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The 2014/15 influenza season to date in Canada has 
been characterised by predominant influenza A(H3N2) 
activity. Canada’s Sentinel Physician Surveillance 
Network (SPSN) assessed interim vaccine effective-
ness (VE) against medically attended, laboratory-
confirmed influenza A(H3N2) infection in January 
2015 using a test-negative case–control design. Of 
861 participants, 410 (48%) were test-positive cases 
(35% vaccinated) and 451 (52%) were test-negative 
controls (33% vaccinated). Among test-positive cases, 
the majority (391; 95%) were diagnosed with influenza 
A, and of those with available subtype information, 
almost all influenza A viruses (379/381; 99%) were 
A(H3N2). Among 226 (60%) A(H3N2) viruses that were 
sequenced, 205 (91%) clustered with phylogenetic 
clade 3C.2a, considered genetically and antigenically 
distinct from the 2014/15 A/Texas/50/2012(H3N2)-like 
clade 3C.1 vaccine reference strain, and typically bear-
ing 10 to 11 amino acid differences from the vaccine 
at key antigenic sites of the haemagglutinin protein. 
Consistent with substantial vaccine mismatch, little 
or no vaccine protection was observed overall, with 
adjusted VE against medically attended influenza 
A(H3N2) infection of −8% (95% CI: −50 to 23%). Given 
these findings, other adjunct protective measures 
should be considered to minimise morbidity and mor-
tality, particularly among high-risk individuals. Virus 
and/or host factors influencing this reduced vaccine 
protection warrant further in-depth investigation.

Background
In Canada, the 2014/15 influenza season has been 
distinguished by an early and intense epidemic due 
almost exclusively (> 90%) to influenza A(H3N2) sub-
type viruses. Virtually all (> 99%) of these A(H3N2) 
viruses have been characterised as genetically and/or 
antigenically distinct from the A/Texas/50/2012(H3N2)-
like (clade 3C.1) vaccine reference strain used for both 
the current 2014/15 and prior 2013/14 northern hemi-
sphere influenza vaccines [1].

This profile of dominant influenza A(H3N2) activity is 
in sharp contrast to the 2013/14 season, when an early 
epidemic peak also occurred, but was instead due to 
predominant but antigenically well-conserved A(H1N1)
pdm09 viruses [2]. The 2014/15 season more closely 
resembles that of 2012/13, although the predominant 
vaccine-mismatched influenza A(H3N2) activity in that 
season in Canada was related to a different combina-
tion of vaccine-virus divergence, notably mutations 
in that season’s egg-adapted vaccine strain used for 
manufacturing, rather than antigenic drift in circulat-
ing viruses [3,4]. In some parts of Canada, an unprec-
edented number of influenza outbreaks in long-term 
care facilities (LTCF) were reported in association with 
vaccine mismatch in 2012/13 [4,5], but the mid-season 
tally for 2014/15 has already exceeded even that of 
2012/13 in some jurisdictions [5].

In response to surveillance signals suggesting subopti-
mal vaccine performance, Canada’s Sentinel Physician 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2015.20.4.21022&domain=pdf&date_stamp=2015-01-29


2 www.eurosurveillance.org

Surveillance Network (SPSN) assessed interim influ-
enza vaccine effectiveness (VE) in January 2015. VE 
findings are presented in the context of in-depth 
genetic and antigenic characterisation of contribut-
ing sentinel influenza A(H3N2) viruses, relevant to the 
upcoming selection of vaccine strains in February 2015 
by the World Health Organization (WHO) for the 2015/16 
northern hemisphere influenza vaccine. Findings are 
also considered in relation to virus-host interactions, 
notably the effects of influenza vaccination in the pre-
vious season on protection by the current season’s 
vaccine.

Methods

Epidemiological estimation of influenza 
vaccine effectiveness
As previously described [2-4,6,7], a test-negative case–
control design was used to estimate VE. Inclusion and 
exclusion criteria applied to the current dataset are 
shown in Figure 1. Patients presenting to community-
based practitioners at sentinel sites across participat-
ing provinces (British Columbia, Alberta, Ontario and 
Quebec) within seven days of onset of influenza-like 
illness (ILI) and testing positive for influenza were con-
sidered cases; those testing negative were considered 
controls. ILI was defined as acute onset of respiratory 

illness with fever and cough and one or more of the fol-
lowing symptoms: sore throat, arthralgia, myalgia, or 
prostration. Fever was not an eligibility requirement for 
elderly adults 65 years and older.

As annual influenza immunisation campaigns typically 
commence in October across Canada, and increased 
influenza virus circulation (exceeding 10% test-positiv-
ity) typically begins in early November, nasal or naso-
pharyngeal specimens collected from 1 November 2014 
(week 44) were eligible for inclusion in the primary VE 
analysis. Epidemiological information was obtained 
from consenting patients or their parent/guardian 
using a standard questionnaire at specimen collec-
tion. Ethics review boards in participating provinces 
approved this study.

Specimens were tested for influenza A (by subtype) 
and B viruses at provincial reference laboratories 
using real-time RT-PCR. Odds ratios (OR) for medi-
cally attended, laboratory-confirmed influenza by 
self-reported vaccination status were estimated by 
multivariable logistic regression. VE was calculated 
as (1 − OR) × 100%. Vaccine was administered to par-
ticipants during the seasonal immunisation campaign. 
Non-adjuvanted, inactivated, split trivalent influenza 
vaccine (TIV) is primarily used in Canada. Live attenu-
ated influenza vaccine (LAIV) is approved for individu-
als two to 59 years-old, including the trivalent but for 
the first time in Canada also the quadrivalent formu-
lation, and was publicly funded in the SPSN provinces 
of British Columbia, Alberta and Quebec. An adju-
vanted subunit TIV is approved for elderly Canadians 
and publicly funded in British Columbia and Ontario. 
Participants who received seasonal 2014/15 influenza 
vaccine at least two weeks before ILI onset were con-
sidered vaccinated. Those for whom vaccination timing 
was unknown or less than two weeks before ILI onset 
were excluded from primary analysis but explored 
in sensitivity analyses, as were participants whose 
comorbidity status was unknown. The effects of prior 
2013/14 influenza vaccine receipt on current vaccine 
protection were explored through indicator variable 
analysis.

Influenza vaccine manufacturers require an egg-
adapted, high-growth reassortant (HGR) version of 
the reference strain recommended by WHO for fur-
ther high-yield propagation in embryonated hens’ 
eggs. The HGR version of the WHO-recommended A/
Texas/50/2012(H3N2) reference strain [8] used by man-
ufacturers for both the 2014/15 and 2013/14 northern 
hemisphere influenza vaccines is called X-223A and 
differs from the A/Texas/50/2012(H3N2) prototype by 
three amino acids (aa) in antigenic sites of the haemag-
glutinin (HA) protein.

Laboratory characterisation of contributing 
sentinel viruses
The HA1 and HA2 regions of the HA gene from a con-
venience sample of sentinel influenza A(H3N2) viruses 

Figure 1
Specimen inclusion and exclusion criteria, interim 2014/15 
influenza vaccine effectiveness evaluation, Canadian 
Sentinel Physician Surveillance Network, 1 November 
2014−19 January 2015 (n = 861)

Specimens collected between 1 November 2014 and 19 January 2015

N=1 ,192

Excluded records ( n=331)a:
- ILI case definition unmet or unknown (n=54)
- Specimen collection date >7 days since ILI onset or ILI onset date 

unknown (n=160)
- Vaccination timing <2 weeks before ILI onset or unknown (n=55)
- Vaccination status unknown (n=17 )
- Age unknown or age <1 year (n=18)
- Co-morbidity status unknown (n=72)
- Sex unknown (n=4)
- Indeterminate PCR results (n=7)

Specimens collected between 1November 2014 and 19 January 2015
with valid data for primary vaccine effectiveness analysis

n=861

Cases
n=410

Controls
n=451

ILI: influenza-like illness.
a  Exclusions are not mutually exclusive; specimens may have >1 

exclusion criterion that applies. Counts for each criterion will 
sum to more than the total number of specimens excluded.
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from original patient specimens contributing to VE 
analysis were sequenced for phylogenetic and pair-
wise aa identity analysis based on antigenic maps 
spanning the 131 aa residues across HA1 antigenic 
sites A–E [4,6,7,9]. The approximate likelihood method 
was used to generate the phylogenetic tree of aligned 
translated sequences in FastTree [10], visualised in 
FigTree [11], including representative vaccine refer-
ence, HGR and clade-specific HA sequences shown in 
Table 1, kindly made available by the Global Initiative 
on Sharing All Influenza Data (GISAID), and using clade 
nomenclature specified by the European Centre for 
Disease Prevention and Control (ECDC) [12].

Historically, each new significant antigenic drift vari-
ant has, in general, had at least four aa substitutions 
located in at least two antigenic sites [13]. However, 
substitutions at antigenic sites A, B and D of the H3 

globular head located closest to the receptor-binding 
site (RBS) are typically considered most influential [14], 
with site B being emphasised as particularly immuno-
dominant among more recent influenza A(H3N2) strains 
[15]. Substitutions at just seven antigenic site posi-
tions, located in antigenic site A (position 145) and B 
(positions 155, 156, 158, 159, 189 and 193) have been 
emphasised in relation to all major A(H3N2) antigenic 
cluster transitions since 1968 [16]. Substitutions asso-
ciated with gain or loss of glycosylation may also influ-
ence antibody binding [17]. Sequencing findings among 
sentinel influenza A(H3N2) viruses are thus interpreted 
within these key antigenic considerations.

A convenience sample of influenza-positive specimens 
was also inoculated into Madin Darby Canine Kidney 
(MDCK) (British Columbia, Alberta, Quebec) or Rhesus 
Monkey Kidney (Ontario) cell culture for virus isolation. 

Table 1
Reference haemagglutinin sequences obtained from the EpiFlu database of the Global Initiative on Sharing All Influenza 
Data and used in phylogenetic analysis, 2014/15 Canadian Sentinel Physician Surveillance Network (n = 13)

Segment ID Country Collection 
date Isolate name Originating laboratory Submitting laboratory Authors

EPI539806 Hong Kong 
(SAR) 30 Apr 2014 A/Hong Kong/5738/2014 Government Virus 

Unit
National Institute for 

Medical Research

EPI539576 Hong Kong 
(SAR) 26 Feb 2014 A/Hong Kong/4801/2014 Government Virus 

Unit
National Institute for 

Medical Research

EPI426061 Hong Kong 
(SAR) 11 Jan 2013 A/Hong Kong/146/2013 Government Virus 

Unit
National Institute for 

Medical Research

EPI530647 Norway 3 Feb 2014 A/Norway/466/2014 WHO National 
Influenza Centre

National Institute for 
Medical Research

EPI460558 Russian 
Federation 12 Mar 2013 A/Samara/73/2013

WHO National 
Influenza Centre

Russian Federation

National Institute for 
Medical Research

EPI360950 Germany 3 Jul 2011 A/Berlin/93/2011 National Institute for 
Medical Research

Centers for Disease 
Control and Prevention

EPI530687 Switzerland 6 Dec 2013 A/Switzerland/9715293/2013
Hopital Cantonal 
Universitaire de 

Geneves

National Institute for 
Medical Research

EPI543062 Switzerland 1 Jan 2013 A/Switzerland/9715293/2013 
X-247

New York Medical 
College

Centers for Disease 
Control and Prevention

EPI551814 Australia 1 Jan 2014 IVR-176(A/
Switzerland/9715293/2013) CSL Ltd

WHO Collaborating 
Centre for Reference 

and Research on 
Influenza

Deng,Y-M.; 
Iannello,P.; 

Spirason,N.; 
Jelley,L.; Lau,H.; 

Komadina,N.

EPI377499 United States 15 Apr 2012 A/Texas/50/2012
Texas Department of 
State Health Services 
-Laboratory Services

Centers for Disease 
Control and Prevention

EPI407126 United States 1 Jan 2012 A/Texas/50/2012 X-223A New York Medical 
College

Centers for Disease 
Control and Prevention

EPI349103 Australia 24 Oct 2011 A/Victoria/361/2011 Melbourne Pathology

WHO Collaborating 
Centre for Reference 

and Research on 
Influenza

Deng,Y-M; 
Caldwell,N; 
Iannello,P; 

Komadina,N

EPI358038 Australia 1 Jan 2011 IVR-165(A/Victoria/361/2011)

WHO Collaborating 
Centre for Reference

and Research on 
Influenza

Centers for Disease 
Control and Prevention

WHO: World Health Organization.
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Aliquots of virus isolates were submitted to the National 
Microbiology Laboratory (NML), Canada’s influenza ref-
erence laboratory, for antigenic characterisation by hae-
magglutination inhibition (HI) assay using guinea pig 
erythrocytes [4,18] in relation to the cell-passaged A/
Texas/50/2012(H3N2)-like clade 3C.1 vaccine reference 
strain and the A/Switzerland/9715293/2013(H3N2)-like 
clade 3C.3a reference strain recommended for the 2015 
southern hemisphere vaccine [8]. To address potential 
neuraminidase-mediated binding of influenza A(H3N2) 
viruses to erythrocytes, the HI assay was conducted 
in the presence of 20 nM oseltamivir carboxylate fol-
lowing re-growth of viruses in MDCK-SIAT1 cells [19]. 
HI titres were recorded as the reciprocal of the highest 
ferret serum dilution at which inhibition of haemagglu-
tination was detected. Previously, a ≥ 4-fold reduction 
in post-infection ferret HI-antibody titre was consid-
ered a signal of antigenic distinction between the field 

isolate and vaccine reference strain, but this has more 
recently been revised to a ≥ 8-fold titre reduction [18]. 
Due to difficulties this season in growing influenza 
A(H3N2) viruses to sufficient titres for antigenic char-
acterisation by HI assay in the presence of oseltamivir 
carboxylate, genetic characterisation by sequencing 
at the NML and provincial public health laboratories 
was performed to infer antigenic properties of sentinel 
viruses, as also reported in national laboratory-based 
surveillance summaries in the United States [20] and 
Canada [1] for the current 2014/15 season.

Results

Epidemiological findings
A total of 1,192 specimens were submitted within the 
VE study period, of which 861 (72%) were included in 
primary VE analyses with collection dates between 3 

Figure 2
Laboratory detections of influenza by week and type/subtype, interim 2014/15 influenza vaccine effectiveness evaluation, 
Canadian Sentinel Physician Surveillance Network, 28 September 2014–19 January 2015 (n = 978)
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a Based on partial week.
Influenza percent positivity by week is shown above bars.
One participant in week 1 had co-infection with influenza A(H3N2) and influenza B; subtotals for influenza A and B will add to more than the 

total number of influenza positives.
Of the 1,286 nasal or nasopharyngeal specimens collected between week 40 (starting 28 September 2014) and week 3 (starting 18 January 

2015), we excluded 308 specimens from the epidemic curve: those failing to meet the influenza-like illness (ILI) case definition or for whom 
it was unknown (n=58), those whose specimens were collected more than seven days after ILI onset or for whom the interval was unknown 
(n=173), those whose age was unknown or who were younger than one year (n=20), those with unknown comorbidity status (n=80), those 
with unknown sex (n=4) and those for whom influenza test results were unavailable or indeterminate (n=9). Specimens were included 
regardless of the patient’s vaccination status or timing of vaccination. Missing collection dates were imputed as the laboratory accession 
date minus two days, the average time period between collection date and laboratory accession date for records with valid data for both 
fields. 

Note that the epidemic curve displays specimen collection and influenza detections from week 40 and regardless of the patient’s vaccination 
status or timing; as such, tallies do not match those in the text.
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November 2014 (week 45: 2–8 November 2014) and 19 
January 2015 (week 3: 18–24 January 2015) (Figure 1, 
Figure 2). Of these, 410 (48%) were test-positive cases 
and 451 (52%) were test-negative controls. Among 
test-positive cases, the majority (n = 391; 95%) were 
influenza A, and of those with subtype information 
available, almost all (379/381; 99%) were A(H3N2) 
(Figure 2, Table 2).

As in previous SPSN publications, adults 20–49 years-
old contributed the largest proportion of specimens 
(40%) (Table 3) [2-4,6,7]. However, compared with the 
2013/14 mid-season analysis [2], a significantly lower 
proportion of participants in 2014/15 were 20–49 
years-old (40% vs 50%; p < 0.01), more notable among 
cases (36% vs 53%; p < 0.01) than controls (44% vs 

48%; p > 0.05). Conversely, a greater proportion of par-
ticipants were elderly adults 65 years and older (16% 
vs 8%; p < 0.01), again more notable among cases (16% 
vs 4%; p < 0.01) than controls (15% vs 12%; p > 0.05) [2]. 
The proportion of female participants (62%) and those 
with chronic comorbidity (24%) were comparable to 
observations in the 2013/14 mid-season analysis (63% 
and 22%, respectively) [2].

When vaccination status was assessed without regard 
to timing of ILI onset, 166 of 470 (35%) controls self-
reported receipt of the 2014/15 influenza vaccine, 
comparable to the 2013/14 mid-season analysis (32%) 
[2] and the most recent influenza immunisation cover-
age survey for the general adult population in Canada 
(37%) [21]. Overall, 291 (34%) participants self-reported 

Table 2
Influenza virus characterisation by type and subtype, interim 2014/15 influenza vaccine effectiveness evaluation, Canadian 
Sentinel Physician Surveillance Network, 1 November 2014–19 January 2015 (n = 861)

Specimen Alberta
n (%)

British 
Columbia

n (%)

Ontario
n (%)

Quebec
n (%)

Overall
n (%)

Total 262 156 228 215 861
Influenza-negative 128 (49) 89 (57) 130 (57) 104 (48) 451 (52)
Influenza-positive 134 (51) 67 (43) 98 (43) 111 (52) 410 (48)
   Influenza Aa 131 (98) 63 (94) 96 (98) 101 (91) 391 (95)
      A(H3N2) 130 (99) 57 (90) 95 (99) 97 (96) 379 (97)
      A(H1N1)pdm09 0 (0) 0 (0) 1 (1) 1 (1) 2 (1)
      Subtype unknown 1 (1) 6 (10) 0 (0) 3 (3) 10 (3)
   Influenza Ba 3 (2) 4 (6) 2 (2) 11 (10) 20 (5)
Antigenic characterisation of A(H3N2) sentinel viruses by HI assayb

Total 6 1 0 0 7
A/Texas/50/2012-likec 0 0 0 0 0 
   < 4-fold reduced titre 0 0 0 0 0 
   ≥ 4-fold reduced titre 5 0 0 0 5 
   ≥ 8-fold reduced titre 5 0 0 0 5 
   Insufficient volume for HI assay 1 1 0 0 2
A/Switzerland/9715293/2013-likec 6 1 0 0 7 
   < 4-fold reduced titre 3 1 0 0 4 
   ≥ 4-fold reduced titre 3 0 0 0 3 
   ≥ 8-fold reduced titre 0 0 0 0 0 
Genetic characterisation of A(H3N2) sentinel viruses by sequencing
Total 104 30 28 64 226
Clade 3C.2a 98 (94) 17 (57) 27 (96) 63 (98) 205 (91)
Clade 3C.3x 5 (5) 13 (43) 0 (0) 1 (2) 19 (8)
Clade 3C.3 1 (1) 0 (0) 1 (4) 0 (0) 2 (1)

HI: haemagglutination inhibition.
a  One participant in Quebec had co-infection with influenza A(H3N2) and influenza B; subtotals for influenza A and B will add to more than 

the total number of influenza positives.
b  37 additional specimens (34 Alberta, 3 Quebec) submitted to the National Microbiology Laboratory for antigenic characterisation had 

insufficient titre to characterise by HI assay.
c  In two-way HI assay, anti-sera raised to the cell-passaged A/Switzerland/9715293/2013(H3N2) referent virus inhibited the homologous 

antigen at a titre of 320, equivalent to the titre in inhibiting the heterologous cell-passaged A/Texas/50/2012(H3N2) antigen. Conversely, 
anti-sera raised to the A/Texas/50/2012(H3N2) referent strain inhibited homologous antigen at an HI titre of 1280 and the heterologous A/
Switzerland/9715293/2013(H3N2) antigen at a titre of 80, a 16-fold titre reduction. These referent strains are antigenically distinct.
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receipt of the 2014/15 vaccine at least two weeks 
before ILI onset and were considered vaccinated for the 
purpose of VE analysis. Among vaccinated participants 
reporting vaccine type, the proportion that received 
LAIV was 10% (16/165) in those two to 59 years-old and 
47% (16/34) in those two to 19 years-old (i.e. all LAIV 
recipients were two to 19 years-old) (Table 3). The pro-
portion of vaccinated participants overall did not differ 
significantly between cases and controls (35% vs 33%; 
p = 0.43). As observed in previous publications of the 
SPSN [2-4,6,7], the vast majority of vaccinated partici-
pants in 2014/15 were repeat recipients, including 251 
of 283 (89%) who had also been vaccinated in 2013/14 
and 237 of 269 (88%) also vaccinated in 2012/13.

Crude VE against influenza A was −17% (95% CI: −55 
to 12%), and −21% (95% CI: −61 to 9%) against the 
dominant circulating A(H3N2) viruses (Table 4). With 
full adjustment for covariates, VE estimates increased 
to −4% (95% CI: −45 to 25%) and −8% (95% CI: −50 
to 23%) for influenza A and A(H3N2), respectively. 

Calendar time was the covariate most influential on 
adjusted VE. In sensitivity analyses, adjusted VE esti-
mates remained within 10% of the primary analysis 
with confidence intervals slightly wider but consist-
ently overlapping zero (Table 4). Among participants 
immunised in 2014/15 only, crude and adjusted VE esti-
mates were higher at ca 40–50% (vs unvaccinated par-
ticipants) compared with those immunised in 2013/14 
only or in 2013/14 and 2014/15 (<10%); however, con-
fidence intervals were wide and overlapping with the 
further reduced sample size (Table 4).

Laboratory findings
In total, 44 of 379 (12%) influenza A(H3N2)-positive 
specimens were submitted to Canada’s NML, of which 
just seven of 44 (16%), collected between 17 November 
and 18 December 2014, had sufficient titre for antigenic 
characterisation by HI assay when tested in the pres-
ence of oseltamivir carboxylate. All viruses were con-
sidered antigenically distinct from the cell-passaged 
A/Texas/50/2012-like vaccine reference strain and 

Table 3A
Profile of participants included in interim 2014/15 influenza vaccine effectiveness evaluation, Canadian Sentinel Physician 
Surveillance Network, 1 November 2014–19 January 2015 (n = 861)

Distribution by case status 
n (%)

Vaccination coverage within strata
n (%) vaccinateda

Overall Cases Controls p valueb Overall p valueb Cases Controls
N (%) 861 410 (48) 451 (52) 291 (34) 144 (35) 147 (33)
Age group (years) 0.08 < 0.01
1–8 102 (12) 48 (12) 54 (12)  18 (18) 12 (25) 6 (11)
9–19 109 (13) 62 (15) 47 (10) 19 (17) 13 (21) 6 (13)
20–49 344 (40) 146 (36) 198 (44) 93 (27) 36 (25) 57 (29)
50–64 172 (20) 87 (21) 85 (19) 64 (37) 36 (41) 28 (33)
≥ 65 134 (16) 67 (16) 67 (15) 97 (72) 47 (70) 50 (75)
Median (range) 39 (1–103) 39 (1–103) 39 (1–94) 0.98 NA NA NA
Sex < 0.01 < 0.01
Female 533 (62) 228 (56) 305 (68) 201 (38) 90 (39) 111 (36)
Male 328 (38) 182 (44) 146 (32) 90 (27) 54 (30) 36 (25)
Co-morbidityc 0.43 < 0.01
No 655 (76) 307 (75) 348 (77) 180 (27) 86 (28) 94 (27)
Yes 206 (24) 103 (25) 103 (23) 111 (54) 58 (56) 53 (51)
Province 0.11 < 0.01
Alberta 262 (30) 134 (33) 128 (28) 107 (41) 58 (43) 49 (38)
British Columbia 156 (18) 67 (16) 89 (20) 39 (25) 14 (21) 25 (28)
Ontario 228 (26) 98 (24) 130 (29) 87 (38) 42 (43) 45 (35)
Quebec 215 (25) 111 (27) 104 (23) 58 (27) 30 (27) 28 (27)

ILI: influenza-like illness; LAIV: live attenuated influenza vaccine; NA: not applicable.

a  Participants who received seasonal 2014/15 influenza vaccine at least two weeks before ILI onset were considered vaccinated; participants 
who received seasonal 2014/15 influenza vaccine less than two weeks before ILI onset were excluded from primary analysis but explored in 
sensitivity analysis. Vaccination status was based on self/parent/guardian report. Details related to special paediatric dosing requirements 
was not sought.

b  Differences between cases and controls or vaccinated and unvaccinated participants (based on overall sample to explore potential 
confounding) were compared using the chi-squared test or Wilcoxon rank-sum test.

c  Chronic co-morbidities that place individuals at higher risk of serious complications from influenza as defined by Canada’s National 
Advisory Committee on Immunization, including heart, pulmonary, renal, metabolic, blood, cancer and immunocomprising conditions or 
those that compromise management of respiratory secretions, or morbid obesity. Questionnaire answers were ‘yes,’ ‘no,’ or ‘unknown’ 
without specifying the co-morbidity.
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were instead antigenically similar to the cell-passaged 
A/Switzerland/9715293/2013-like reference strain 
(Table 2). Based on phylogenetic analysis, five of these 
viruses clustered with clade 3C.2a and two with an 
emerging clade of viruses awaiting official ECDC clade-
level designation and thus temporarily labelled in the 
current analysis as 3C.3x. Both clade 3C.3x viruses had 

an L157S substitution in antigenic site B and an N122D 
substitution in antigenic site A, as discussed below.

Of the 379 sentinel A(H3N2) viruses collected between 
11 November 2014 and 10 January 2015, 226 (60%) 
were sequenced; 205 (91%) belonged to clade 3C.2a, 
19 (8%) to our provisionally named clade 3C.3x, and 
two (1%) to clade 3C.3 (Table 2, Figure 3, Figure 4). 

Table 3B
Profile of participants included in interim 2014/15 influenza vaccine effectiveness evaluation, Canadian Sentinel Physician 
Surveillance Network, 1 November 2014–19 January 2015 (n = 861)

Distribution by case status 
n (%)

Vaccination coverage within strata
n (%) vaccinateda

Overall Cases Controls p valueb Overall p valueb Cases Controls
N (%) 861 410 (48) 451 (52) 291 (34) 144 (35) 147 (33)
Collection interval < 0.01 0.51
≤ 4 days 642 (76) 337 (82) 305 (68) 213 (33) 118 (35) 95 (31)
5–7 days 219 (25) 73 (18) 146 (32) 78 (36) 26 (36) 52 (36)
Median (range) 3 (0–7) 3 (0–7) 3 (0–7) < 0.01 NA NA NA
Calendar timed < 0.01 0.06
Week 45–46 31 (4) 5 (1) 26 (6)  5 (16) 1 (20) 4 (15)
Week 47–48 72 (8) 16 (4) 56 (12) 17 (24) 3 (19) 14 (25)
Week 49–50 173 (20) 78 (19) 95 (21) 57 (33) 31 (40) 26 (27)
Week 51–52 217 (25) 135 (33) 82 (18) 84 (39) 51 (38) 33 (40)
Week 53–1 221 (26) 102 (25) 119 (26) 74 (33) 32 (31) 42 (35)
Week 2–3 147 (17) 74 (18) 73 (16) 54 (37) 26 (35) 28 (38)
Received 2014/15 influenza vaccinea

Any vaccinatione 326/896 (36) 160/426 (38) 166/470 (35) 0.49 NA NA NA
≥ 2 weeks before ILI 
onset 291 (34) 144 (35) 147 (33) 0.43 NA NA NA

Received LAIVf 16/165 (10) 11/85 (13) 5/80 (6) 0.15 NA NA NA
Received adjuvanted 
vaccineg 27/51 (53) 11/21 (52) 16/30 (53) 0.95 NA NA NA

Prior vaccination history
Received 2013/14 
vaccineh 358/804 (45) 177/388 (46) 181/416 (44) 0.55 251/358 (70) <0.01 131/177 (74) 120/181 (66)

Received 2012/13 
vaccinei 343/761 (45) 178/377 (47) 165/384 (43) 0.24 237/343 (69) <0.01 127/178 (71) 110/165 (67)

a  Participants who received seasonal 2014/15 influenza vaccine at least two weeks before ILI onset were considered vaccinated; participants 
who received seasonal 2014/15 influenza vaccine less than two weeks before ILI onset were excluded from primary analysis but explored in 
sensitivity analysis. Vaccination status was based on self/parent/guardian report. Details related to special paediatric dosing requirements 
was not sought.

b  Differences between cases and controls or vaccinated and unvaccinated participants (based on overall sample to explore potential 
confounding) were compared using the chi-squared test or Wilcoxon rank-sum test.

c  Chronic co-morbidities that place individuals at higher risk of serious complications from influenza as defined by Canada’s National 
Advisory Committee on Immunization, including heart, pulmonary, renal, metabolic, blood, cancer and immunocomprising conditions or 
those that compromise management of respiratory secretions, or morbid obesity. Questionnaire answers were ‘yes,’ ‘no,’ or ‘unknown’ 
without specifying the co-morbidity.

d  Based on week of specimen collection. Missing collection dates were imputed as the laboratory accession date minus two days, the average 
time period between collection date and laboratory accession date for records with valid data for both fields. Week 3 of 2015 based on 
partial week.

e  Participants who received seasonal 2014/15 influenza vaccine less than two weeks before ILI onset or for whom vaccination timing 
was unknown were excluded from the primary analysis. They were included for assessing ‘any’ immunisation, regardless of timing, for 
comparison with other sources of vaccination coverage. The denominator is shown for ‘any’ immunisation.

f  Among participants 2–59 years-old who received 2014/15 influenza vaccine at least two weeks before ILI onset and had valid data for type 
of vaccine. All 16 participants who received LAIV were 2–19 years of age. Among vaccinated participants 2–19 years-old, 16 of 34 (47%) 
overall received LAIV including 11 of 24 cases (46%) and five of 10 controls (50%).

g  Among participants 65 years and older who received 2014/15 influenza vaccine at least two weeks before ILI onset and had valid data for 
receipt of adjuvanted vaccine.

h  Children younger than two years in 2014/15 were excluded from 2013/14 vaccine uptake analysis as they may not have been eligible for 
vaccination during the immunisation campaign in autumn 2013 on the basis of age under six months.

i  Children younger than three years in 2014/15 were excluded from 2012/13 vaccine uptake analysis as they may not have been eligible for 
vaccination during the immunisation campaign in autumn 2012 on the basis of age under six months.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2015.20.4.21022&domain=pdf&date_stamp=2015-01-29
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Clade 3C.2a viruses comprised the majority (> 90%) 
of viruses in all contributing SPSN provinces, with 
the exception of British Columbia, where there was 
more equal contribution of clade 3C.2a (17/30; 57%) 
and clade 3C.3x (13/30; 43%). None of the 226 sen-
tinel A(H3N2) viruses contributing to the VE analy-
sis that were sequenced belonged to the northern 
hemisphere 2014/15 A/Texas/50/2012(H3N2) vac-
cine clade 3C.1, nor to the 2015 southern hemi-
sphere A/Switzerland/9715293/2013(H3N2) vaccine 

clade 3C.3a. However, as described above, all seven 
viruses that could be characterised by HI assay 
were considered antigenically similar to the A/
Switzerland/9715293/2013(H3N2) strain, even though 
none of those seven viruses clustered within clade 
3C.3a.

Relative to the X-223A HGR, sentinel clade 3C.2a 
viruses typically differed by 10 or 11 antigenic site aa 
substitutions as itemised in Figure 3. In addition to the 

Table 4A
Interim 2014/15 influenza vaccine effectiveness evaluation, Canadian Sentinel Physician Surveillance Network, 1 November 
2014–19 January 2015 (n = 861)

Model
Influenza (any) Influenza A Influenza A(H3N2)

VE (95% CI) VE (95% CI) VE (95% CI)
Primary analysis
N [n case (% vac); n control (% vac)] 861 [410 (35); 451 (33)] 842 [391 (36); 451 (33)] 830 [379 (37); 451 (33)]
Unadjusted −12 (−49 to 16) −17 (−55 to 12) −21 (−61 to 9)
Age group (1–8, 9–19, 20–49, 50–64, ≥ 65 years) −11 (−51 to 18) −17 (−60 to 14) −22 (−67 to 10)
Sex (female/male) −19 (−58 to 11) −24 (−65 to 7) −29 (−73 to 4)
Comorbidity (no/yes) −10 (−47 to 18) −15 (−54 to 14) −19 (−60 to 12)
Province (Alberta, British Columbia, Ontario, Quebec) −12 (−49 to 16) −15 (−54 to 14) −19 (−59 to 11)
Collection interval (≤ 4/5–7 days) −14 (−52 to 14) −19 (−59 to 11) −23 (−65 to 8)
Calendar time (2-week interval) 0 (−34 to 25) −4 (−39 to 23) −8 (−45 to 20)
Age, sex, comorbidity, province, interval, time −1 (−40 to 28) −4 (−45 to 25) −8 (−50 to 23)
Sensitivity analysis – vaccination timing
Vaccination defined without regard to vaccination timing (i.e. any vaccination)
N [n case (% vac); n control (% vac)] 896 [426 (38); 470 (35)] 876 [406 (38); 470 (35)] 861 [391 (39); 470 (35)]
Unadjusted −10 (−45 to 16) −14 (−51 to 13) −16 (−54 to 12)
Fully adjusteda 0 (−37 to 27) −2 (−41 to 26) −5 (−44 to 24)
Participants vaccinated < 2 weeks before ILI onset recoded as ‘unvaccinated’
N [n case (% vac); n control (% vac)] 887 [422 (34); 465 (32)] 867 [402 (35); 465 (32)] 853 [388 (36); 465 (32)]
Unadjusted −12 (−48 to 15) −17 (−55 to 12) −22 (−62 to 8)
Fully adjusteda 1 (−38 to 28) −3 (−43 to 26) −8 (−51 to 22)
Participants vaccinated < 2 weeks before ILI onset recoded as ‘vaccinated’
N [n case (% vac); n control (% vac)] 887 [422 (37); 465 (35)] 867 [402 (38); 465 (35)] 853 [388 (38); 465 (35)]
Unadjusted −11 (−46 to 16) −15 (−52 to 13) −18 (−56 to 11)
Fully adjusteda −2 (−41 to 26) −4 (−44 to 24) −7 (−48 to 23)
Sensitivity analysis – comorbidity
N [n case (% vac); n control (% vac)] 910 [433 (35); 477 (31)] 890 [413 (36); 477 (31)] 878 [401 (37); 477 (31)]
Includes participants with unknown comorbidity
Unadjusted −17 (−54 to 11) −22 (−61 to 8) −26 (−67 to 5)
Fully adjustedb −7 (−47 to 23) −10 (−52 to 20) −14 (−58 to 18)
Participants with unknown comorbidity recoded as ‘no’
Unadjusted −17 (−54 to 11) −22 (−61 to 8) −26 (−67 to 5)
Fully adjusteda −5 (−46 to 24) −9 (-51 to 21) −13 (−56 to 19)
Participants with unknown comorbidity recoded as ‘yes’
Unadjusted −17 (−54 to 11) −22 (−61 to 8) −26 (−67 to 5)
Fully adjusteda −6 (−46 to 23) −9 (−51 to 21) −13 (−57 to 18)

CI: confidence interval; ILI: influenza-like illness; VE: vaccine effectiveness; % vac: percentage vaccinated.

a  Adjusted for age group, sex, comorbidity, province, collection interval, and calendar time.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2015.20.4.21022&domain=pdf&date_stamp=2015-01-29
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N145S site A cluster-transition substitution distinguish-
ing all clade 3C.2 (and 3C.3) viruses generally, differ-
ences between clade 3C.2 viruses and X-223A include 
N128T (gain of glycosylation) and P198S site B substi-
tutions. The latter two substitutions are the result of 
having switched the vaccine prototype strain from A/
Victoria/361/2011(H3N2) (a clade 3C virus) in 2012/13 
to A/Texas/50/2012(H3N2) (a clade 3C.1 virus) since 
the 2013/14 season. Clade 3C.2 viruses also differ 
from X-223A at positions 186 (site B), 219 (site D) and 
226 (site D) due to mutations in the egg-adapted HGR. 
Sentinel viruses within the dominant 3C.2a subgroup 
were further distinguished through an N144S (site A) 
substitution associated with loss of glycosylation, an 
additional F159Y (site B) cluster-transition mutation 
and an adjacent K160T (site B) substitution associated 
with the gain of a potential glycosylation site, as well 
as Q311H (site C) and N225D substitutions, the latter 

within the RBS (but not within defined antigenic sites 
A–E [4,6,9]). Other substitutions relative to X-223A 
were scattered through antigenic sites A, C and E.

The provisionally named clade 3C.3x sentinel viruses 
typically differed from X-223A by 12 antigenic site aa 
substitutions, as also shown in Figure 3. Of note, in 
addition to the L157S substitution at antigenic site B 
that distinguishes this emerging subgroup, 18 of 19 
clade 3C.3x viruses also bore an N122D antigenic site A 
substitution associated with loss of glycosylation.

Discussion
Interim VE estimates from the Canadian SPSN show lit-
tle or no protection from the 2014/15 influenza vaccine 
against the A(H3N2) epidemic strain. The disappointing 
2014/15 mid-season VE of −8%, with 95% confidence 
intervals (CI) overlapping zero and extending to just 

Table 4B
Interim 2014/15 influenza vaccine effectiveness evaluation, Canadian Sentinel Physician Surveillance Network, 1 November 
2014–19 January 2015 (n = 861)

Model
Influenza (any) Influenza A Influenza A(H3N2)

VE (95% CI) VE (95% CI) VE (95% CI)
Stratified analysis – restricted to non-elderly adult participants 20–64 years old
N [n case (% vac); n control (% vac)] 516 [233 (31); 283 (30)] 506 [223 (32); 283 (30)] 496 [213 (33); 283 (30)]
Unadjusted −4 (−52 to 29) −11 (−62 to 24) −16 (−71 to 20)
Fully adjusteda 11 (−35 to 41) 6 (−43 to 38) 2 (−49 to 36)
Stratified analysis – restricted to specimens collected from week 50 onward
N [n case (% vac); n control (% vac)] 699 [365 (36); 334 (36)] 682 [348 (37); 334 (36)] 670 [336 (38); 334 (36)]
Unadjusted 1 (−34 to 28) −4 (−42 to 24) −8 (−48 to 21)
Fully adjustedc −3 (−47 to 28) −9 (−55 to 24) −13 (−61 to 21)
Indicator variable analysis – effect of prior 2013/14 influenza vaccine receipt on 2014/15 VEd

Unvaccinated both seasons
N [n case (%); n control (%)] 414 [201 (52); 213 (51)] 400 [187 (51); 213 (51)] 392 [179 (50); 213 (51)]
Unadjusted/fully adjusted Reference Reference Reference
Current 2014/15 influenza vaccine only
N [n case (%); n control (%)] 32 [10 (3); 22 (5)] 32 [10 (3); 22 (5)] 32 [10 (3); 22 (5)]
Unadjusted 52 (−4 to 78) 48 (−12 to 76) 46 (−17 to 75)
Fully adjusteda 49 (−15 to 78) 46 (−24 to 76) 43 (−29 to 75)
Prior 2013/14 influenza vaccine only
N [n case (%); n control (%)] 107 [46 (12); 61 (15)] 105 [44 (12); 61 (15)] 105 [44 (12); 61 (15)]
Unadjusted 20 (−23 to 48) 18 (−27 to 47) 14 (−33 to 44)
Fully adjusteda 8 (−47 to 42) 8 (−47 to 43) 4 (−54 to 40)
Both 2013/14 and 2014/15 influenza vaccine
N [n case (%); n control (%)] 251 [131 (34); 120 (29)] 248 [128 (35); 120 (29)] 247 (127 (35); 120 (29)]
Unadjusted −16 (−58 to 15) −21 (−67 to 12) −26 (−73 to 8)
Fully adjusteda −8 (−56 to 26) −11 (−62 to 23) −15 (−67 to 21)

CI: confidence interval; ILI: influenza-like illness; VE: vaccine effectiveness; % vac: percentage vaccinated.

a  Adjusted for age group, sex, comorbidity, province, collection interval, and calendar time.
b  Adjusted for age group, sex, province, collection interval, and calendar time; not adjusted for comorbidity.
c  Adjusted for age group, sex, comorbidity, province, and collection interval; not adjusted for calendar time.
d  Based on same exclusion criteria as primary analysis, with further restriction to participants aged ≥ 2 years in 2014/15 and those with data 

for 2013/14 and 2014/15 influenza vaccine receipt.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES2015.20.4.21022&domain=pdf&date_stamp=2015-01-29
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Figure 4
Phylogenetic tree of influenza A(H3N2) viruses 2014/15, Canadian Sentinel Physician Surveillance Network, 1 November 
2014–19 January 2015 (n = 215)

The phylogenetic tree was constructed by alignment of 215 Canadian sentinel translated sequences covering the 514 residues of the 
extracellular domain against sequences representative of emerging viral clades as described by the European Centre for Disease Prevention 
and Control (n=6) [12], and recent vaccine A(H3N2) prototype and high-growth reassortant strains (n=8) (Table 1). Substitutions in bold are 
in antigenic sites and italicised substitutions are in the receptor-binding site.
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23%, is in striking contrast to the 2013/14 mid-season 
VE analysis. During that season’s interim analysis with 
comparable sample size, we measured substantial and 
statistically significant VE of 74% (95% CI: 58–83%) 
against the dominant but antigenically well-conserved 
A(H1N1)pdm09 epidemic strain [2]. The VE point esti-
mate reported here for the 2014/15 seasonal vaccine 
is the lowest component-specific estimate reported by 
the Canadian SPSN against any seasonal strain of the 
past 10 years, including other recent influenza A(H3N2) 
vaccine-mismatched seasons in 2012/13 (VE = 45% 
mid-season [3], 41% end-of-season [4]) or 2010/11 
(VE = 39%) [7].

Consistent with the low VE we report for 2014/15, virtu-
ally all (99%) of the sentinel influenza A(H3N2) viruses 
contributing to VE analysis showed genetic and/or 
antigenic evidence of vaccine mismatch. Although only 
seven SPSN viruses contributing to VE analysis grew 
to sufficient titre for antigenic characterisation by HI 
assay, the high proportion of vaccine-mismatched 
viruses reported here is similar to reports from national 
laboratory-based surveillance summaries for Canada 
[1]. Of the 62 A(H3N2) viruses HI-characterised in the 
presence of oseltamivir carboxylate and reported to 
date nationally by Canada’s NML (including non-SPSN 
viruses), 61 (98%) have shown reduced titres to the 
A/Texas/50/2012(H3N2) vaccine strain [1]. The major-
ity of these viruses have clustered with clade 3C.2a, 
and the remainder with what we have provisionally 
labelled here as clade 3C.3x. Nationally, based on 
genetic characterisation of viruses unable to grow to 
sufficient titre for HI assay, 393 of 395 (99%) viruses 
to date have been found to belong to one of these two 
genetic groups (foremost clade 3C.2a) and are con-
sidered antigenically distinct from the vaccine strain 
[1]. The approach used this season to impute vaccine 
mismatch based on phylogenetic findings follows that 
established by the United States Centers for Disease 
Control and Prevention (US CDC) where only 64% of 
circulating A(H3N2) viruses so far this season have 
been considered antigenically distinct from the vaccine 
strain [20]. This substantial difference between Canada 
and the US in the proportion of A(H3N2) viruses that 
are considered vaccine-mismatched may explain the 
higher (albeit still suboptimal) VE estimate reported in 
mid-season analysis by the US CDC (22%) [22]; how-
ever, other methodological, demographic or immuno-
logical differences should also be considered.

As in previous seasons, non-elderly adults contributed 
most (60%) to our VE analyses, although elderly partic-
ipants were slightly more represented (16%) this sea-
son compared to previous years (10% or less) [2-4,6,7]. 
The adult predominance in our sample may be relevant 
to consider when comparing our 2014/15 mid-season 
VE estimates to those from the US CDC, where there 
was a greater paediatric contribution (43% of the over-
all sample) [22]. Children are less likely to have had 
prior influenza vaccine or virus exposure history and 
are more likely to have received LAIV. LAIV has been 

associated with better efficacy than inactivated vac-
cine in the very young [23-27], although the opposite 
was observed against influenza A(H1N1)pdm09 in the 
US during the 2013/14 season [28] and relative effec-
tiveness in the context of substantial vaccine mismatch 
or with history of prior repeat immunisation is uncer-
tain. Our VE estimate against influenza A(H3N2) in 
non-elderly adults of 2% is comparable to (within 10% 
of) the US mid-season VE estimate for adults 18–49 
years-old (12%), although neither country’s estimate 
in adults is statistically significant and confidence 
intervals overlap. More nuanced evaluation of age and 
other influences on VE will be important to explore with 
larger sample size in end-of-season analyses.

At the genetic level, vaccine-virus divergence in 
2014/15 was defined among Canadian SPSN viruses by 
a substantial number of aa differences (10–11) in the 
dominant (> 90%) clade 3C.2a viruses relative to the 
vaccine component, including substitutions at pivotal 
antigenic, cluster-transition and receptor-binding sites 
and/or in association with potential gain or loss of gly-
cosylation, each of which may influence antibody rec-
ognition. Substitutions evident in the vaccine strain, 
notably associated with egg-adaptation and HGR gen-
eration, may also have compounded the effects of 
antigenic drift in circulating viruses [4]. The emerging 
but as yet minor subgroup of viruses bearing the L157S 
+/- N122D mutation (here labelled clade 3C.3x) also 
warrants close monitoring. Although position 157 has 
not been identified historically as a cluster-transition 
residue, it is within the same pocket as other key resi-
dues (i.e. 155, 156, 158, 159) and may be of emerging 
significance [16]. The loss of glycosylation associated 
with the N122D substitution may also be influential 
[17]. Clade 3C.3 viruses with this particular combi-
nation of aa substitutions have not previously been 
identified by the Canadian SPSN, but were detected in 
Spain during the 2013/14 season, cited in association 
with the low VE (13%) against A(H3N2) viruses in mid-
season analysis from that country [29]. Compared with 
Spanish sequences from 2013/14, clade 3C.3x viruses 
characterised by the Canadian SPSN in 2014/15 have 
acquired an additional three aa mutations in antigenic 
site E, an antigenic site distant from the RBS and not 
typically considered immuno-dominant but possibly 
relevant to overall virus fitness.

As published previously by the Canadian SPSN [4,6] 
and US CDC and other investigators [30-33], we 
observed variability in VE by prior vaccination his-
tory. In particular, VE against influenza A(H3N2) among 
those who received the 2014/15 influenza vaccine 
without prior vaccination in 2013/14 was higher (43%) 
than among participants who were vaccinated with the 
same A(H3N2) vaccine component in both 2013/14 and 
2014/15 (−15%). Although none are statistically signifi-
cant, these substantial differences in VE based on prior 
immunisation are consistent with the antigenic dis-
tance hypothesis articulated by Smith et al. [34]. That 
hypothesis suggests that negative interference from 
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prior immunisation may be more pronounced when the 
antigenic distance is small between successive vaccine 
components but large between vaccine and circulating 
strains. Such is the scenario for the current 2014/15 
season for which the identical A(H3N2) vaccine com-
ponent was used as during the 2013/14 season, poorly 
matched to the 2014/15 epidemic strain. However, 
limited sample size precludes definitive conclusions, 
particularly since a large proportion (nearly 90%) of 
vaccinated SPSN participants are repeat vaccine recipi-
ents [2-4,6,7]. There may also be other unrecognised 
differences across subgroups of participants with dif-
fering immunisation histories. Further evaluation is 
required across additional study settings and seasons 
and with greater sample size to confirm these findings, 
assess possible underlying immunological interac-
tions, and inform implications for vaccine reformula-
tion and policy recommendation.

There are limitations to this study, notably related to 
sample size, in particular in subgroup analyses. Mid-
season analysis was undertaken with the recognition 
that sample size was sufficient to provide 80% statisti-
cal power to detect a VE of at least 40%, given vaccine 
coverage typically spanning 30 to 40% in our setting. 
The absence of statistical significance with much lower 
VE is not unexpected given that in order to measure a 
VE of 10% in either direction from zero with the same 
statistical power would require more than 10,000 par-
ticipants and more than 1 million participants would 
be required to show a significant VE of 1%. Our find-
ings are thus consistent with a VE close to zero, where 
a precise estimate may never be resolved statistically. 
Higher VE may be observed in final end-of-season 
analyses, particularly if other influenza types or sub-
types for which the trivalent vaccine is a better match 
circulate through the remainder of the 2014/15 sea-
son. Vaccine status in this study was based on self-
reporting which may introduce some misclassification 
bias. However, this information was collected at the 
time of specimen collection, before the test result was 
known, minimising differential misclassification. As 
in prior seasons’ analyses by the SPSN, the predomi-
nance of adults and repeat influenza vaccine recipients 
among our study participants is relevant to consider 
in the generalisation of our findings to other settings 
where the population profile may differ. Although we 
uniquely characterised more than half of our sentinel 
A(H3N2) viruses to the level of clade specification, and 
our virological profile reflected that of national surveil-
lance summaries for Canada [1], we cannot rule out 
systematic differences in viruses available for genetic 
or antigenic characterisation, a problem for all labora-
tory-based surveillance. The validity of VE estimates 
derived by the test-negative approach has been pre-
viously demonstrated [35,36] but the design remains 
observational and bias and confounding cannot be 
ruled out.

In summary, interim VE findings from the Canadian 
SPSN indicate that the 2014/15 influenza vaccine 

has provided little or no protection against medically 
attended illness due to predominant and substantially 
mismatched A(H3N2) viruses this season. Given limited 
vaccine protection, other adjunct protective measures 
should be considered to minimise associated morbid-
ity and mortality, particularly among high-risk indi-
viduals. The virological and/or host factors influencing 
reduced vaccine protection against influenza A(H3N2) 
during the 2014/15 season warrant further in-depth 
investigation.

GenBank Accession Numbers
Viruses from original specimens with complete or partial 
sequences of the haemagglutinin (HA) gene (HA1 and HA2) 
provided by provincial laboratories and contributing to the 
2014/15 interim influenza vaccine effectiveness analysis by 
the Canadian Sentinel Physician Surveillance Network were 
deposited in GenBank with accession numbers KP701523 
–KP701743.
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