 35 (22%)

  70+ 181 (38%) 18 (8%) 27 (18%) 66 (42%)

Stay in ICU, days, Median (IQR)

  All ages 6 (3–14) 6 (2–13) 7 (3–13) 5 (3–12)

  P value Ref 0.0181 0.0063 <0.0001

  0–4 2 (1–3) 4 (1–13) 3 (2–5) 5 (2–11)

  5–11 3 (1–8) 2 (1–5) 5 (2–12) 3 (2–5)*

  12–17 Sup† Sup† Sup†

  18–29 3 (2–28) 5 (2–25) 4 (2–23) Sup†

  30–39 4 (3–12) 4 (1–6.5) 6 (2–16) Sup†

  40–49 5 (2–14) 11 (4–27) 9 (4–12) 5 (2–8)

  50–59 7 (3–16) 7 (4–13) 10 (6–15) 6 (3–12)

  60–69 8 (3–17) 7 (4–12) 9 (5–14) 9 (3–13)

  70+ 7 (3–11) 8 (3–11) 5 (3–13) 6 (3–11)

For the peak COVID- 19 cohort, we included all patients hospitalised for COVID- 19 during the first 10 weeks of 2022 when Omicron was 
dominant and >90% of adults in British Columbia were vaccinated with at least two doses. For influenza peak analysis, we selected data- 
driven 10- week peak from each season during which the majority of all hospitalised cases of the year were admitted. P values are presenting 
differences between COVID- 19 and each influenza year.
*The two age groups collapsed due to disclosure control.
†Suppressed due to disclosure control.
ICU, intensive care unit; Q, quartile; Ref, reference; Sup, suppressed.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2022-001567 on 2 F
ebruary 2023. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


Setayeshgar S, et al. BMJ Open Resp Res 2023;10:e001567. doi:10.1136/bmjresp-2022-001567 7

Open access

50–69 year olds, and higher among 70+ year olds. Rates 
among vaccinated adults 18+ were comparable with 
influenza 2016/2017 for all age groups except those 
70+ (higher for influenza). Unvaccinated adults (18+) 
remained at risk with significantly higher COVID- 19 
hospitalisation rates. In contrast, among 0–17- year- old 
children, COVID- 19 hospitalisation rates in the first 

2 years of the pandemic were comparable or lower 
than influenza regardless of vaccination status or circu-
lating variant. The exception was among 0–4- year- old 
kids during Omicron, who had higher rates compared 
with non- pandemic influenza years. This may be due 
to higher incidence rate in this age category during 
Omicron. Canadian National Advisory Committee on 
Immunization reported that increased COVID- 19 asso-
ciated hospitalisation rates across paediatric populations 
are consistent with increased seroprevalence rates across 
all age groups since Omicron became the predomi-
nant variant.27 Specifically, seroprevalence study in BC 
showed that at least 63% of children under the age of 
5 were infected by March 2022, at time when few were 
vaccinated.28

To the best of our knowledge, we could only compare 
our annual analysis findings with published literature 
due to unavailability of population- level studies since 
Omicron emerged. Our findings are similar to other 
studies reporting higher rates of hospitalisation for 
COVID- 19 compared with influenza in unvaccinated 
populations in the early phases of the pandemic.2 7 In a 
French study, there were about two times the number of 
COVID- 19 hospitalisations in a 2- month period (89 530; 
1 March to 30 April 2020) compared with a 3- month 
period for seasonal influenza (n=45 819; 1 December 
2018 to 28 February 2019).2 In an analysis comparing 
COVID- 19 in a 2- month period in 2020 to the previous 
five influenza seasons (8 months each) at a large hospital 
in Boston, there were 582 COVID- 19 hospitalisations 
compared with an average of 210 influenza admissions.7 
Both COVID- 19 and influenza 2016/2017 had ‘J’ shaped 
age- specific hospitalisation rate curves, with higher rates 
at the extremes of age. Similar to the French study,2 the 
rate of hospitalisations in our annual analysis was >4 
times higher for influenza than COVID- 19 among chil-
dren <18 years, while the rates were significantly lower 
for influenza 2015/2016 and 2016/2017 among 18–69 
and comparable among 70+ years. In a US- based surveil-
lance study focused on children, the COVID- 19 hospital-
isation rate from October 2020 to September 2021 was 
similar/lower to historical influenza seasons among chil-
dren 0–11, but higher among adolescents aged 12–17.4 
Importantly, the relative difference between COVID- 19 
and influenza is likely underestimated in these compari-
sons due to strong public health measures implemented 
during COVID- 19 (and thus reduced population contact 
rates), widespread influenza vaccination coverage, and 
prior influenza infection conferring protection from 
severe disease.

Moreover, we found that COVID- 19 hospitalisation 
rates in individuals vaccinated with two or more doses 
(≥1 doses among 5–11 years), dropped significantly 
compared with unvaccinated individuals. The rates 
became generally comparable to influenza rates in indi-
viduals aged 12–69. This should be interpreted in the 
context of influenza vaccination coverage in BC popu-
lation being ~30% for individuals aged 12–64 and ~60% 

Figure 1 Annual hospitalisation rates for patients 
hospitalised for COVID- 19 (2020/2021) compared with 
annual hospitalisation for influenza in 2009/2010 (H1N1 
pandemic), 2015/2016 (higher severity in children) and 
2016/2017 (higher severity in adults), by age group, British 
Columbia, Canada. For annual COVID- 19 cohort, we 
included all patients hospitalised for COVID- 19 from March 
2020 to February 2021. For influenza, we selected three 
12- month periods from September to August of each year.

Figure 2 Population rate of patients hospitalised for 
COVID- 19 (excluding unvaccinated 18+) during the first 10 
weeks of 2022 (Omicron era) and for influenza, the 10- week 
peak of 2009/2010 (H1N1 pandemic), 2015/2016 (higher 
severity in children) and 2016/2017 (higher severity in 
adults), by age group and COVID- 19 vaccine status, British 
Columbia, Canada. For the peak COVID- 19 cohort, we 
included all patients hospitalised for COVID- 19 during the 
first 10 weeks of 2022 when Omicron was dominant and 
>90% of adults in British Columbia were vaccinated with at 
least two doses. For influenza peak analysis, we selected 
data- driven 10- week peak from each season during which 
the majority of all hospitalised cases of the year were 
admitted.
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for individuals aged 65 and over22 as well as some cross- 
protection from previous influenza seasons.

Our results need to be interpreted in the context of 
public health measures in place in BC throughout the first 
2 years of the pandemic, diminishing the potential impact 
of COVID- 19. These included testing within 24 hours for 
those who qualified, isolation and contact tracing for 
every case and contact, limits and restrictions on public 
and private gatherings, and mask wearing during periods 
of higher transmission. Businesses and schools adopted 
safety plans, and long- term care facilities were required 
to take preventive and outbreak measures at the order of 
Medical Health Officers. With the exception of a 9- week 
closure in March 2020, schools remained open for the 
entire duration of the pandemic. Nonetheless, extracur-
ricular activities and gatherings were limited, reducing 
the contact rate among children and youth. In contrast, 
influenza hospitalisations represent pre- pandemic time 
periods without public health measures in place.

Median age of 67 for hospitalised patients in the annual 
analysis was comparable with prior estimates, which 
ranged from 62 to 68.2 6 7 Similar to other studies, we 
found that COVID- 19 hospitalised patients were slightly 
more likely to be male.1 2 5 6 The majority of patients 
admitted for COVID- 19 and non- pandemic influenza 
years had ≥4 comorbidities, suggesting that a majority 
of admitted patients for COVID- 19 or influenza were 
already at risk for complicated progression. Other studies 
also found that ~60% of COVID- 19 and influenza- related 
hospitalised cases were previously diagnosed with hyper-
tension.6 7 Similarly about 70% of hospitalised patients 
for COVID- 19 or influenza in France had Elixhauser 
comorbidity score greater than zero.2 6 In our study, 
patients with COVID- 19 had an overall longer hospital 
stay in the annual analysis while the length was not 
significantly different from influenza 2016/2017 during 
the Omicron peak. Overall median LOS ranged from 6 
(peak analysis) to 8 days (annual analysis) for COVID- 19 
and ranged from 3 to 6 for influenza seasons, with differ-
ences more noticeable in patients >50 years of age. LOSs 
for the annual analysis were close to other studies for 
COVID- 19 in 2020 (median: 7,5 86 29 and 930) and influ-
enza during different season (median=3,5 729 and 530). 
Similar to other studies,2 5 7 ICU admission rates and LOS 
in ICU for COVID- 19 was significantly higher than influ-
enza in the annual analysis. During Omicron, relative 
differences in ICU admission rates and LOS for patients 
hospitalised for COVID- 19 decreased, but important age- 
specific patterns remained.

Our work has several strengths and fills an important 
gap in the literature comparing the population- level 
burden of COVID- 19 to influenza in terms of hospitalisa-
tion, as other publications generally focus on difference 
in severity of influenza versus COVID- 19 in hospital-
ised patients, while our study focuses on the difference 
in population- level burden of the two conditions pre- 
Omicron and during Omicron. Other notable strengths 
include the population- based capture of both influenza 

and COVID- 19 hospitalisations and the ability to link 
to individual- level COVID- 19 immunisation data and 
chronic disease registry data for comorbidity findings. 
In addition, our comparative analysis alleviated potential 
biases by accounting for important factors, namely using 
ICD codes for both conditions, COVID- 19 vaccination 
status, including two time periods for COVID- 19 with 
different features, and three different influenza compar-
ison seasons with varying severity and different influenza 
strains.

Our study also had limitations. The present analysis was 
hindered by the unavailability of individual- level influ-
enza immunisation status; there is currently no provincial 
level dataset that captures influenza vaccination status for 
all BC residents. We were thus unable to stratify influenza 
hospitalisations by vaccination status. While the use of 
ICD codes to identify influenza hospitalisations is widely 
adopted in literature, some misclassification and under-
reporting is expected. Yet, relying on positive influenza 
tests alone is not an ideal approach either: it underesti-
mates the true number of influenza hospitalisations since 
testing practices differ by facility and not every patient 
with respiratory symptoms gets swabbed. In our validation 
analysis, the overall influenza estimates of hospitalisation 
rates using ICD codes and test results were comparable 
with overlapping confidence intervals. For COVID- 19 
hospitalisations, due to variations in coding practices and 
widespread testing in hospitals, residual misclassifica-
tion and overestimation is possible. Our study period for 
annual analysis includes a short time period in February 
2021 when the first variant of concern, Alpha, started to 
grow in BC; therefore some hospitalisations may not have 
been due to the original strain, although we expect this 
number to be small. Finally, our analysis captures a time 
period with varying degrees of public health measures 
being in place, and thus direct comparisons with histor-
ical influenza results, when no restrictions were in place, 
should be made with caution.

In conclusion, In the context of Omicron and 
few public health measures, hospitalisation rates for 
COVID- 19 among children and vaccinated younger 
adults were comparable to historical influenza seasons 
and lower than that observed during 2009/2010 H1N1 
pandemic. The hospitalisation rate among infants and 
toddlers was higher than non- pandemic influenza years 
but lower than 2009/2010 H1N1 pandemic. For older 
vaccinated adults, COVID- 19 hospitalisation rates were 
closer to more severe influenza seasons for that demo-
graphic. For unvaccinated adults all ages, COVID- 19 
hospitalisation rates were significantly worse than severe 
influenza seasons.

These may have important implications for planning 
and preparation for future periods of influenza and 
SARS- CoV- 2 co- circulation. Specifically, they provide 
population- level epidemiological observations by age 
and vaccination status that can be used to inform assump-
tions that underlie various planning scenarios. Compar-
ison to influenza provides an important reference point 
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because it is a familiar pathogen for which there is past 
experience and existing protocols and policies. Future 
studies are warranted to better understand the impact of 
COVID- 19 relative to influenza in the context of no or 
little restrictions and/or co- circulation.
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