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During the 2013/14 influenza season in Canada, 631 
of 654 hospitalisations for laboratory-confirmed 
influenza enrolled in sentinel hospitals were due to 
Influenza A. Of the 375 with known subtype, influenza 
A(H1N1) accounted for 357. Interim unmatched vaccine 
effectiveness adjusted for age and presence of one or 
more medical comorbidities was determined by test-
negative case–control design to be 58.5% (90% con-
fidence interval (CI): 43.9–69.3%) overall and 57.9% 
(90% CI: 37.7–71.5) for confirmed influenza A(H1N1).

In the context of the first influenza season in Canada 
since the 2009 influenza pandemic to be marked by 
the predominant circulation of A(H1N1)pdm09 virus, 
we provide a critical interim assessment of overall and 
age-stratified 2013/14 influenza vaccine effectiveness 
against laboratory-confirmed influenza-associated 
hospitalisation. We describe the clinical and epide-
miological characteristics of severe cases of influenza, 

defined as those requiring intensive care unit (ICU) 
admission, mechanical ventilation or resulting in 
death, who were hospitalised up to 8 February 2014 in 
the hospitals of the Public Health Agency of Canada/
Canadian Institutes of Health Research (PCIRN) Serious 
Outcomes Surveillance (SOS) Network. The PCIRN SOS 
Network was established in 2009 to prospectively 
monitor annual seasonal influenza vaccine effective-
ness in the prevention of laboratory-confirmed influ-
enza-related hospitalisation in Canadian adults using 
a test-negative case–control design. 

In Canada, annual influenza vaccine is recommended 
for all persons aged six months to 59 months or 65 
years and older, and for persons of any age with medi-
cal comorbidities placing them at higher risk of severe 
influenza and its complications resulting in hospitali-
sation or death [1]. More than 98% of influenza vaccine 
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provided to adults is intramuscular split-virus trivalent 
inactivated influenza vaccine (TIV). 

Hospital-based surveillance 
The PCIRN SOS Network comprises 40 adult academic 
and community hospitals in seven of the 10 Canadian 
provinces and three territories (New Brunswick, Nova 
Scotia, Quebec, Ontario, Manitoba, Alberta and British 
Columbia), accounting for ca 18,000 adult acute care 
hospital beds. For the 2013/14 season, beginning on 
15 November 2013, trained SOS Network surveillance 
study staff (monitors) reviewed all daily admissions of 
people 16 years and older to medical and coronary ICU 
and medical wards (e.g. cardiology, respirology, fam-
ily medicine, geriatric medicine, internal medicine) to 
identify eligible patients. Eligible patients were at least 
16 years-old and admitted to participating hospitals 
with the following clinical presentations: pneumonia, 
acute exacerbation of chronic obstructive pulmonary 
disease or asthma, unexplained sepsis, any other res-
piratory infection or diagnosis, or any respiratory or 
influenza-like symptom (e.g. dypsnoea, cough, sore 
throat, myalgia, arthralgia, fever). One day per week, 
beginning when the local laboratory reported two or 
more positive influenza tests or when the local labo-
ratory reported one or more positive influenza tests in 
two consecutive weeks, patients were screened who 
were admitted on that day with a triage temperature 
≥37.5 °C associated with one of the following: acute 
coronary syndrome (e.g. myocardial infarction, unsta-
ble angina), any other cardiac diagnosis (e.g. atrial 
fibrillation, other arrhythmia, myocarditis), or stroke. 

In hospitals associated with the Toronto Invasive 
Bacterial Diseases Network (TIBDN), influenza testing 
was performed seven days per week as routine clinical 
practice. A temperature cut-off of ≥37.5 °C was used in 
this subgroup of patients in order to attempt to mini-
mise false-negative influenza PCR results associated 
with lag between influenza infection and related car-
diac and stroke hospitalisations.  

Nasopharyngeal swabs were collected from all eligi-
ble patients as part of routine clinical care or by the 
SOS Network monitor. The specimens were tested for 
influenza by reverse-transcriptase PCR (RT-PCR) or 
viral culture in the local hospital or public health labo-
ratory according to routine local testing procedures. 
SOS Network monitors collected detailed demographic 
information, medical and surgical history, details of 
presenting illness, hospitalisation details including 
management and healthcare utilisation, discharge 
and 30-day post-discharge outcomes. The 2013/14 
influenza immunisation history was collected from 
the patient or their caregiver and, if possible, verified 
with their immunisation provider or an immunisation 
registry. Patients were considered immunised if they 
reported receipt of a current-season influenza vaccine 
more than two weeks before onset of their symptoms. 
Only the subset of severe, life-threatening influenza 
requiring ICU admission, mechanical ventilation or 
causing death is described here in detail. 

The study was approved by the Research Ethics Boards 
of participating institutions and consent procedures 

Figure
Laboratory-confirmed influenza cases and test-negative controls admitted to PCIRN SOS Network hospitals by week and 
virus subtype, 15 November 2013–8 February 2014 (n=1,844)

PCIRN SOS Network: Public Health Agency of Canada/Canadian Institutes of Health Research Serious Outcomes Surveillance Network.
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followed local research ethics board requirements 
(clinical trial resgistration number: NCT01517191).

Estimation of influenza vaccine 
effectiveness
All eligible patients hospitalised between 15 November 
2013 and 8 February 2014 who underwent influenza 
testing and whose self-reported 2013/14 influenza 
immunisation status was available, were included 
in this interim analysis of vaccine effectiveness (VE). 
Hospitalised patients with a positive laboratory-test 
for influenza were defined as cases and those testing 
negative for influenza within seven days of onset of 
illness were defined as controls. Odds ratios (OR) for 
influenza vaccination among cases and controls were 
calculated and VE was estimated as (1−OR) x 100% by 
logistic regression adjusting for age and presence of 
one or more comorbidities. Overall adjusted VE and VE 
stratified by age (patients 65 years or older vs patients 
younger than 65 years) are presented. 

Interim estimates of influenza vaccine 
effectiveness
A total of 654 hospitalised influenza cases and 1,190 
hospitalised test-negative controls were enrolled 
between 15 November 2013 and 8 February 2014 and 
included in the interim analysis. Weekly incidence of 
laboratory-confirmed influenza among adults hospital-
ised in SOS Network sites by subtype is shown in the 
Figure. Overall, 631 of 654 (96.5%) of admissions were 

due to influenza A; of those with a known subtype, 
influenza A(H1N1) accounted for 357 of 375 (95.2%).

The mean age of patients admitted with laboratory-
confirmed influenza and of test-negative controls was 
58.5 years (range: 16–98 years) and 67.9 years (17–104 
years), respectively; 406 of 654 cases (62.1%) and 444 
of 1,190 test-negative controls (37.3%) were under 65 
years of age, and 51.1% in both groups were female 
(Table 1). Among those for whom a medical history was 
available, 88.6% of cases and 94.9% of test-negative 
controls had one or more medical comorbidities pre-
disposing to complications of influenza. Some 34.7% 
of cases and 61.6% of test-negative controls reported 
receipt of the 2013/14 influenza vaccine. 

The overall and age-stratified VE for the prevention of 
laboratory-confirmed influenza-related hospitalisa-
tion in Canadian adults are shown in Table 2. Overall 
interim VE of 2013/14 influenza vaccines in persons 16 
years and older, adjusted for age and the presence of 
one or more medical comorbidities, was 58.5% (90% 
CI: 43.9–69.3). Among adults 65 years and older, the 
interim adjusted VE was 58.1% (90% CI: 35.4–72.8) 
and among adults under 65 years of age, the interim 
adjusted VE was 60.3% (90% CI: 39.4–74.0). Overall 
adjusted VE against confirmed influenza A(H1N1) was 
57.9% (90% CI: 37.7–71.5). 

Table 1
Clinical and demographic characteristics of laboratory-confirmed influenza cases and test-negative controls, Canada, 15 
November 2013–8 February 2014 (n=1,844)

Characteristics Cases (N=654)
n (%)

Controls (N=1,190)
n (%)

Total (N=1,844)
n (%) p valuea

Mean age (range)
      16–49 years
      50–64 years
      65–75 years
      >75 years

58.5 (16–98)
187 (28.6)
219 (33.5)
123 (18.8)
125 (19.1)

67.9 (17–104)
162 (13.6)
282 (23.7)
287 (24.1)
459 (38.6)

64.6 (16–104)
349 (18.9)
501 (27.2)
410 (22.2)
584 (31.7)

0.00
0.00

-
-
-

Female     334 (51.1) 608 (51.1) 942 (51.1) 1.00
Inclusion criteria at enrollment
      Pneumonia
      Acute exacerbation of  COPD or    
            asthma
      Unexplained sepsis
      Any other acute respiratory illnessb

      Acute coronary syndromec,d

      Any other cardiac diagnosisc,d

      Strokec,d

186 (28.4)
131 (20.0)

16 (2.4)
414 (63.3)

1 (0.2)
4 (0.6)
0 (0)

524 (44.0)
283 (23.8)

49 (4.1)
521 (43.8)

4 (0.3)
4 (0.3)
1 (0.1)

710 (38.5)
414 (22.5)

65 (3.5)
935 (50.7)

5 (0.3)
8 (0.4)
1 (0.1)

0.00
0.07

0.07
0.00
0.66
0.47
1.00

One or more comorbidities 257/290 (88.6) 351/370 (94.9) 608/660 (92.1) 0.004
Received 2013/14 influenza vaccine 227 (34.7) 733 (61.6) 960 (52.1) 0.000

COPD: Chronic obstructive pulmonary disease.
a	 Cases versus controls.
b	 Includes those with any other respiratory infection or diagnosis or any respiratory or influenza-like symptom (e.g. dypsnoea, cough, sore 

throat, myalgia, arthralgia, fever).
c	 Includes only patients with a documented temperature of ≥37.5 °C at triage in the Emergency Department.
d	 Surveillance for acute coronary syndrome, other cardiac diagnoses and stoke was performed in SOS Network Sites outside of the Greater 

Toronto, Ontario sites only one day per week once influenza was known to be circulating locally.
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Clinical and epidemiological characteristics 
of patients with severe laboratory-
confirmed influenza 
Overall, 20.6% of the 654 hospitalised influenza 
cases admitted to SOS Network hospitals were 
severe, defined as requiring ICU admission, mechani-
cal ventilation, or resulting in death. The mean age of 
severe cases was 58.6 years (22–98 years); 68.1% of 
severe cases were younger than 65 years (Table 3). 
Of the severe cases with available medical records, 
84.7% had one or more comorbidities associated with 
increased risk of influenza complications. Of the severe 
cases, 33.9% reported receipt of the 2013/14 influenza 
vaccine (39.0% of cases with underlying comorbidity 
vs 5.3% of cases with no comorbidity; p=0.003). Until 
8 February 2014, the overall mortality among hos-
pitalised cases has been 4.9%, and of 32 deaths, 18 
occurred in patients under the age of 65 years.

Discussion
The 2013/14 influenza season in Canada has been 
dominated by influenza A(H1N1)pdm09 virus. Current 
data suggest that the virus circulating in Canada is 
well matched to the recommended vaccine strain; 84% 
of strains tested were A/California/07/2009-like influ-
enza A(H1N1) [2]. Our interim VE estimates confirm 
moderate but clinically and statistically significant 
protection against serious influenza outcomes of clini-
cal and public health importance. Our findings further 
suggest important potential changes in the epidemi-
ology of severe, hospitalised influenza A(H1N1) com-
pared with the 2009 pandemic, including an increase 
in the median age and the proportion of patients with 
comorbidity [3]. Furthermore, while overall mortality 
was 4.9%, similar to that observed during the 2009 
influenza A(H1N1) pandemic [3], seasonal circulation of 
influenza A(H1N1) in 2013/14 was associated with need 
for admission to an ICU in 19% (90% CI:16.5–21.7%) 
of adults hospitalised in SOS Network hospitals com-
pared with 29% during the pandemic, suggesting a 
shift in the epidemiology of influenza A(H1N1) to less 
severe disease more typical of seasonal influenza out-
breaks. ICU admission was required in 12.7% (90% CI 
10.5–15.1%) during the influenza B-dominated 2011/12 
season and 14.9% (13.3–16.6%) during the influ-
enza A(H3N2)-dominated 2012/13 season (PCIRN SOS 
Network, unpublished data).  

Rates of ICU admission among patients admitted to 
hospital with laboratory-confirmed influenza during 
the pandemic are readily available from many countries 
and range from a low of 10% in the United Kingdom and 
the Netherlands to highs of 25% to 30% in the United 
States (US) [4-8]. Fewer studies report rates of ICU 
admission among patients admitted with laboratory-
confirmed seasonal influenza, and rates vary widely by 
season and virus type/subtype [9-12]. Over three influ-
enza seasons (2005–08) in the US, 14% of hospitalised 
influenza cases required ICU admission while in the 
2010/11 season, ICU admission was required for 25.5% 
of influenza A(H1N1), 13.5% of A(H3N2) and 15.9% of 

influenza B cases in the US and 27% of influenza A and 
15% of influenza B hospitalisations in Australia [9-11]. 
In Spain, 24.4% of hospitalised patients with influenza 
in 2010/11 required admission to ICU [12].  

The majority of patients requiring admission to an 
ICU, requiring mechanical ventilation or who died in 
SOS Network hospitals during the 2013/14 season had 
underlying medical comorbidities known to increase 
the risk of influenza complications and making them 
eligible for free influenza vaccine. Despite this, vac-
cine coverage in this high-risk group was only 39%; of 
those with severe disease, only 33% overall and 21.7% 
of those under 65 years of age had been vaccinated.

Our interim adjusted point estimate for VE against lab-
oratory-confirmed influenza-related hospitalisation of 
58.5% (90% CI: 43.9–69.3) is similar to that reported in 
the United States (61%; 95% CI: 52–68) [13] but lower 
than that reported by the outpatient sentinel surveil-
lance network for prevention of medically attended 
laboratory-confirmed influenza (74%; 95% CI: 58–83) 
[14]. This is not surprising given that the population 
captured by the outpatient sentinel surveillance net-
work is dominated by healthy working –age adults with 
comparatively few underlying medical comorbidities 
while the PCIRN SOS Network assesses VE in a cohort 
of hospitalised patients who were older (median age: 
65 vs 37 years) and much more likely to have underly-
ing medical comorbidities (92 vs 22%) [14,15]. Although 
lower than that observed for medically attended influ-
enza in the community, effectiveness of the 2013/14 

Table 2
Interim assessment of 2013/14 influenza vaccine 
effectiveness in the prevention of laboratory-confirmed 
influenza-related hospitalisation in adults, Canada, 15 
November 2013–8 February 2014 (n=1,844)

Vaccine 
effectiveness 
estimate (%)

90% confidence 
interval

Unadjusted
All influenza strains
      Overall
      Age ≥65 years
      Age <65 years 

66.9
59.4
57.3

60.8–72.0
47.9, –68.3
45.2–66.6

Confirmed influenza A(H1N1)
      Overall
      Age ≥65 years
      Age <65 years

66.8
57.4
59.7

59.2–73.0
41.8–68.8
45.2–70.4

Adjusteda

All influenza strains
      Overall
      Age ≥65 years
      Age <65 years

58.5
58.1
60.3

43.9–69.3
35.4–72.8
39.4–74.0

Confirmed influenza A(H1N1)
      Overall
      Age ≥65 years
      Age <65 years

57.9
63.1
54.2

37.7–71.5
34.7–79.1
21.6–73.2

a Adjusted for age and presence of one or more comorbidities.
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seasonal influenza vaccines in the prevention of seri-
ous, clinically important outcomes in adults of all ages 
was substantial, with reduction of influenza-associ-
ated hospitalisations of approximately 55–60%. As of 
5 March 2014, the only other published study to report 
interim estimates of 2013/14 influenza VE against 
laboratory-confirmed hospitalisation is from Navarre, 
Spain, and reported lower overall and A(H1N1) specific 
VE [16]. However, potential differences in health sys-
tems, health seeking behaviour, number of cases and 
patterns of virus circulation (60% A(H3N2) and 40% 
A(H1N1) in the Navarre study) preclude a meaningful 
comparison with the present study. 

Our findings are subject to at least two limitations. 
Firstly, as with other observational assessments of 
influenza vaccine effectiveness, the existence of bias 
and residual confounding cannot be excluded. We 
employed the test-negative case–control design, the 
currently preferred observational approach to assess-
ing influenza vaccine effectiveness, to minimise mis-
classification and indication bias [17]. Secondly, while 
we are collecting data on numerous covariates in an 
attempt to adjust for potential confounders, these data 
were unavailable for the interim analysis. Consequently, 
the end-of-season, fully adjusted, VE estimates may be 
different. Although this has not been the experience of 
the Canadian outpatient sentinel surveillance network 
for the 2012/13 influenza season, the I-MOVE network 
in Europe reported important, but not statistically sig-
nificant, differences between mid-season and end-of-
season VE estimates [14,18].

Our findings highlight that important public health 
benefits of influenza vaccination are lost to poor 
immunisation coverage rates in some at-risk popula-
tions. Targeted public health messaging is important to 
encourage adults of all ages with medical comorbidity 
to seek annual influenza vaccination. The 2013/14 sea-
son has been unique in that it is the first predominant 
influenza A(H1N1) season since the 2009 pandemic, 
allowing us to characterise potential changes in the 
epidemiology and clinical severity of influenza A(H1N1)
pdm09 as it becomes a seasonal virus. These data are 
important to guide public health risk communication 
and inform immunisation, prevention, and treatment 
recommendations for the 2014/15 season, which are 
currently being developed by National Immunization 
Technical Advisory Groups (NITAGS) in many countries 
around the world, including the Canadian National 
Advisory Committee on Immunization (NACI). 

While the demonstrated effectiveness of 58% against 
serious disease due to influenza is modest, it argu-
ably represents a significant clinical, public health 
and health service/cost benefit, given the burden of 
severe disease resulting in hospitalisation and its 
downstream complications including ICU admission, 
pneumonia, disability and death.  While our data for 
the current vaccine suggests prevention of almost 
60% of influenza hospitalisations with vaccination in 

a well matched influenza A(H1N1)-dominated season 
affecting predominantly younger adults with comor-
bidity, the unchanged vaccine recommended by the 
World Health Organization for the 2014/15 season may 
have very different effectiveness (better or worse) in 
the coming season depending on circulating strains 
and vaccine match. While an anticipated VE of 58% 
against hospitalisation is reasonable given the effec-
tiveness observed in 2013/14, ongoing surveillance 
and mid-season estimates during the coming season 
will be critical to ensure that the vaccine is performing 
as anticipated and to provide early signal of possible 
drift, should the VE be lower than anticipated.

Table 3
Clinical and demographic characteristics of severe 
laboratory-confirmed influenza resulting in admission to 
an intensive care unit, mechanical ventilation or death, 
Canada, 15 November 2013–8 February 2014 (n=135)

Characteristic

Death, ICU or 
mechanical 

ventilation (N=135)
n (%)

Mean age (range)
    16–49 years
    50–64 years
    65–75 years
    >75 years

58.6 (22–98)
35 (25.9)
57 (42.2)
24 (17.8)
19 (14.1)

Female     61 (45.2)
Received 2013/14 influenza vaccine
    Overall
    16–49 years
    50–64 years
    65–75 years
    >75 years

45 (33.3)
2 (5.7)

18 (31.6)
13 (54.2)
12 (63.2)

Influenza type
    Influenza A
        A(H1N1)
        A(H3N2)
        A (subtype unknown)
    Influenza B       

 131 (97.0)
84 (62.2)

3 (2.2)
44 (32.6)

4 (3.0)
One or more comorbidity
    Yesa

        Diabetes (no end-organ complications)
        Diabetes with complications
        Cardiac disease
        Pulmonary disease
            Asthma
            COPD
        Renal disease
        Neuromuscular disease
        Cancer    
    No
    Unknown    

105/124 (84.7)
33/124 (26.6)

8/124 (6.5)
39/118 (33.1)
50/124 (40.3)
13/124 (10.5)
28/124 (22.6)
14/121 (11.6)
16/121 (13.2)
20/121 (16.5)
19/124 (15.3)
11/135 (8.1)

Deaths
    Mean age (range)
    16–49 years
    50–64 years
    65–75 years
    ≥75 years

32/654 (4.9)
64.8 (28–98)

6 (18.8)
12 (37.5)
5 (15.6)
9 (28.1)

COPD: Chronic obstructive pulmonary disease; ICU: intensive care 
unit.
a	 Comorbidities reported as rates among those with available 

data; denominator represents number of patients in whom this 
data point was available.
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