
Open Forum Infectious Diseases                                   

M A J O R  A R T I C L E

Burden of Severe Illness Associated With  
Laboratory-Confirmed Influenza in Adults  
Aged 50–64 Years, 2010–2011 to 2016–2017
Philip Kim,1 Brenda Coleman,1,2 Jeffrey C. Kwong,2,3,4,5 Agron Plevneshi,1 Kazi Hassan,1 Karen Green,1 Shelly A. McNeil,6 Irene Armstrong,7 Wayne L. Gold,8

Jonathan Gubbay,5,9 Kevin Katz,9,10 Stefan P. Kuster,11 Reena Lovinsky,12 Larissa Matukas,9,13 Krystyna Ostrowska,14 David Richardson,15

and Allison McGeer1,2,9

1Department of Microbiology, Sinai Health System, Toronto, Canada, 2Dalla Lana School of Public Health, University of Toronto, Toronto, Canada, 3Department of Family and Community Medicine, 
University of Toronto, Toronto, Canada, 4ICES, Toronto, Canada, 5Public Health Ontario, Toronto, Canada, 6Department of Medicine, Dalhousie University, Halifax, Canada, 7Toronto Public Health, 
Toronto, Canada, 8Department of Medicine, University Health Network, University of Toronto, Toronto, Canada, 9Department of Laboratory Medicine and Pathobiology, University of Toronto, Toronto, 
Canada, 10Department of Microbiology, Sunnybrook Health Sciences Centre, Toronto, Canada, 11Division of Infectious Diseases and Hospital Epidemiology, Cantonal Hospital St Gallen, St Gallen, 
Switzerland, 12Scarborough Health Network, Toronto, Canada, 13Division of Microbiology, Unity Health, Toronto, Canada, 14Trillium Health Partners, Mississauga, Canada, and 15Department of 
Medical Microbiology and Infectious Diseases, William Osler Health System, Brampton, Canada

Background. Understanding the burden of influenza is necessary to optimize recommendations for influenza vaccination. We 
describe the epidemiology of severe influenza in 50- to 64-year-old residents of metropolitan Toronto and Peel region, Canada, over 
7 influenza seasons.

Methods. Prospective population-based surveillance for hospitalization associated with laboratory-confirmed influenza was 
conducted from September 2010 to August 2017. Conditions increasing risk of influenza complications were as defined by 
Canada’s National Advisory Committee on Immunization. Age-specific prevalence of medical conditions was estimated using 
Ontario health administrative data. Population rates were estimated using Statistics Canada data.

Results. Over 7 seasons, 1228 hospitalizations occurred in patients aged 50–64 years: 40% due to A(H3N2), 30% A(H1N1), and 
22% influenza B. The average annual hospitalization rate was 15.6, 20.9, and 33.2 per 100 000 in patients aged 50–54, 55–59, and 60– 
64 years, respectively; average annual mortality was 0.9/100 000. Overall, 33% of patients had received current season influenza 
vaccine; 963 (86%) had ≥1 underlying condition increasing influenza complication risk. The most common underlying medical 
conditions were chronic lung disease (38%) and diabetes mellitus (31%); 25% of patients were immunocompromised. The 
average annual hospitalization rate was 6.1/100 000 in those without and 41/100 000 in those with any underlying condition, 
and highest in those with renal disease or immunocompromise (138 and 281 per 100 000, respectively). The case fatality rate in 
hospitalized patients was 4.4%; median length of stay was 4 days (interquartile range, 2–8 days).

Conclusions. The burden of severe influenza in 50- to 64-year-olds remains significant despite our universal publicly funded 
vaccination program. These data may assist in improving estimates of the cost-effectiveness of new strategies to reduce this burden.
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Annual influenza epidemics impose a substantial burden of ill-
ness, particularly in older adults. Between 140 000 and 810 000 
hospitalizations and 12 000 to 61 000 deaths are associated with 
influenza infections in the United States (US) each year, with 

50%–70% of the hospitalizations and 70%–85% of the deaths 
occurring in persons aged ≥65 years [1, 2].

Accordingly, many vaccination programs use age-based rec-
ommendations and define those ≥65 years old as a high-risk 
group [2–5]. However, the incidence of severe illness due to in-
fluenza does not change sharply at one age breakpoint. An in-
creasing number of studies have suggested that the burden of 
influenza in 50- to 64-year-olds may be high enough to warrant 
implementation of additional strategies to improve protection 
[6–15]. Our previous rapid literature review demonstrated a 
very wide range in reported rates of influenza-associated hospi-
talization in 50- to 64-year-olds, both between jurisdictions and 
in different years, from a low of 5.7 per 100 000 persons in 
Portugal during the 2013–2014 season to a high of 112.8 per 
100 000 persons in the US during the 2017–2018 season [15]. 
In this review, we found that adults aged 50–64 years had a me-
dian incidence that was 3.0-fold (interquartile range [IQR], 
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2.4–4.7) that of persons aged 14–49 years and 0.26-fold (IQR, 
0.19–0.45) that of those aged ≥65 years. Few studies were per-
formed in jurisdictions with routine influenza testing for hos-
pitalized adults, and data on factors associated with increased 
risk of hospitalization and death in 50- to 64-year-olds were 
limited.

We aimed to describe the epidemiology of laboratory- 
confirmed influenza resulting in hospitalization and death in 
50- to 64-year-old residents of metropolitan Toronto and 
Peel region during the 2010–2011 to 2016–2017 influenza 
seasons.

METHODS

The Toronto Invasive Bacterial Diseases Network (TIBDN) 
performed prospective population-based surveillance for hos-
pitalization associated with laboratory-confirmed influenza 
from September 2010 to August 2017 in residents of metropol-
itan Toronto and the regional municipality of Peel (combined 
population ∼4.3 million in 2015) [16–19]. The laboratory- 
based surveillance involved all hospitals (n = 28) providing 
care to, and all laboratories (n = 25) processing influenza test-
ing from, hospitalized residents of the population area. 
Laboratory personnel telephoned or faxed the study office 
when a positive test for influenza was identified at a participat-
ing hospital. Trained study personnel screened reports to iden-
tify hospitalized patients and, after obtaining consent, used 
standardized questionnaires to collect demographic and medi-
cal information by chart review and patient and physician 
interview.

Patient Consent Statement

This surveillance study was approved by the research ethics 
boards of all participating institutions (eg, Sinai Health 
System numbers 02-0118-U and 05-0116-C). Written consent 
or verbal consent by telephone was obtained with consent 
form and documentation mailed to patients. Consent for chart 
review was waived for patients who could not be contacted and 
those who were not competent to consent and for whom there 
was no substitute decision maker.

Inclusion Criteria

For this analysis, we included persons who (1) were aged ≥18 
years when hospitalized, (2) were residents of the population 
area as defined by postal code of residence or who were home-
less/underhoused and admitted to a hospital located within the 
population area, (3) required hospitalization for an acute illness 
between September 2010 and August 2017, and (4) had a respi-
ratory specimen (nasopharyngeal swab/aspirate, midturbinate/ 
nasal/throat swab, sputum, endotracheal tube aspirate, or bron-
choscopy specimen) obtained within 48 hours of hospital ad-
mission that yielded influenza on laboratory testing. Persons 

whose positive specimen was obtained >48 hours after admis-
sion and patients who were admitted with influenza as opposed 
to for influenza (eg, admitted for induction of labor at 41 
weeks) were excluded.

Laboratory Testing

From 2010 to 2017, all testing for influenza in participating in-
stitutions was performed using reverse-transcription polymer-
ase chain reaction (PCR) in either Public Health Ontario 
Laboratories (PHOL) or in a clinical laboratory licensed by 
the Province of Ontario [20]. The exception was the William 
Osler Health System during the 2010–2011 season only, when 
all specimens were first tested by enzyme-linked immunosor-
bent assay (EIA) and all EIA-negative specimens were referred 
to PHOL for PCR testing. Specimens yielding influenza A in 
any laboratory were subtyped at PHOL [21]

Definitions

Hospitalization incidence calculations included all eligible pa-
tients. For mortality and detailed burden assessment, only 
those who consented to participate and those for whom a waiv-
er of chart review was granted were included.

Death attributable to influenza was defined as that occurring 
within 30 days of the positive influenza test. Patients whose last 
contact was prior to day 30, who were stable or improving at 
last contact, and who were not readmitted to the same institu-
tion were assumed to have survived. Length of hospital stay was 
defined as the number of nights spent in hospital. Participants 
admitted and discharged on the same day were assigned a 
length of stay of 0.5 days.

Intensive care unit (ICU) admissions and mechanical ventila-
tion were attributed to influenza if they occurred during the hos-
pitalization in which influenza was diagnosed and within 15 days 
of the positive influenza test. Obesity and morbid obesity were 
defined as body mass index (BMI) of ≥30 kg/m2 and ≥40 kg/m2, 
respectively. Underlying chronic conditions were as recorded in 
the patient chart with the exception of anemia, which was defined 
as a hematocrit below the lower limit of normal on admission.

Influenza vaccination history was obtained from chart re-
view and interviews with patients and/or vaccine providers. 
Patients were defined as vaccinated for the current season if 
vaccination was recorded as occurring >14 days before the on-
set of symptoms of influenza.

Complications of influenza were defined as cardiovascular 
(myocardial infarction, unstable angina, stroke, new arrhyth-
mia), seizures, complicating secondary infections, and other 
(eg, Clostridioides difficile colitis, acute renal failure, fractures 
from falls) as recorded in medical charts. Complicating blood-
stream infections were defined as per National Healthcare 
Safety Network criteria [22]. Possible pneumonia was recorded 
if the microbiology laboratory reported a pathogen in 
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significant concentrations in sputum or in a specimen obtained 
at bronchoscopy.

Analysis

All data were analyzed in SAS (version 9.4), with the exception 
that incidence rate ratios (IRRs) were calculated using Open-Epi 
(http://www.openepi.com). The incidence of hospitalization, mor-
tality, and ICU admission associated with laboratory-confirmed 
influenza among adults in different age groups was calculated 
by dividing the number of cases per season (1 September to 31 
August) by the estimated population for the year. Population es-
timates were obtained from Statistics Canada. As disease inci-
dence was measured in the population rather than a sample of 
the population, confidence limits were not calculated.

Estimates of Disease Incidence in Population Subgroups

Canada’s National Advisory Committee on Immunization 
(NACI) defines underlying conditions that are associated 
with a high risk of complications of influenza [23]; information 
regarding these conditions were collected for all consenting 
cases. To estimate the prevalence of many of these conditions 
in the overall population, we applied validated algorithms to 
data from the Canadian Institute of Health Information’s 
Discharge Abstract Database, the National Ambulatory 
Reporting System database, the Same-Day Surgery database, 
and the Ontario Health Insurance Plan database [20, 24]. 
These datasets were linked using unique encoded identifiers 
and analyzed at ICES (formerly the Institute for Clinical 
Evaluative Sciences).

Table 1. Demographics of Patients 50–64 Years of Age Admitted With Laboratory-Confirmed Influenza, Toronto and Peel Region, 2010–2011 to 2016–2017

Characteristic

Age Category
Overall

50–54 y (n = 333) 55–59 y (n = 393) 60–64 y (n = 502) 50–64 y (N = 1228)

Female sex 172 (52) 190 (48) 253 (50) 615 (50)

Influenza type

B 73 (22) 87 (22) 108 (22) 268 (22)

A(H1N1) 106 (32) 135 (34) 129 (26) 370 (30)

A(H3N2) 127 (38) 139 (35) 224 (45) 490 (40)

A, untypeda 27 (8) 32 (10) 42 (8) 100 (8)

Vaccinated, current season (n = 971)b 70 (28) 103 (33) 152 (38) 325 (33)

Underlying chronic conditions (n = 1125)c,d

Any 248 (82) 306 (84) 409 (89) 963 (86)

Chronic cardiac disease 67 (22) 86 (24) 141 (31) 294 (26)

Chronic pulmonary disease 109 (36) 134 (37) 180 (39) 423 (38)

Chronic liver disease 24 (8) 33 (9) 34 (7) 91 (9)

Chronic renal disease 40 (13) 43 (12) 51 (11) 134 (12)

Diabetes mellitus 85 (28) 111 (30) 153 (33) 349 (31)

Malignancy 40 (13) 65 (18) 99 (22) 204 (18)

Immunocompromising condition 72 (24) 91 (25) 115 (25) 278 (25)

Neurologic/neurodevelopmental 29 (10) 45 (12) 64 (14) 137 (12)

Anemia or hemoglobinopathy 85 (28) 120 (33) 143 (31) 348 (31)

Charlson score (n = 1125)

0–1 83 (28) 85 (23) 43 (9) 211 (19)

2–3 150 (50) 179 (49) 173 (38) 502 (45)

4–5 39 (13) 60 (16) 150 (33) 249 (22)

≥6 29 (10) 40 (11) 94 (20) 163 (14)

Smoking status (n = 1079)e

Current 84 (29) 87 (25) 108 (24) 279 (26)

Ever 52 (18) 66 (19) 89 (20) 207 (19)

Never 154 (53) 201 (57) 248 (56) 603 (55)

Body mass index (n = 883)f

Obesity 70 (30) 91 (31) 110 (30) 211 (24)

Morbid obesity 21 (9) 16 (6) 21 (6) 54 (6)

Data are presented as No. (%).  
aSpecimens with low viral load could not be subtyped.  
bOf 971 cases with data, 252 were aged 50–54, 314 were 55–59, and 405 were 60–64 years.  
cOf 1125 cases with data, 301 were aged 50–54, 364 were 55–59, and 460 were 60–64 years.  
dUnderlying chronic conditions include conditions that increases the risk of influenza-related complications or hospitalization as per the National Advisory Committee on Immunization [17]. 
Participants may be identified in >1 disease category.  
eOf 1079 cases with data, 290 were aged 50–54, 354 were 55–59, and 445 were 60–64 years.  
fOf 883 cases with known BMI, 233 were aged 50–54, 289 were 55–59, and 361 were 60–64 years.
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A comparison of NACI and ICES classification of underlying 
diseases is found in Supplementary Table 1. We calculated the 
rate of influenza-associated hospitalization in those with un-
derlying chronic illnesses for whom ICES algorithms provided 
population estimates. We obtained the population prevalence 
of morbid obesity from Statistics Canada using data from the 
2015 to 2020 cycles of the Canadian Community Health 
Survey for residents of the study area [24].

RESULTS

Patient Characteristics

A total of 7962 eligible episodes of hospitalization due to 
laboratory-confirmed influenza were identified in adults (≥18 
years) during the study period. Of these, 1043 (13%) occurred 
in 18- to 49-year-olds, 1228 (15%) in 50- to 64-year-olds, and 
5691 (71%) in persons aged ≥65 years. Among persons aged 
50–64 years, 333 (27%) hospitalizations occurred in 50- to 
54-year-olds, 393 (32%) in 55- to 59-year-olds, and 502 
(41%) in 60- to 64-year-olds (Table 1). Influenza A(H3N2) 
was the most common influenza subtype associated with hospi-
talization (490 cases or 40%) in 50- to 64-year-olds.

Of the 1228 persons aged 50–64 years who were hospitalized, 
103 (8.4%) declined study participation, yielding 1125 partici-
pants with detailed clinical information. Among these, 963 
(86%) had at least 1 underlying condition classified by NACI 
as increasing the risk of influenza-related complications 
(Table 1). The most common conditions were chronic pulmo-
nary disease (38%), diabetes mellitus (31%), anemia or hemo-
globinopathy (31%), and chronic cardiac disease (27%); 25% 
of patients were immunocompromised by underlying illness 
or medication. Of the 971 participants with seasonal influenza 
vaccination status available, 325 (33%) had received the current 
season influenza vaccine: this included 300 of 522 (37%) of 
those with a chronic underlying illness and 25 of 124 (17%) 
of those without.

Rates of Hospitalization, Mortality, and Case Fatality

The annual average rate of influenza-associated hospitalization 
in 50–64 year-olds during the 7 surveillance seasons was 22.4 
per 100 000 per year (Table 2); incidence in individual seasons 
ranged from 12.4 (2011–2012) to 31.6 per 100 000 (2013–2014). 
The average annual mortality rate was 0.9 per 100 000, with the 
lowest season-specific rate of 0.1 per 100 000 in 2011–2012 and 
the highest rate of 1.6 per 100 000 in 2012–2013. Overall, 215 
patients (19%) were admitted to ICU, 139 (12%) required me-
chanical ventilation, and 49 (4.4%) died. The median length of 
hospitalization for survivors was 4.0 days (IQR, 2–8 days).

Persons aged 50–64 years had a rate of hospitalization that 
was 3-fold higher than persons aged 18–49 years (22.4 vs 7.54 
per 100 000 per year), but 2-fold lower than those aged 65–74 
years (45.9 per 100 000 per year) (Table 2). The mortality rate 

in 50- to 64-year-olds was 9-fold higher than in 18- to 
49-year-olds (0.9 vs 0.1 per 100 000 per year) and 2-fold lower 
than in 65- to 74-year-olds (2.0 per 100 000 per year). The case 
fatality rate in 50- to 64-year-olds was 3-fold higher than in 
18- to 49-year-olds (4.4% vs 1.8%, P < .001, Fisher exact test) 
and not significantly different from that in 65- to 74-year-olds 
(4.8%).

The rate of hospitalization in 60- to 64-year-olds was just 
over twice that of 50- to 54-year-olds ( IRR, 2.14 [95% confi-
dence interval [CI], 1.86–2.45]), and 1.6 times that of 55- to 
59-year-olds (IRR, 1.59 [95% CI, 1.49–1.82]) (Table 2, 
Figure 1, and Supplementary Table 2). Patients 60–64 years 
of age also had higher mortality rates than those aged 50–54 
years (1.2 vs 0.6 per 100 000; IRR, 2.12 [95% CI, 1.02–4.53]). 
The case fatality rates and hospital length of stay did not differ 
significantly between these age subgroups (data not shown).

Burden of Severe Illness in Patients With Underlying Conditions

According to ICES categorization, 926 of the 1125 (82%) study 
patients with detailed clinical information had at least 1 under-
lying medical condition associated with an increased risk of in-
fluenza complications. This compares to 40% of 50- to 
64-year-olds with such conditions in the overall population 
of the study area. The most common underlying medical con-
ditions in hospitalized patients were anemia (31% [n = 348]), 
diabetes mellitus (31% [n = 345]), cardiac disease (27% [n = 
299]), chronic obstructive pulmonary disease (COPD) (21% 
[n = 231]), and asthma (19% [n = 215]). Thirty-seven patients 
had an underlying condition defined by NACI that was not in-
cluded in any ICES category. Of these, 6 patients had liver dis-
ease, 9 had pulmonary disease other than COPD or asthma, 3 
had cardiovascular disease with a diagnosis other than those in-
cluded in ICES definitions, 14 had neurologic/neurodevelop-
mental disease, and 9 had an immunocompromising condition. 
There were also 155 patients who were included in non- 
immunocompromised high-risk groups by ICES definitions, 
but were categorized as immunocompromised by NACI defini-
tions because they had both a non-immunocompromising con-
dition that was identified by ICES (eg, anemia) and an 
immunocompromising condition that was not (eg, patient re-
ceiving cancer chemotherapy). All morbidly obese patients had 
other underlying conditions resulting in their inclusion in 
ICES categories. No patient had an underlying condition defined 
by ICES that was not included in risk conditions as defined by 
NACI.

Patients aged 50–64 years who had at least 1 underlying 
chronic condition had hospitalization and mortality rates 
(41.0 and 1.8 per 100 000, respectively) that were approximately 
6-fold higher than those without underlying conditions (6.1 
and 0.3 per 100 000, respectively) (P < .001; Table 3). These 
hospitalization rates of 6.1 and 41.0 per 100 000 in 50- to 
64-year-olds without and with at least 1 underlying illness 
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compare to rates of 14.4 and 83.9 per 100 000 in persons 65–74 
years of age without and with underlying illness, respectively.

The highest rates of hospitalization and mortality occurred 
in those with human immunodeficiency virus (HIV) infection 
or living with an organ transplant (281.2 and 9.9 per 100 000, 
respectively), followed by those with kidney disease (137.5 
and 5.6 per 100 000) and anemia (129.8 and 7.1 per 100 000, re-
spectively). The case fatality and ICU admission rates did not 
differ significantly between those with at least 1 underlying 
condition and those without (P = .46 and P = .08, respectively), 
although there was significant variability in ICU admission in 
those with different underlying conditions (P = .007; Table 3).

Complications of Influenza Episodes

Of 1125 patients with detailed clinical information, 128 (11%) 
had at least 1 in-hospital complication. Cardiac complications 
and secondary bacterial/fungal infections were the most com-
mon (Table 4). No significant differences were found in the 
percentage of patients with postinfectious complications 
by age group (P = .08, χ2 test; Table 4), by vaccination status 
(P = .16), or by presence of an underlying chronic condition 
(P = .85) (data not shown).

DISCUSSION

In this analysis of population-based surveillance for influenza- 
associated hospitalization in Toronto, Canada, we assessed the 
burden of illness in adults aged 50–64 years with and without 
different underlying conditions known to increase the risk of 
influenza-related complications. As expected, burden increased 
steadily with age. The highest incidence of hospitalization was 
in immunocompromised persons, but any underlying chronic 
condition increased the rate of hospitalization in 50- to 64-year-olds 
to between 2.5 and 9 times the rate of hospitalization in healthy 
65- to 74-year-olds.

Our data support current Canadian recommendations to prior-
itize influenza vaccination for adults aged <65 years with risk fac-
tors for complications.In persons aged 50–64 years, >80% of 

hospital admissions occurred in persons with risk factors for influ-
enza complications, and the incidence of hospitalization was near-
ly 7-fold higher in persons with risk factors compared to those 
without. Cost-effectiveness analyses will be required to determine 
whether age-based recommendations for 50- to 64-year-olds will 
be warranted for newer influenza vaccines; these analyses and pro-
grammatic decisions should take into consideration the fact that 
age-based recommendations are easier to implement than risk- 
based recommendations and may result in overall higher vaccine 
uptake in risk groups [25]. The degree of increase in incidence as-
sociated with underlying chronic conditions in our study is similar 
to that estimated by modeling studies [26, 27], which suggests that 
despite the limitations of both types of studies, the relative inci-
dence is useful for parameterizing cost-effectiveness studies.

Our estimated rate of hospitalization (22.4 per 100 000) was 
within the range of incidence among 50- to 64-year-olds 
(5.7–112.8 per 100 000) identified in a recent rapid review 
and similar to that reported from Canadian national surveil-
lance data (26 per 100 000) [8, 15]. It is, however, significantly 
less than the estimate from the US Influenza Hospitalization 
Surveillance Network (FluSurv-NET) for the same years (40.8 
per 100 000 adults aged 50–64 years) [6]. This difference is 
most likely due to higher testing rates and fewer missed cases 
in US surveillance. Other potential factors may include differ-
ences in the prevalence of different underlying comorbidities, 
in healthcare-seeking behavior, or in vaccination coverage be-
tween the 2 populations. Data on influenza vaccination cover-
age are not available for Ontario adults aged 50–64, but 
national coverage was reported to be 39% in this age group 
in 2015–2016 [28] compared to US national coverage of 44% 
in the same year [29]. Thus, differences in vaccination coverage 
(eg, in those with underlying medical conditions) are an unlike-
ly explanation for the observed differences in influenza hospi-
talization rates.

Evidence from FluSurv-Net, in which the adjustment of 
crude hospitalization rates to account for the percentage of ad-
mitted patients with respiratory illness tested for influenza and 
the sensitivity and specificity of laboratory tests, resulted in a 

Table 2. Burden of Laboratory-Confirmed Influenza Stratified by Age Group, Toronto and Peel Region, 2010–2011 to 2016–2017

Age Group, y Hospitalizations Deaths
ICU  

Admissions

Average Annual  
Hospitalization Rate  

(per 100 000)

Average Annual  
Mortality Rate  
(per 100 000)a

Case Fatality  
(% Hospitalized)a

ICU Admissions  
(% Hospitalized)

18–49 1043 17 144 7.5 0.1 1.8 14.9

50–64 1228 49 215 22.4 0.9 4.4 19.1

50–54 333 12 67 15.6 0.6 4.0 22.3

55–59 393 19 73 20.9 1.0 5.2 20.1

60–64 502 18 75 33.2 1.2 3.9 16.3

65–74 1282 57 174 45.9 2.0 4.8 14.6

≥75 4409 399 373 408.7 37.0 9.8 9.1

Abbreviation: ICU, intensive care unit.  
aMortality, case fatality, and ICU admission rate calculations included only patients for whom clinical data from chart review were available: 18–49 years (n = 966), 50–64 years (n = 1125), 65–74 
years (n = 1188), and ≥75 years (n = 4087).
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2.5- to 4-fold increase in the estimated incidence of hospitaliza-
tion [30]. Other studies have found that only 28% of pediatric 
patients hospitalized for influenza were clinically identified 
[31], and the degree of underdetection was greater in adults, es-
pecially older adults [32]. The burden of severe influenza will be 
further underestimated because some patients present with 
complications after viral shedding is controlled and no longer 
detectable [33] or experience out-of-hospital deaths [34]. 
These latter complications are often due to cardiovascular 
events and the extent of this added burden is uncertain. 
Some recent modeling data suggest that cardiovascular 

complications of influenza are less common in 50- to 
64-year-olds than in those ≥65 years of age [35].

Estimates of burden of illness due to influenza also need to 
take into consideration the impact of existing vaccination pro-
grams. As noted, although vaccine coverage data are not avail-
able for 50- to 64-year-olds in Ontario, the seasonal influenza 
vaccination rate in hospitalized cases (33%) was somewhat low-
er than Canada’s national coverage estimate for adults aged 45– 
64 years (39%) in 2015–2016, which is compatible with expect-
ed vaccine effectiveness in reducing hospitalizations [28]. The 
existing burden of influenza would be expected to be reduced 

Figure 1. Incidence of hospitalization (A) and in-hospital mortality (B) in 50- to 64-year-old residents of Toronto and Peel region with laboratory-confirmed influenza, by 
age group and influenza season. Incidence for those aged 50-54 years is shown in solid grey bars, for those 55-59 years in solid black bars and for those aged 60-65 years 
in striped bars.
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significantly if coverage could be improved to meet national 
targets (80% for adults 18–64 years of age with chronic medical 
conditions) [36].

This analysis has several limitations. As noted, there are sev-
eral reasons why the estimated incidence of burden described 
in this analysis is likely significantly lower than the actual bur-
den. We were not able to estimate the extent of undertesting in 
all of our hospitals in each of the study years, which would have 
permitted adjustment of our estimates. However, results across 
age groups should provide unbiased comparisons. Our estimat-
ed incidence of hospitalization and mortality are also somewhat 
underestimated as 8.4% of patients/substitute decision makers 
declined study participation. Similarly, although in previous 
case series of influenza <10% of cases were readmitted—and 
in our population area most would be readmitted to the same 
hospital—we may have missed an additional small number of 
deaths [37, 38]. Our identification of underlying illness by chart 
review may not accurately capture all underlying illnesses. 

Because ICES risk condition definitions were not available until 
late in the surveillance period, our definitions of conditions 
predisposing to influenza-related complications were not iden-
tical to ICES categories. This is most evident for anemia where 
our definition was based on hematocrit at admission while 
ICES definition was based on anemia being recorded in a 
health administrative database. ICES was also only able to 
capture those who were immunocompromised by HIV 
infection or solid organ/stem cell transplantation, so we 
were unable to estimate rates of hospitalization for other im-
munocompromising conditions. Our data on the population 
prevalence of morbid obesity is based on data available for 
the years 2015–2020, somewhat later than our surveillance 
years, and is based on self-report, which underestimates 
BMI. However, Statistics Canada applies adjustments based 
on a validation substudy [23, 39].

In conclusion, our analysis provides evidence of the signifi-
cance of the burden of severe influenza in 50- to 64-year-olds 

Table 3. Burden of Laboratory-Confirmed Influenza Among 50- to 64-Year-Olds, by Major Underlying Conditions as Defined by ICES, Toronto and Peel 
Region, 2010–2011 to 2016–2017

Underlying Conditiona
No. 

Hospitalized
Average Annual Hospitalization 

Rate (per 100 000)
Average Annual Mortality 

Rate (per 100 000)
Case Fatality, No. (%) of 

Hospitalized
ICU Admission, No (%) of 

Hospitalized

None 200 6.1 0.3 9 (4.5) 47 (23.5)

At least 1 926 41.0 1.8 40 (4.3) 168 (18.2)

Specific conditions

Asthma 215 35.0 0.8 5 (2.3) 31 (14.4)

Diabetes mellitus 345 39.8 1.4 12 (3.5) 64 (18.6)

COPD 231 41.4 1.6 9 (3.9) 48 (20.8)

Cancer 204 67.3 4.3 13 (6.4) 24 (11.8)

Cardiac disease 299 72.1 3.6 15 (5.0) 52 (17.4)

Kidney disease 123 137.5 5.6 5 (4.1) 22 (17.9)

HIV infection or 
organ transplant

114 281.2 9.9 4 (3.5) 13 (11.4)

Anemia 348 129.8 7.1 19 (5.5) 81 (23.3)

Morbid obesityb 54 34.0 0.6 1 (1.9) 14 (26.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ICU, intensive care unit.  
aThe population prevalence estimates for each underlying conditions (except morbid obesity) and their clinical definitions were as available from ICES (formerly the Institute of Clinical and 
Evaluative Sciences) (Supplementary Table 2).  
bThe population prevalence estimate for morbid obesity was obtained from Statistics Canada, Canadian Community Health Survey (2015–2020).

Table 4. Incidence of Complications Among Adults Aged 50–64 Years Hospitalized for Influenza, Toronto and Peel Region, 2010–2011 to 2016–2017

Age Group, y No. of Hospitalizations

No. (%) Experiencing Complication

Anya Cardiac Complicationb Bacterial/Fungal Infectionc Clostridioides difficile Colitis Acute Renal Failure

50–64 1125 128 (11) 87 (8) 85 (8) 9 (1) 29 (3)

50–54 301 41 (14) 21 (7) 31 (10) 0 (0) 8 (3)

55–59 364 45 (12) 29 (8) 29 (8) 3 (1) 13 (4)

60–64 458 42 (9) 37 (8) 25 (5) 6 (1) 8 (2)
aAny complication occurring in the first 30 days of the hospitalization for influenza including cardiac complications, stroke, seizure, C. difficile colitis, acute renal failure, fracture, complicating 
bacterial/fungal infection.  
bCardiac complications include: myocardial infarction, unstable angina, new arrhythmia, and episodes of atrial fibrillation.  
cComplicating infections included 1 case of endocarditis, 38 other bloodstream infections (14 Staphylococcus aureus, 7 Streptococcus pneumoniae, 6 Escherichia coli, 2 each Haemophilus 
influenzae, Pseudomonas aeruginosa, viridans group streptococci, and 1 each Streptococcus pyogenes, Klebsiella pneumoniae, Citrobacter koseri, Enterococcus faecalis, and Candida 
glabrata; 2 cases of empyema; and 44 cases of possible pneumonia (26 S aureus, 11 S pneumoniae, 4 H influenzae, 2 S pyogenes, and 1 Moraxella catarrhalis).
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despite the existence of a long-standing universal publicly 
funded influenza vaccination program in our population 
area. While improving vaccine coverage would provide the 
greatest benefit, assessment of the potential benefits of en-
hanced influenza vaccines is also warranted.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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