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The early experience of the United Kingdom (UK) 
is that influenza B has dominated the influenza 
2012/13 season. Overall trivalent influenza vaccine 
(TIV) adjusted vaccine effectiveness (VE) against all 
laboratory-confirmed influenza in primary care was 
51% (95% confidence interval (CI): 27% to 68%); TIV 
adjusted VE against influenza A alone or influenza B 
alone was 49% (95% CI: -2% to 75%) and 52% (95% 
CI: 23% to 70%) respectively. Vaccination remains the 
best protection against influenza.

Background
In common with many countries the United Kingdom 
(UK) experienced unusually late influenza activity in 
2011/12, with activity peaking only in week 8 of 2012 
[1] in a season dominated by influenza A(H3N2) and 
characterised by excess in all-cause mortality and the 
occurrence of influenza outbreaks in nursing home 
settings [2,3]. Trivalent seasonal influenza vaccine 
(TIV) provided only moderate initial protection against 
A(H3N2) infection in primary care in 2011/12 with sub-
sequent significant intra-seasonal waning of protec-
tion [1]. Overall in 2011/12 TIV VE against confirmed 
A(H3N2) infection, adjusted for age, surveillance 
scheme and month was 23% (95% confidence interval 
(CI): -10% to 47%).

These results, coupled with virological data on 
emerging strain types, supported the rationale for 
the change to the World Health Organization (WHO) 
recommendation for composition of the TIV for the 
northern hemisphere season for 2012/13 [4] in which 
the A/California/7/2009 (H1N1)pdm09-like virus 
was retained, and the A(H3N2) vaccine strain was 
updated to an A/Victoria/361/2011 (H3N2)-like virus. 
Additionally, the B/Victoria lineage influenza B vaccine 

component was replaced with an influenza B strain 
of the B/Yamagata lineage (B/Wisconsin/1/2010-like 
virus). Compared to season 2011/12, the UK has expe-
rienced a relatively early influenza season in 2012/13, 
which has been dominated by influenza B circulation, 
but also with some A(H3N2) circulation [5]. The 2012/13 
intra-seasonal estimation of vaccine uptake in individ-
uals who are in clinical groups at increased clinical risk 
of complications [6] has indicated similar levels com-
pared to the same time point in 2011/12 [5]. The UK has 
an established surveillance scheme to produce interim 
and end of season estimation of the effectiveness of 
the influenza vaccine programme [1,7] and this paper 
presents the interim evaluation of the effectiveness of 
the 2012/13 vaccine.

Estimation of influenza 
vaccine effectiveness

Study population and period
Data were derived from five primary care influenza sen-
tinel surveillance schemes in England (two schemes), 
Northern Ireland, Scotland and Wales. Details of the 
Royal College of General Practitioners (RCGP), Health 
Protection Agency (HPA) Specialist Microbiology 
Network (SMN), Public Health Wales, Public Health 
Agency of Northern Ireland and Health Protection 
Scotland (HPS) swabbing schemes have been pre-
sented previously [1,7].

The study period ran from 1 October 2012 to 4 January 
2013. Cases were defined, as previously [1,7], as per-
sons presenting during the study period in a partici-
pating general practitioner (GP) practice with an acute 
influenza-like illness (ILI) who were swabbed and then 
tested positive for influenza A or influenza B. ILI was 
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defined as an individual presenting in primary care 
with an acute respiratory illness with either history of 
fever or documented temperature >38°C or complaint 
of feverishness [1,7]. Patients were swabbed as part 
of clinical care, with verbal consent. Controls were 
individuals presenting with ILI in the same period that 
were swabbed and tested negative for influenza.

A standardised questionnaire collecting demographic, 
clinical and epidemiological information from cases 
and controls including date of birth, sex, defined 
underlying clinical risk group [1,7], date of onset of res-
piratory illness, date of specimen and influenza vac-
cination status for 2012/13 with vaccination dates was 
completed by the patient’s responsible GP at the time 
of swabbing.

Laboratory methods
Laboratory confirmation was undertaken using real-
time polymerase chain reaction (RT-PCR) assays for 
circulating influenza A viruses, influenza B viruses 
and other respiratory viruses [8,9]. Samples in 
England were sent to the HPA Microbiology Services, 
Colindale (RCGP scheme) or one of the specialist HPA 
microbiology laboratories (SMN scheme). Samples in 
Wales were sent to the Public Health Wales Specialist 
Virology Centre and in Scotland to the West of Scotland 
Specialist Virology Centre (HPS scheme) for molecular 
testing. In Northern Ireland samples were sent to the 
Regional Virus Laboratory, Belfast. All participating UK 
laboratories are a designated WHO National Influenza 
Centre (NIC) and participate in WHO and UK quality 
assurance programmes. This aids RT-PCR assays to be 
comparable between laboratories.

Statistical methods
Persons with a date of onset between 1 October 2012 
and 4 January 2013 were available for this analysis. If 
date of onset of symptoms was missing then the date 
the swab was taken was used to define the time of 
ILI. Persons were defined as vaccinated if the date of 
vaccination with the 2012/13 TIV was 14 or more days 
before onset of illness. Those in whom the period 
between vaccination and onset of illness was less 
than 14 days were excluded, as immunity is unknown. 
Patients were also excluded if the date of vaccination 
was missing, and samples with a delay greater than 29 
days between onset of illness (where known) and sam-
ple collection were excluded as the sensitivity of the 
polymerase chain reaction (PCR) test reduces for long 
intervals between onset and sampling [10,11]. 

VE was estimated as 1-(odds ratio) using multivariable 
logistic regression models with influenza A or influ-
enza B PCR results as outcomes and seasonal vacci-
nation status as the linear predictor. In the analyses 
evaluating VE in preventing influenza A infection, sam-
ples positive for influenza B were excluded and vice 
versa. In the multivariable analysis the known con-
founders age (coded into five standard age groups, <5 
years, 5–14 years, 15–44 years, 45–64 years and ≥65 

years) and month of ILI onset (or swab taken if onset 
was unknown) were included as well as sex and sur-
veillance scheme (HPS, RCGP, SMN, Northern Ireland, 
Wales). Effect modification by age and scheme was 
assessed by likelihood ratio tests.

All statistical analyses were carried out in Stata ver-
sion 12 (StataCorp, College Station, Texas).

2012/13 influenza vaccine effectiveness
This report has information on 1,865 individuals from 
whom samples were collected during the study period. 
Of these, 957 samples were collected through the RCGP 
surveillance scheme, 293 through the SMN scheme, 
511 through the HPS scheme, 41 through the Public 
Health Wales scheme and 63 in Northern Ireland. Table 
1 shows the distribution and completeness of the base-
line characteristics of the study participants according 
to whether they were cases or controls.

Those excluded from the study because of late swab-
bing, a time of less than 14 days between vaccina-
tion and onset of symptoms and missing information 
on vaccination are summarised in Table 2. There were 
therefore 1,324 persons (i.e. 121 influenza A cases and 
1,203 controls) for whom data on both vaccination sta-
tus and influenza A infection were available. Similarly, 
there were 1,580 persons (i.e. 377 influenza B cases 
and 1,203 controls) included in the estimation of triva-
lent vaccine for prevention of influenza B.

Vaccine effectiveness in prevention of influenza
Table 3 shows the number of samples positive and 
negative for influenza A, influenza B and the combined 
influenza A or B virus according to vaccination status. 
Crude and adjusted vaccine effectiveness are also 
shown.

The adjusted VE estimates (Table 3) were 49% (95% 
CI: -2% to 75%) for influenza A, 52% (95% CI: 23% to 
70%) for influenza B and 51% (95% CI: 27% to 68) for 
influenza A and B combined. As seen in previous years, 
age and month of onset were associated with positivity 
and vaccination status and were therefore confounding 
variables. Risk group was missing for 158/1,865 (8.5%) 
and this variable was not included in the model as it 
was not significantly associated with swab positivity 
when added to the multivariable model and analyses 
in previous years had shown that this was not a con-
founding variable [1,7]. Sex and surveillance scheme 
were retained in the model but did not change the VE 
estimates. When looking at effect modification there 
was no evidence that VE varied by scheme (p=0.26) or 
age (p=0.50).

Discussion
The early experience of the influenza season in the UK 
[5] and in a number of European Union (EU) Member 
States, the United States (US) and Canada [12] pre-
sents an opportunity for the generation of interim 
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assessment of seasonal influenza vaccine effective-
ness. This can be used to inform those countries yet to 
experience a significant season and to add to the evi-
dence base around choice of vaccine composition for 
the northern hemisphere influenza season of 2013/14. 
Unlike the pattern in the current season in North 
America, where influenza activity has been dominated 

by influenza A(H3N2) followed by influenza B, the early 
influenza season experienced across the UK has been 
dominated by influenza B cases with noted homoge-
neity in this pattern of laboratory detection in each 
country (with the exception of the Scottish scheme in 
which influenza A(H3N2) cases appear to be in slight 
excess). Influenza B viruses from both the B/Yamagata 

Table 1
Details for influenza A and B cases and controls originally considered for the mid 2012/13 season trivalent seasonal 
influenza vaccine effectiveness analysis, United Kingdom, 1 October 2012–4 January 2013 (n=1,865)

Variable
Controls 

n (%)
(N=1,340)

Influenza B cases 
n (%)

(N=399) 

Influenza A cases 
n (%)

(N=126)
Age group (years)
<5 159 (12) 29 (7) 8 (6)
5–14 91 (7) 101 (25) 9 (7)
15–44 589 (44) 166 (42) 80 (63)
45–64 324 (24) 89 (22) 25 (20)
≥65 172 (13) 14 (4) 4 (3)
Missing 5 (0) 0 (0) 0 (0)
Sex
Male 552 (41) 167 (42) 55 (44)
Female 774 (58) 223 (56) 70 (56)
Missing 14 (1) 9 (2) 1 (1)
Month of sample collection
October 230 (17) 8 (2) 13 (10)
November 553 (41) 49 (12) 23 (18)
December 543 (41) 333 (83) 90 (71)
January 14 (1) 9 (2) 0 (0)
Surveillance scheme
RCGP 638 (48) 271 (68) 48 (38)
SMN 216 (16) 48 (12) 29 (23)
HPS 424 (32) 40 (10) 47 (37)
Wales 22 (2) 18 (5) 1 (1)
Northern Ireland 40 (3) 22 (6) 1 (1)
Risk Group
No 923 (69) 315 (79) 98 (78)
Yes 301 (22) 56 (14) 14 (11)
Missing 116 (9) 28 (7) 14 (11)
Interval between onset and sampling (days)
0–1 148 (11) 31 (8) 19 (15)
2–4 495 (37) 202 (51) 63 (50)
5–7 325 (24) 92 (23) 25 (20)
8–14 197 (15) 23 (6) 9 (7)
15–29 59 (4) 7 (2) 1 (1)
≥29 21 (2) 6 (2) 1 (1)
Missing onset date 95 (7) 38 (10) 8 (6)
Vaccination status (TIV 2012/13)
Unvaccinated 996 (74) 354 (89) 110 (87)
Vaccinated 0–13 days agoa 37 (3) 1 (0) 0 (0)
Vaccinated ≥14 days agoa 179 (13) 23 (6) 9 (7)
Vaccinated timing not known 47 (4) 6 (2) 2 (2)
Missing 81 (6) 15 (4) 5 (4)

HPS: Health Protection Scotland; RCGP: Royal College of General Practitioners’ surveillance scheme; SMN: Health Protection Agency (HPA) 
Specialist Microbiology Network; TIV: trivalent seasonal influenza vaccine.
a This refers to the time interval between vaccination time and time of symptom onset or swab.
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and B/Victoria lineages have co-circulated during the 
2012/13 influenza season in the UK, with the majority 
of influenza B isolates antigenically characterised to 
date belonging to the B/Yamagata lineage [5].

This is the fifth season in which the UK pooled esti-
mation of TIV VE has been undertaken [1,7]. The data 
quality for the pooled analysis even at this interim 
analysis stage is deemed high with few missing data 
field entries. 

This observational study of interim influenza VE for 
TIV against laboratory-confirmed influenza infection in 
primary care in the UK 2012/13 winter season, which 
would appear at this juncture to be a medium inten-
sity influenza season with influenza B the dominant 
circulating strain, has two key findings: reassuringly 
the northern hemisphere 2012/13 TIV appears to offer 
moderate protection against the circulating influenza B 
strain; the point estimate for the TIV VE against influ-
enza A is based on smaller numbers and, though not 
statistically significant at this stage, suggests a similar 
moderate level of protection.

These UK interim results which are adjusted for age, sex 
and calendar month within the season are consistent 

with the crude TIV VE reported in recent weeks in 
Morbidity and Mortality Weekly Report (MMWR) from 
this season’s US experience to date [13] in which their 
season has been dominated by influenza A(H3N2) and 
with the overall adjusted VE estimate reported from 
Canada [14]. Indeed the UK crude VE estimates prior 
to adjustment for age appear near identical to those in 
the US.

While the TIV VE for influenza B is statistically signifi-
cant one should keep in mind that there is a reliance 
on a trivalent vaccine with only one influenza B com-
ponent, which in any given influenza season may offer 
limited protection against another influenza B lineage 
not targeted by the vaccine [15]. The availability of 
quadrivalent seasonal influenza vaccines licensed for 
use in the EU [16] would mean that this can be poten-
tially averted. Work needs to be undertaken to demon-
strate whether introduction of these vaccines would be 
cost-effective.

In conclusion, this study undertaken mid-season pro-
vides good evidence that this season’s TIV provides 
protection against laboratory-confirmed influenza B 
infection and more limited evidence of likely protec-
tion against laboratory-confirmed influenza A infection 

Table 2
Selecting participants with known symptom onset of influenza-like illness (n=1,865) for the 2012/13 trivalent seasonal 
vaccine effectiveness analysis, United Kingdom, 1 October 2012–4 January 2013 

Participants Controls Influenza B cases Influenza A cases Total
With known date of symptom onseta 1,340 399 126 1,865
With interval from symptom onset to sampling >29 days -21 -6 -1 -28
Missing vaccination historyb -80 -15 -4 -99
Vaccinated 0–13 days before symptom onsetc -36 -1 -0 -37
Remaining for vaccine effectiveness analysis 1,203 377 121 1,701

The ‘-‘ sign indicates that the respective participant numbers were excluded from the vaccine effectiveness analysis.
a  When the symptom onset date was missing the date when the participant was swabbed was used.
b  Numbers exclude the participants with missing vaccination history who additionally had an interval from symptom onset to sampling >29 

days.
c  Numbers exclude the participants vaccinated 0–13 days before symptom onset who additionally had an interval from symptom onset to 

sampling >29 days and a missing vaccination history.

Table 3
Number of cases versus controls for influenza A and/or B according to 2012/13 trivalent seasonal influenza vaccine 
vaccination status and vaccine effectiveness (crude and adjusteda) estimates, United Kingdom,  
1 October 2012–4 January 2013

Type of influenza Vaccination status Cases/controls Crude VE % (95% CI) Adjusteda VE % (95% CI) 

A and B
Unvaccinated 459/979

63 (47 to 74) 51 (27 to 68)
Vaccinated 39/224

A
Unvaccinated 110/979

56 (17 to 77) 49 (-2 to 75)
Vaccinated 11/224

B
Unvaccinated 349/979

65 (47 to 77) 52 (23 to 70)
Vaccinated 28/224

VE: Vaccine effectiveness.
a Adjusted for age-group, sex, month and surveillance scheme.
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in the patients attending their GP with influenza like 
illness in the UK. It is important to note that more pre-
cision in this estimate will be available at the end of 
the season, together with the ability to obtain age-
stratified estimates. Vaccination with the seasonal 
influenza vaccine remains the best protection against 
influenza. The results are consistent with a protective 
benefit from seasonal influenza vaccine. Within the 
UK and beyond, particularly in those countries who 
are either still early in their influenza season or who 
have evidence of continuing influenza transmission, it 
is important to stress that it is not too late to be vac-
cinated this season and individuals in clinical groups 
eligible for vaccination who have yet to be vaccinated 
should be encouraged to get vaccinated.
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The 2012/13 influenza season in Canada has been 
characterised to date by early and moderately severe 
activity, dominated (90%) by the A(H3N2) subtype. 
Vaccine effectiveness (VE) was assessed in January 
2013 by Canada’s sentinel surveillance network using 
a test-negative case–control design. Interim adjusted-
VE against medically attended laboratory-confirmed 
influenza A(H3N2) infection was 45% (95% CI: 13–66). 
Influenza A(H3N2) viruses in Canada are similar to 
the vaccine, based on haemagglutination inhibition; 
however, antigenic site mutations are described in the 
haemagglutinin gene.

Background
The 2012/13 influenza season in North America has 
shown moderately severe activity, spiking over the 
December/January holiday period, with influenza 
A(H3N2) viruses predominating among typed/subtyped 
viruses to date in both Canada (about 90%) and the 
United States (US) (about 70%) [1,2].

The updated 2012/13 A(H3N2) reference strain rec-
ommended by the World Health Organization as vac-
cine component for the northern hemisphere (A/
Victoria/361/2011-like) is antigenically distinct from 
that recommended for the previous season (A/
Perth/16/2009-like) [3], with 11 amino acid (AA) resi-
due differences at antigenic sites of the haemaggluti-
nin (HA) surface protein [4].

Vaccine effectiveness (VE) in Canada was assessed by 
the country’s sentinel surveillance network in January 

2013. Here we report the interim 2012/13 VE estimates 
against the dominant circulating influenza A(H3N2) 
subtype in the context of antigenic and genetic charac-
terisation of circulating strains.

Estimating influenza vaccine effectiveness
As previously described [5-11], a test-negative case–
control design was used to estimate VE, whereby a 
patient presenting with influenza-like illness (ILI) test-
ing positive for influenza virus was considered a case 
and a person testing negative was considered a control.

Several hundred community-based practitioners in 
sentinel surveillance sites across participating prov-
inces (British Columbia, Alberta, Manitoba, Ontario and 
Quebec) may offer nasal or nasopharyngeal swabbing 
to any patient presenting within seven days of symp-
tom onset of ILI – defined as acute onset of respiratory 
illness with fever and cough and one or more of the fol-
lowing: sore throat, arthralgia, myalgia or prostration.

The VE analysis period included specimens collected 
from 1 November 2012 (week 44: 28 October 2012–3 
November 2012) to 23 January 2013 (week 4: 20–26 
January 2013), taking into account onset of influenza 
activity (Figure 1) and an immunisation campaign that 
started in October. Epidemiological information was 
obtained from consenting patients or their parents/
guardians using a standard questionnaire at the time 
of specimen collection, before testing. Ethics review 
boards in each participating province approved this 
study.
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Specimens were tested for influenza viruses A (to 
subtype level) and B at provincial reference labora-
tories by real-time reverse-transcription polymerase 
chain reaction according to provincial protocols [4,11]. 
Odds ratios (OR) for influenza vaccination among 
cases versus controls were estimated by multivariable 
logistic regression. VE against medically attended lab-
oratory-confirmed influenza was calculated as [1 – OR] 
× 100. Patients for whom the timing of vaccination was 
unknown or was less than two weeks before symptom 
onset were excluded from the primary VE analysis but 
explored in sensitivity analyses. Those with unknown 
comorbidity were included and further explored in sen-
sitivity analyses.

Genetic characterisation of sentinel 
influenza A(H3N2) viruses
Sequencing of the HA1 gene of a convenience sample 
(n=82) of available influenza A(H3N2) viruses, spanning 
the season so far but with emphasis on more recent 
activity, was undertaken for each province to identify 
AA substitutions within the 131 residues of antigenic 
sites A–E [11,12]. These were expressed as percentage 

identity and relatedness compared with the vaccine 
reference strain (A/Victoria/351/2011). Pairwise identi-
ties were calculated from alignments of translated pro-
tein sequences generated in Geneious Pro v4.8.5 using 
a MUSCLE multiple sequence alignment algorithm. The 
approximate likelihood method was used to generate 
the phylogenetic tree of aligned nucleotide sequences 
in Geneious Pro v4.8.5.

HA sequences from reference strains used in the phy-
logenetic analysis were obtained from the EpiFlu data-
base of the Global Initiative on Sharing Avian Influenza 
Data (GISAID) (Table 1).

Interim estimates of influenza 
vaccine effectiveness

Participants
A total of 939 specimens were submitted from senti-
nel surveillance sites between 1 November 2012 and 
23 January 2013. After exclusion criteria were applied 
(Figure 2), 739 participants contributed to overall VE 
analysis: their profile was similar to that seen in VE 

Figure 1
Laboratory detection of influenza by week and virus subtype, Canada, 2012/13 sentinel surveillance system (n=833)
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Of 999 nasal or nasopharyngeal specimens collected between 1 October 2012 (week 40: 30 September−6 October 2012) and 23 January 
2013 (week 4: 20−26 January 2013), we excluded from the epidemic curve specimens from the following patients: those failing to meet the 
influenza-like illness (ILI) case definition or for whom it was unknown (n=24); those whose specimens were collected more than seven days 
after symptom onset or for whom the interval was unknown (n=132); those whose age was unknown (n=1) 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; specimens from patients with unknown comorbidity were also included. 
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analyses of previous seasons [4,8,9,11]. Those aged 
20–49 years contributed most to the analysis (43%) 
and the median interval between symptom onset and 
specimen collection was three days (Table 2).

About half (355/739) of the specimens were positive 
for influenza, of which 86% (287/334) of subtyped 
viruses were A(H3N2) (Table 3), a predominance simi-
lar to that noted elsewhere for Canada (Figure 1) [1]. 
The 2012/13 vaccine was received by 27% (108/402) 
controls (i.e. test-negative) and 17% (61/365) cases 
(i.e. test-positive) (p<0.001) (Table 2). Of those with 
information available for both 2011/12 and 2012/13 
(n=682), 136/150 (91%) of those immunised in 2012/13 
were also immunised in 2011/12. The proportion of 
controls reporting immunisation for 2012/13 and ear-
lier seasons was comparable to that in previous sen-
tinel and other survey reports for Canada (about 30%) 
[4,7-9,11,14] and was also similar for influenza A(H1N1)
pdm09 immunisation: 48% compared with previous 
Canadian surveys (41%) [11]. The proportion of samples 
from patients with comorbidity was comparable to pre-
vious sentinel system estimates (14–23%) and other 
reports for Canada (15–20%) [4,7-11,15].

The overall crude (unadjusted) VE against influenza 
A(H3N2) virus was 39% (95% CI: 10–59) and against 
any influenza was 45% (95% CI: 20–63) (Table 4). Fully 
adjusted VEs were 45% (95% CI: 13–66) for A(H3N2) 
and 52% (95% CI: 25–69) overall. The overall VE esti-
mate reflects the predominance of influenza A(H3N2) 

virus, with little contribution from influenza B or 
A(H1N1) viruses, precluding reliable estimates for those 
components.

Virus characterisation
All influenza A(H3N2) isolates to date this season char-
acterised in Canada by the haemagglutination inhibi-
tion assay have been considered antigenically similar 
to the 2012/13 vaccine component, although character-
isation so far includes few (n=3) of the sentinel viruses 
described here [1]. HA1 sequences of a subset of 82 
(29%) sentinel A(H3N2) viruses were thus assessed for 
substitutions potentially contributing to suboptimal 
VE (Figure 3, Table 5). Sequencing was based on origi-
nal specimens from British Columbia (n=15), Alberta 
(n=25), Manitoba (n=4) and Ontario (n=11) and virus 
isolates from Quebec (n=27).

Of the 82 sequences, 75 clustered within the 
European Centre for Disease Prevention and Control 
(ECDC)-described Clade 3C, which includes the A/
Victoria/361/2011 vaccine strain (Figure 3) [16]. There 
were, however, four to eight AA mutations (93.9–96.9% 
vaccine identity) in HA1 antigenic sites compared with 
the A/Victoria/361/2011 vaccine reference strain as 
follows: 2/82 with four AA mutations (from specimens 
collected mid-November and mid-December); 19/82 
with five (October–January); 22/82 with six (October–
January); 29/82 with seven (November–January) and 
3/82 with eight mutations (late-December). Of note, 
the 32/82 viruses with seven or eight AA mutations 
included loss of glycosylation through T128A substitu-
tion in antigenic site B. The remaining seven sentinel 
sequences (collected mid-November to early January) 
clustered within ECDC Clade 6 (A/Iowa/19/2010-like) 
with 6/82 showing 11AA mutations (91.6% vaccine 
identity) and one exhibiting 12 AA mutations (90.8% 
vaccine identity) relative to the A/Victoria/361/2011 
vaccine strain (Figure 3, Table 5). These Clade 6 viruses 
also included loss of glycosylation at position N45S, a 
non-antigenic site mutation.

Discussion
Mid-season reporting of virus evolution, vaccine relat-
edness and VE can support real-time risk communi-
cation and mitigation. Our interim 2012/13 VE results 
show that vaccination reduced the risk of medically 
attended laboratory-confirmed influenza due to the 
predominant A(H3N2) virus subtype by about half.

Our estimates are comparable to, if somewhat lower 
than, interim 2012/13 VE estimates recently reported 
by the US indicating 62% VE overall, 55% for influenza 
A and 70% for influenza B [17]. The proportion of influ-
enza A viruses contributing to interim VE analysis in 
the US study setting (57%) is different from the pro-
file for the rest of the US (about 70%) or Canada (about 
90%); influenza A(H3N2) viruses have so far predomi-
nated in both countries [1,2]. Participant profiles were 
not presented and multivariable adjustment was also 
not undertaken in the interim US analysis. Although 

Figure 2
Specimen exclusion for interim influenza vaccine 
effectiveness analysis, Canada, 2012/13 sentinel 
surveillance system

 

submitted  939 

Specimens excluded  

- Influenza-like illness (ILI) case definition unmet/unknown (n=22)  

 - Specimen collection >7 days since symptom onset or timing unknown (n=125) 

 

 

- Age unknown (n=1)

 

 

- Indeterminate PCR results (n=9)

 

 

- Vaccine status unknown (n=15)

 
 

- Vaccination timing unknown or <2 weeks before symptom onset (n=28)
 

 

739 

Cases: 355 Controls: 384

Number of specimens submitted between 
1 November 2012 and 23 January 2013
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Table 2
Profile of participants included in primary analysis, interim 2012/13 influenza vaccine effectiveness evaluation, Canada

Characteristics
Control (test-negative)

N=384  
n (%)

Case (test-positive)
N=355  
n (%)

Total  
N=739 
n (%)

Age group (years)
1–8 59 (15) 67 (19) 126 (17)
9–19 38 (10) 46 (13) 84 (11)
20–49 166 (43) 149 (42) 315 (43)
50–64 80 (21) 61 (17) 141 (19)
≥65 41 (11) 32 (9) 73 (10)
Median (range) 37 (<1–92) 32 (<1–90) 35 (<1–92)
Sex
Female 228 (59) 206 (58) 434 (59)
Comorbiditya

No 270 (70) 271 (76) 541 (73)
Yes 81 (21) 61 (17) 142 (19)
Unknown 33 (9) 23 (6) 56 (8)
Received 2012/13 TIVb,c

Any immunisationd 108/402 (27) 61/365 (17) 169/767 (22)
≥2 weeks before symptom onset 90 (23) 51 (14) 141 (19)
    Among those with comorbidity 28 (35) 20 (33) 48 (34)
    Among those without comorbidity 55 (20) 29 (11) 84 (16)
Received 2011/12 TIVe 
No 227 (69) 240 (73) 467 (71)
Yes 104 (31) 88 (27) 192 (29)
Received 2010/11 TIVf

No 204 (64) 217 (70) 421 (67)
Yes 113 (36) 91 (30) 204 (33)
Received adjuvanted A(H1N1)pdm09 vaccineg

No 156 (52) 147 (51) 303 (52)
Yes 144 (48) 140 (49) 284 (48)
Specimen collection interval (days)
≤4 282 (73) 293 (83) 575 (78)
5–7 102 (27) 62 (17) 164 (22)
Median (range) 3 (0–7) 3 (0–7) 3 (0–7)

TIV: trivalent influenza vaccine.
a  Chronic medical conditions that place individuals at higher risk of serious complications (hospitalisation or death) from influenza as 

defined by Canada’s National Advisory Committee on Immunization [13], including heart, pulmonary (including asthma), renal, metabolic 
(such as diabetes), blood, cancer, immune compromising conditions or those that compromise the management of respiratory secretions 
and increase the risk of aspiration or morbid obesity. Questionnaire was answered as ‘yes’, ‘no’ or ‘unknown’ to any one or more of these 
conditions without specifying.

b  Vaccine status was based on self/parental/guardian report. Detail related to special paediatric dosing requirements was not sought. 
Immunised participants were predominantly offered split (non-adjuvanted) 2012/13 trivalent inactivated influenza vaccine during the 
regular autumn immunisation campaign. In British Columbia and Quebec, influenza vaccine is provided free of charge to high-risk groups 
[13]. Others are encouraged to receive vaccine but must purchase it. In Ontario, Alberta and Manitoba, the vaccine is provided free of charge 
to all citizens aged ≥6 months.

c  In Canada, adjuvanted vaccine is approved for people aged ≥65 years and live-attenuated vaccine by nasal administration is approved 
for those aged 2–59 years [13]; their use, however, remains infrequent. Of the 47 people aged ≥65 years who were considered immunised 
in this study, 14 reported that they received adjuvanted vaccine and 19 did not know, while the rest would have received non-adjuvanted 
vaccine. Overall, 5/141  immunised participants and 5/18 immunised children aged  ≤10 years reported intranasal administration. Vaccine 
effectiveness analysis was not stratified on that basis.

d  Immunised people who received the vaccine <2 weeks before symptom onset or for whom this was unknown were excluded from the primary 
vaccine effectiveness analysis. They were included for assessing ‘any’ immunisation regardless of timing and for comparison with other 
sources of vaccine coverage. The denominator is therefore shown for ‘any’ immunisation.

e  Children <2 years-old in 2012/13 were excluded from 2011/12 vaccine uptake analysis as they may not have been age-eligible in autumn 
2011. 

f  Children <3 years-old in 2012/13 were excluded from 2010/11 vaccine uptake analysis as they may not have been age-eligible in autumn 
2010.

g  Children <4 years-old in 2012/13 were excluded from influenza A(H1N1)pdm09 vaccine uptake analysis as they may not have been age-
eligible in autumn 2009. 
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Table 3
Laboratory profile of specimens included in primary analysis, interim 2012/13 influenza vaccine effectiveness evaluation, 
Canada 

Specimen included
Alberta
N=225
n (%)

British Columbia
N=156
n (%)

Manitoba
N=63
n (%)

Ontarioa

N=108
n (%)

Quebec
N=187
n (%)

Total
N=739
n (%)

Influenza negative 120 (53) 92 (59) 46 (73) 48 (44) 78 (42) 384 (52)
Influenza positive 105 (47) 64 (41) 17 (27) 60 (56) 109 (58) 355 (48)
   A positive 89 (85) 57 (89) 14 (82) 59 (98) 104 (95) 323 (91)
   B positive 16 (15) 7 (11) 3 (18) 1 (2) 5 (5) 32 (9)
Influenza A positive
H3N2 81 (91) 54 (95) 4 (29) 54 (92) 94 (90) 287 (89)
(H1N1)pdm09 4 (5) 2 (4) 1 (7) 4 (7) 4 (4) 15 (5)
Subtype unknown 4 (5) 1 (2) 9 (64) 1 (2) 6 (6) 21 (7)

a Ontario was delayed while awaiting ethics board review, diminishing its contribution to this interim analysis.

Table 4
Interim 2012/13 influenza A(H3N2) and overall influenza vaccine effectiveness, Canada 

 Analysis scenarios

A(H3N2)a

VE
(95% CI)

Number
Total 

(Cases; Vac)
[Controls; Vac]

Any Influenza

VE
(95% CI)

Number
Total 

(Cases; Vac)
[Controls; Vac]

Primary analysis
Crude (unadjusted)b,c 39 (10–59)

671
(287; 45)
 [384; 90]

45 (20–63)

739
(355; 51)

 [384; 90]

Adjusted for:b,c

Age in years (1–8, 9–19, 20–49, 50–64, ≥65) 38 (4–60) 46 (18–64)
Comorbidity (yes/no)b 38 (7–58) 43 (17–61)
Province (BC, AB, MB, ON, QC) 46 (18–64) 50 (26–66)
Specimen collection interval (≤4 d/5–7 d) 40 (10–60) 46 (20–63)
Week of specimen collection 39 (9–59) 45 (20–63)
Age, comorbidity 38 (3–60) 45 (17–64)
Age, comorbidity, province 45 (13–65) 51 (24–68)
Age, comorbidity, province, interval 46 (14–66) 52 (26–69)
Age, comorbidity, province, interval, week 45 (13–66) 52 (25–69)

Sensitivity analysis
Vaccination defined without regard to interval to symptom onset
Crude 38 (11–57) 699

(297; 55)
[402; 108]

45 (22–62) 767
(365; 61)

[402; 108]Fully adjustedd 38 (5–60) 47 (21–65)

Those vaccinated within 2 weeks of symptom onset considered as
Unvaccinated; Crude 38 (8–58) 699

 (297; 45)
[402; 90]

44 (18–61) 767
(365; 51)
[402; 90]Unvaccinated; Fully adjustedd 42 (9–63) 48 (20–66)

Vaccinated; Crude 38 (11–57) 699
 (297; 55)
[402; 108]

45 (22–62) 767
(365; 61)

[402; 108]Vaccinated; Fully adjustedd 38 (5–60) 47 (21–65)

Those with unknown comorbidity 

Re-coded ‘Yes’ for comorbidity; Fully adjustedd 45 (13–66)
671

(287; 45)
[384; 90]

51 (25–69)
739

(355; 51)
[384; 90]

Excluded from analysis
Crude 38 (6–59) 617

(266; 43)
[351; 83]

44(17–62) 683
(332; 49)
[351; 83]Fully adjustedd 44 (9–65) 51(23–69)

Restricted to those with no comorbidity
       Crude 48 (14–69) 484

(214; 25)
[270; 55]

53 (24–71) 541
(271; 29)
[270; 55]       Fully adjustede 60 (27–78) 65 (39–80)

AB: Alberta; BC: British Columbia; MB: Manitoba; ON: Ontario; QC: Quebec; Vac: vaccinated – i.e. number of (cases) or [controls] vaccinated; 
VE: vaccine effectiveness.
a  Those with influenza A of unknown subtype were excluded from the A(H3N2)-specific analysis.
b  For the primary analysis, those with unknown comorbidity were coded as ‘No’ but explored in the sensitivity analysis as shown.
c  Those immunised <2 weeks before symptom onset or from whom a specimen was collected >7 days since symptom onset (or for whom these 

were unknown) were excluded but explored in the sensitivity analysis as shown. 
d  Adjusted for age, comorbidity, province, interval, week. 
e  Adjusted for age, province, interval, week. 
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Figure 3
Phylogenetic tree of influenza A(H3N2) viruses, Canada, 2012/13 sentinel surveillance system 

The phylogenetic tree was created by aligning the 82 Canadian sentinel sequences against sequences representative of emerging viral clades 
as described by the European Centre for Disease Prevention and Control (ECDC) [16] (n=10), A(H3N2) sequences collected globally between 1 
November 2012 and 18 January 2013 (n=17), and recent vaccine strains (n=3). The global sequences were downloaded from Global Initiative on 
Sharing Avian Influenza Data (GISAID) by searching for human influenza A(H3N2) haemagglutinin sequences collected in the specified period 
(Table 1).

Vaccine and clade strains

     2012/13 vaccine reference strain (/Victoria/361/2011)

     Antigenic site comparison strains

British Columbia
Alberta
Manitoba
Ontario
Quebec
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Table 5
Changes in amino acid sequence encoded by haemagglutinin (HA1) gene (antigenic regions)a for subset of 2012/13 Canadian 
sentinel influenza A(H3N2) strains relative to reference strainsb 

Antigenic site  C E D A B A B D C
Amino acid number HA1       45 48 53 54 62 67 88 94 121 124 128 142 145 156 157 186 192 198 219 230 278 280 304 312

A/Perth/16/2009 S T D S K I V Y N S T R N H L G I A S I N E A N
A/Victoria/208/2009 S T D S E I V Y N S T R N H L G I A S I N E A N

A/Hong Kong/2121/2010 S T N S E I V H N S T R N H L G I A S V N A A N
A/Victoria/361/2011c N I D S E I V Y N S T R N Q L V I S Y I N E A S

British Columbia n
A/British Columbia/020/2012d 11 A G S H G S K
A/British Columbia/023/2012d 1 H S G S K
A/British Columbia/002/2013d 1 S H G S K
A/British Columbia/001/2013d 1 N S H G S K
A/British Columbia/005/2013d 1 K S H G S K
Alberta n
A/Alberta/046/2012d 14 V S H G S K
A/Alberta/047/2012d 6 S H G S K
A/Alberta/053/2012d 2 H G S K
A/Alberta/060/2012d 2 G S H G S K
A/Alberta/054/2012e 1 S T N H H G A S V A D N
Manitoba n
A/Manitoba/001/2012d 2 V S H G S K
A/Manitoba/003/2012d 1 S H G S K
A/Manitoba/004/2012d 1 A G S H G S K
Ontario n
A/Ontario/030/2012d 5 S H G S K
A/Ontario/005/2013d 2 A G S H G S K
A/Ontario/031/2012d 2 R A G S H G S K
A/Ontario/001/2013d 1 S S H G S K
A/Ontario/004/2013e 1 S T N H H G A S V A N
Quebec n
A/Quebec/011/2012d 14 A G S H G S K
A/Quebec/028/2012d 2 A G S H G V S K
A/Quebec/019/2012d 3 H S G S K
A/Quebec/021/2012d 2 S H G S K
A/Quebec/012/2012d 1 I S H G S K
A/Quebec/020/2012e 2 S T N H H G A S V A N
A/Quebec/016/2012e 2 S T N H H G T S V A N
A/Quebec/034/2012e 1 S T N Q H G T S V A N

Bold font signifies amino acid substitution compared with the 2012/13 northern hemisphere vaccine reference strain.
All sequences were deposited into GenBank (accession numbers: KC526204-KC526214; KC535019-KC535064; and KC539112-KC539136).
a  Antigenic regions A–E comprise 131 amino acid residues [12]. Only the 24 positions in those 131 residues showing mutations in the present 

study are displayed. British Columbia, Alberta, Manitoba and Ontario sequencing was performed on original specimens; Quebec performed 
the sequencing on virus isolates. 

b  2012/13 northern hemisphere vaccine reference strain (A/Victoria/361/2011) and other recent vaccine and variant reference strains.
c  2012/13 northern hemisphere vaccine reference strain.
d  A total of 75 sentinel sequences clustered within Clade 3C, which also includes the 2012/13 A/Victoria/361/2011 vaccine strain ([16] and 

Figure 3). Common to each of these 75 sentinel sequences however, were antigenic site mutations compared with the A/Victoria/361/2011 
vaccine strain as shown in this table and summarised as follows, with the antigenic site shown in parentheses: Q156H (B), V186G (B), Y219S 
(D), N278K (C). Of these 75 sequences, 69 also showed N145S (A) while the other four included L157S (B). Of these 69 sequences, 14/22 
Alberta and 2/4 Manitoba sequences additionally showed I67V (E) and 11/14 British Columbia, 1/4 Manitoba, 4/10 Ontario and 16/19 Quebec 
sequences included T128A causing loss of glycosylation site (B) as well as R142G (A) mutations. 

e  Seven sequences clustered within Clade 6 (A/Iowa/19/2010-like; see [16] and Figure 3) with antigenic site mutations compared with the A/
Victoria/361/2011 vaccine strain as shown in this table and additional loss of glycosylation at non-antigenic site N45S (not shown).
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our own adjusted VE estimates did not substantially 
differ (less than 5–10%) from our unadjusted VE esti-
mates, assessment of bias and confounding has to be 
separately undertaken for each dataset. Nevertheless, 
suboptimal VE for the influenza A(H3N2) component 
of the vaccine in both Canada and the US is inconsist-
ent with haemagglutination inhibition characterisation 
indicating good vaccine match to circulating A(H3N2) 
viruses [1,2]. Such discordance between conventional 
in vitro characterisation of vaccine match by haemag-
glutination inhibition and epidemiological measures 
of VE has been noted in previous seasons’ estimates 
from our sentinel network [6,7,11], highlighted also in 
a recent meta-analysis of other studies, including ran-
domised controlled trials [18].

Molecular markers of virus mutation may offer more 
insight. It has previously been suggested that a change 
of at least four AA in two or more HA antigenic sites 
heralds emergence of virus drift, potentially compro-
mising antibody binding [19]. However, HA antigenic-
site maps have been updated and more studies are 
needed to correlate genetic variation in circulating 
viruses with epidemiological variation in measured VE 
[12,20]. Not only the number but also the nature and 
location of AA substitutions are likely to be relevant. 
Furthermore, hypotheses to explain the variable effi-
cacy of repeat immunisation have included positive 
and negative interference from pre-existing antibody, 
with differential effects depending on the antigenic 
distance across successive vaccine components and 
circulating strains [21]. We note that a high proportion 
of participants (91%) who were immunised this season 
had also received vaccine the previous season. These 
virological, host and other factors potentially contribut-
ing to suboptimal VE warrant more in-depth evaluation.

Limitations of this surveillance approach to VE esti-
mation have been described previously [6-11]. For our 
interim analysis, we draw particular attention to small 
sample size, resulting in wide confidence intervals and 
variability around the point estimate. Age-specific VE 
analyses (e.g. children and elderly people) would be of 
additional important interest – our estimates primar-
ily reflect the prominent contribution of adults 20–49 
years of age. However, stratification of VE analysis by 
age would further reduce the statistical power and pre-
cision of estimates in this interim report. The slightly 
higher VE with restriction to participants without 
comorbidity (Table 4) may similarly reflect such varia-
bility. End-of-season analysis will further expand upon 
these interim findings and may better support strati-
fied analyses. Although we have assessed vaccine 
relatedness through gene sequencing of community-
based sentinel viruses available from each province 
and across the season to date, in this interim assess-
ment the sampling frame for specimen selection was 
not random or systematic. Bias may result from the 
preferential inclusion of specimens that demonstrate 
low cycle threshold values (high RNA levels) or suc-
cessful virus isolation. These, however, are issues for 

all laboratory-based influenza surveillance. Finally, in 
reviewing participant profiles, we identified no obvious 
signals of bias and in our analysis we adjusted for rec-
ognised potential confounders, but ultimately, given 
the observational design, we cannot rule out other 
unrecognised influences on the VE estimates.

In summary, our interim findings indicate that the 
2012/13 vaccine shows a substantial but suboptimal 
protection. As such, adjunct protective measures (e.g. 
antivirals) may be warranted for those at high risk of 
influenza complications, whether they are vaccinated 
or not. Interim virus monitoring and VE results may 
also inform vaccine reformulation for subsequent sea-
sons. Ultimately, however, better understanding of 
the factors affecting annual influenza VE is needed for 
improved product development and immunisation pro-
gramme acceptance in the long term.
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This study evaluates the influenza vaccine effective-
ness (VE) in preventing laboratory-confirmed cases 
in Navarre, Spain, in the 2011/12 season in which 
the peak was delayed until week 7 of 2012. We con-
ducted a test-negative case–control study. Patients 
with influenza-like illness in hospitals and primary 
healthcare were swabbed for testing by reverse tran-
scription-polymerase chain reaction. Influenza vac-
cination status and other covariates were obtained 
from healthcare databases. The vaccination status of 
confirmed cases and negative controls was compared 
after adjusting for potential confounders. VE was 
calculated as (1-odds ratio)x100. The 411 confirmed 
cases (93% influenza A(H3)) were compared with 346 
controls. Most characterised viruses did not match 
the vaccine strains. The adjusted estimate of VE was 
31% (95% confidence interval (CI): -21 to 60) for all 
patients, 44% (95% CI: -11 to 72) for those younger 
than 65 years and 19% (95% CI: -146 to 73) for those 
65 or older. The VE was 61% (95% CI: 5 to 84) in the 
first 100 days after vaccination, 42% (95% CI: -39 to 
75) between 100 and 119 days, and zero thereafter. 
This decline mainly affected people aged 65 or over. 
These results suggest a low preventive effect of the 
2011/12 seasonal influenza vaccine, and a decline in 
VE with time since vaccination.

Introduction
Influenza is an important health problem that can 
lead to serious complications in persons with risk 
factors [1,2]. Annual vaccination is the primary meas-
ure for preventing influenza and its complications [3]. 
Because the influenza vaccine composition is adapted 
each season to the viruses in circulation, its effective-
ness varies [4].

Observational studies are the main way to evaluate 
vaccine effectiveness (VE) in each season, however, 

possible biases affecting comparability between vac-
cinated and unvaccinated persons must be overcome 
[5-8]. Studies with non-specific outcomes tend to 
underestimate the VE [6], a problem that is resolved by 
analysing virologically confirmed cases [4,9]. A design 
that compares confirmed influenza cases with test-
negative controls ensures good comparability and is 
easy to carry out, thus this type of study has come to 
be widely used [4,9].

Song et al., in an immunogenicity study of the influ-
enza vaccine, found that the antibody levels decline 
progressively, beginning in the first months after 
vaccine administration [10]. In addition, people with 
higher risk of complications due to influenza may have 
a weaker immune response due to the immunodepres-
sion associated with some chronic diseases or to the 
immunosenescence associated with aging [11,12].

In Spain, influenza circulation in the 2011/12 season 
reached a peak in week 7 of 2012, the second latest 
peak in the past 15 seasons, after the 2005/06 influ-
enza wave [13]. Influenza A(H3N2) was the predominant 
virus in circulation, and a certain degree of vaccine–
virus mismatch was observed [13]. The objective of this 
study was to describe the effectiveness of the influ-
enza vaccine in the 2011/12 season in preventing labo-
ratory-confirmed influenza, including both outpatients 
and hospitalised patients.

Methods

Study population
The present study was based on electronic clinical 
records in the region of Navarre, Spain in the 2011/12 
season. The Navarre Ethical Committee for Medical 
Research approved the study protocol. The Navarre 
Health Service provides healthcare, free at point of 
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service, to 97% of the 642,051 inhabitants of the region 
(private companies provide healthcare to the remaining 
3% of the population). The clinical records have been 
computerised since the year 2000 and include reports 
from primary care, hospital admissions, vaccination 
register, and laboratory test results.

The seasonal vaccination campaign took place from 10 
October to 25 November 2011. In Navarre the trivalent 
inactivated non-adjuvanted vaccine was recommended 
and offered free of charge to people aged 60 years or 
older and to those with risk factors or major chronic con-
ditions [14]. Other people can also be vaccinated if they 
pay for the vaccine. In the 2011/12 season, the vaccine 
included the strains A/California/07/2009(H1N1)-like, 
A/Perth/16/2009(H3N2)-like and B/Brisbane/60/2008-
like virus [15]. Precise instructions for registering each 
dose were given to all vaccination points [14].

Influenza surveillance was based on automatic report-
ing of cases of influenza-like illness (ILI) from all pri-
mary healthcare centres and hospitals. Following the 
European Union case definition, ILI was considered to 
be the sudden onset of any general symptom (fever or 
feverishness, malaise, headache or myalgia) in addi-
tion to any respiratory symptom (cough, sore throat or 
shortness of breath) [16]. A sentinel network composed 
of a representative sample of 76 primary healthcare 
physicians and paediatricians, covering 15% of the 
population, was asked to take nasopharyngeal and 
pharyngeal swabs, after obtaining verbal informed con-
sent, from all their patients diagnosed with ILI whose 

symptoms had begun preferably less than five days 
previously. An agreed protocol of care for influenza 
cases was applied in hospitals, which specified early 
detection and nasopharyngeal swabbing of all hospital-
ised patients with ILI. Swabs were analysed by reverse 
transcription polymerase chain reaction (RT-PCR), and 
influenza-positive samples were subsequently typed/
subtyped as influenza A(H1 and H3), A(H1N1)pdm09 
and B. About one in four positive swabs was randomly 
selected each week and sent to the National Influenza 
Centre–Madrid laboratory for genetic characterisation.

Study design and statistical analysis
We carried out a case–control study nested in the 
cohort of the population covered by the Navarre Health 
Service. Healthcare workers, persons living in nurs-
ing homes and children under six months of age were 
excluded. The study began in the first week in which 
influenza virus was detected, 12 December 2011 (week 
50), and ended in the last week in which ILI patients 
tested positive for influenza, 20 May 2012 (week 20).

The cases were patients diagnosed with ILI in primary 
care or in hospitals who were confirmed for influenza 
virus by RT-PCR. The controls were patients with ILI 
in primary healthcare or in hospitals who were nega-
tive for influenza virus. Their vaccination status for 
the trivalent 2011/12 seasonal influenza vaccine was 
obtained from the online regional vaccination register 
[17]. Subjects were considered to be protected starting 
14 days after vaccine administration.

Figure 
Number of influenza cases and test-negative controls, and incidence of influenza-like illness by week, Navarre,  
3 Oct 2011–20 May 2012
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From the electronic healthcare records we obtained the 
following baseline characteristics: sex, age, district of 
residence, migrant status (country of birth other than 
Spain has been related to a different pattern of use 
of healthcare services [18]), major chronic conditions 
(heart disease, lung disease, renal disease, cancer, 
diabetes mellitus, cirrhosis, dementia, stroke, immu-
nodeficiency, rheumatic disease and body mass index 
of 40 kg/m2 or greater), hospitalisation in the previ-
ous 12 months and outpatient visits in the previous 12 
months.

Vaccination status was compared between cases and 
controls. Different analyses were done: (i) comparing 
cases of each type of influenza with negative controls, 
(ii) including only patients in whom influenza vaccina-
tion was indicated because they were 60 years or older 
or had a major chronic condition, (iii) considering only 
patients in primary care, and (iv) including only swabs 
taken in the first four days after symptom onset. VE 
was also evaluated separately in two age strata (<65 
and ≥65 years; a cut-off age different from that of the 
vaccination target population was chosen to match the 
one commonly used in similar studies), in two periods 
(weeks 50/2011 to week 8/2012 and weeks 9/2012 to 
20/2012) and in three strata according to time since 
vaccination (<100, 100–119 and ≥120 days).

Percentages were compared by chi-square test. 
Logistic regression techniques were used to calculate 
the odds ratios (OR) with their 95% confidence inter-
vals (CI). ORs were adjusted for potential confounders 
including healthcare setting, and for date of diagnosis 
grouped into four-week periods. VE was estimated as 
(1-OR)x100.

Results

Description of cases and controls
The weekly number of swabbed patients followed the 
pattern of ILI incidence in the population (Figure). 
During the study period, 757 ILI patients were swabbed, 
588 in primary healthcare and 169 in hospitals. Some 
411 (54.3%) were confirmed for influenza virus: 382 for 
influenza A(H3), 28 for influenza B and one for influ-
enza A(H1N1)pdm09.

Compared with confirmed cases of influenza, the 
group of test-negative controls had a higher proportion 
of males, of persons under the age of five years, peo-
ple who had consulted a physician five or more times 
in the past year, who had major chronic conditions, 
and who were treated in hospital. There were no sig-
nificant differences regarding migrant status or urban/
rural residence, and these variables were therefore not 
included in the multivariate analysis (Table 1). Vaccine 
coverage in controls (18.8%) was slightly higher than 
in the overall population cohort in which the study was 
nested (14.2%, p=0.015).

Effectiveness of the 2011/12 
seasonal influenza vaccine
Compared with test-negative controls, a smaller pro-
portion of confirmed influenza cases had received the 
2011/12 seasonal influenza vaccine (OR: 0.60; 95% CI: 
0.40 to 0.89; p=0.012). In the adjusted analysis, the 
VE was 31% (95% CI: -21 to 60; p=0.200). The VE was 
somewhat higher between weeks 50/2011 and 8/2012 

Table 1
Characteristics of laboratory-confirmed influenza cases 
(n=411) and test-negative controls (n=346), Navarre, 12 
Dec 2011–20 May 2012

Laboratory- 
confirmed 
influenza 

cases
n (%)

Test-
negative 
controls

n (%)

p value

Age groups (years) <0.001
<5 28 (6.8) 56 (16.2) -
5–14 50 (12.2) 40 (11.6) -
15–44 164 (39.9) 123 (35.5) -
45–64 115 (28.0) 74 (21.4) -
≥65 54 (13.1) 53 (15.3) -
Sex 0.006 
Male 188 (45.7) 194 (56.1) -
Female 223 (54.3) 152 (43.9) -
Residence 0.164
Rural 103 (25.1) 103 (29.8)
Urban 308 (74.9) 243 (70.2)
Migrant status 0.097
No 381 (92.7) 308 (89.0) -
Yes 30 (7.3) 38 (11.0) -
Major chronic conditions 0.002
No 301 (73.2) 217 (62.7) -
Yes 110 (26.8) 129 (37.3) -
Hospitalisation in the previous year <0.001
No 384 (93.4) 292 (84.4) -
Yes 27 (6.6) 54 (15.6) -
Outpatient visits in the previous year 0.016
0 44 (11.4) 32 (9.3) -
1 to 5 195 (47.5) 133 (38.4) -
>5 172 (41.9) 181 (52.3) -
Health care setting <0.001 
Primary healthcare 378 (92.0) 210 (60.7) -
Hospital 30 (7.3) 119 (34.9) -
Emergency rooms 3 (0.7) 17 (4.9) -
Period <0.001 
Weeks 50/2011 to 8/2012 
(12 Dec 2011–26 Feb 2012) 332 (80.8) 237 (68.5) -

Weeks 9/2012 to 20/2012 
(27 Feb–20 May 2012) 79 (19.2) 109 (31.5) -

Seasonal influenza vaccine 2011/12 <0.015
No 361 (87.8) 281 (81.2) -
Yes 50 (12.2) 65 (18.8) -
Total 411 (100) 346 (100) -
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(37%; 95% CI: -18 to 67), and lower between weeks 
9/2012 and 20/2012 (19%; 95% CI: -176 to 76). The esti-
mates of VE were very similar in the analyses that were 
restricted to cases of influenza A(H3) (29%; 95% CI: 
-26 to 60), to subjects with an indication for vaccina-
tion (30%; 95% CI: -34 to 63), to patients in primary 
care (31%; 95% CI: -32 to 64), and to patients swabbed 
within the first four days after symptom onset (29%; 
95% CI: -38 to 63). The point estimate of the VE was 
higher in subjects under the age of 65 years (44%; 95% 
CI: -11 to 72) than in those aged 65 years or older (19%; 
95% CI: -146 to 73), although these differences did not 

reach statistical significance. In none of all the analy-
ses was the VE statistically significant (Table 2).

The VE was 61% (95% CI: 5 to 84) in the first 100 days 
after vaccination, dropping to 42% (95% CI: -39 to 
75) between days 100 and 119, and ceasing to confer 
any protection after 120 days (-35%, 95% CI: -211 to 
41) (Table 3). Persons vaccinated more than 120 days 
before diagnosis versus those vaccinated less than 
100 days before diagnosis were at an increased risk for 
contracting influenza, with an OR of 3.45 (95% CI: 1.10 
to 10.85; p=0.034).

Table 2
Influenza vaccine effectiveness in preventing laboratory-confirmed influenza by patient characteristic, comparisons of 
influenza-positive cases (n=411) and test-negative controls (n=346), Navarre, 12 Dec 2011–20 May 2012

Cases/controls
Crude vaccine 
effectiveness 
%  (95% CI)

p value
Adjusted vaccine 

effectiveness 
%  (95% CI)a

p value

All swabbed patients
 Unvaccinated 361/281 Reference - Reference -
 Vaccinated 50/65 40 (11 to 60) 0.012 31 (-21 to 60) 0.200
Weeks 50/2011 to 8/2012 (12 Dec 2011–26 Feb 2012)
 Unvaccinated 298/195 Reference - Reference -
 Vaccinated 34/42 47 (14 to 67) 0.011 37 (-18 to 67) 0.151
Weeks 9/2012 to 20/2012 (27 Feb 2012–20 May 2012)
 Unvaccinated 63/86 Reference - Reference -
 Vaccinated 16/23 15 (-94 to 54) 0.888 19 (-176 to 76) 0.741
Influenza A(H3)b

 Unvaccinated  335/281 Reference - Reference -
 Vaccinated  47/65  39 (9 to 60) 0.011  29 (-26 to 60) 0.247 
Influenza Bb

 Unvaccinated 25/281 Reference - Reference -
 Vaccinated 3/65 48 (-77 to 85) 0.295 54 (-102 to 90) 0.301
Target population for vaccinationc

 Unvaccinated  112/98 Reference - Reference -
 Vaccinated  43/54  30 (-13 to 57) 0.143 30 (-34 to 63) 0.286
Primary healthcare patients
 Unvaccinated  337/185 Reference - Reference -
 Vaccinated  41/25  10 (-53 to 47) 0.697 31 (-32 to 64) 0.262 
Hospitalised patients
 Unvaccinated 21/85 Reference - Reference -
 Vaccinated 9/34 -7 (-157 to 65) 0.877 9 (-212 to 73) 0.879 
Primary care patients swabbed <5 days after symptom onset
 Unvaccinated 334/182 Reference - Reference -
 Vaccinated 41/24 7 (-59 to 45) 0.793 29 (-38 to 63) 0.319
Patients aged <65 years
 Unvaccinated 337/258 Reference - Reference -
 Vaccinated 20/35 56 (22 to 75) 0.005 44 (-11 to 72) 0.095
Patients aged ≥65 years
 Unvaccinated 24/23 Reference - Reference -
 Vaccinated 30/30 4 (-106 to 55) 0.913 19 (-146 to 73) 0.710

CI: confidence interval.
a  Vaccine effectiveness adjusted for sex, age (<5; 5–14; 15–44; 45–64; ≥65 years), major chronic conditions, outpatient visits in the previous 

year, hospitalisation in the previous year, healthcare setting, and period of diagnosis.
b  There was one case of influenza A(H1N1)pdm09, not shown in this table.
c  Target population for vaccination includes people ≥60 years-old and people with major chronic conditions.
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Table 3
Influenza vaccine effectiveness in preventing laboratory-confirmed influenza by vaccination status and time after 
vaccination, comparison of influenza-positive cases (n=411) and test-negative controls (n=346), Navarre,  
12 Dec 2011–20 May 2012

Cases/controls
Crude vaccine 
effectiveness 
%  (95% CI)

p value
Adjusted vaccine 

effectiveness 
%  (95% CI)a

p value

All swabbed patients
 Unvaccinated 361/281 Reference - Reference -
 <100 days after vaccination 11/24 64 (26 to 83) 0.006 61 (5 to 84) 0.039
 100–119 days after vaccination 15/16 27 (-50 to 64) 0.392 42 (-39 to 75) 0.222
 ≥120 days after vaccination 24/25 25 (-34 to 58) 0.326 -35 (-211 to 41) 0.476
Influenza A(H3) cases 
 Unvaccinated 335/281 Reference - Reference -
 <100 days after vaccination 11/24 62 (20 to 81) 0.010 61 (4 to 84) 0.040
 100–119 days after vaccination 15/16 21 (-62 to 62) 0.514 39 (-48 to 74) 0.275
 ≥120 days after vaccination 21/25 29 (-29 to 61) 0.255 -55 (-283 to 37) 0.342
Target population for vaccination b 

 Unvaccinated 112/98 Reference - Reference -
 <100 days after vaccination 7/21 71 (28 to 88) 0.007 69 (6 to 90) 0.038
 100–119 days after vaccination 15/14 6 (-104 to 57) 0.871 39 (-49 to 75) 0.277
 ≥120 days after vaccination 21/19 3 (-90 to 51) 0.923 -51 (-298 to 42) 0.397
Primary healthcare patients 
 Unvaccinated 337/185 Reference - Reference -
 <100 days after vaccination 10/13 58 (2 to 82) 0.045 63 (2 to 96) 0.045
 100–119 days after vaccination 14/5 -54 (-333 to 45) 0.417 -2 (-215 to 67) 0.971
 ≥120 days after vaccination 17/7 -33 (-227 to 46) 0.530 -2 (-194 to 65) 0.971
Hospitalised patients
 Unvaccinated 21/85 Reference - Reference -
 <100 days after vaccination 1/10 59 (-234 to 95) 0.401 65 (-277 to 97) 0.383
 100–119 days after vaccination 1/9 55 (-275 to 95) 0.460 78 (-126 to 98) 0.202
 ≥120 days after vaccination 7/15 -89 (-522 to 32) 0.220 -182 (-1,219 to 40) 0.187
Primary care patients swabbed <5 days after symptom onset
 Unvaccinated 334/182 Reference - Reference -
 <100 days after vaccination 10/12 55 (-7 to 81) 0.072 58 (-12 to 84) 0.084
 100–119 days after vaccination 14/5 -53 (-330 to 46) 0.425 0 (-211 to 68) 0.999
 ≥120 days after vaccination 17/7 -32 (-225 to 46) 0.541 0 (-189 to 66) 0.991
Week 50/2011 to 8/2012 (12 Dec 2011–26 Feb 2012)
 Unvaccinated 298/195 Reference - Reference -
 <100 days after vaccination 10/24 73 (42 to 87) 0.001 65 (11 to 86) 0.027
 100–119 days after vaccination 13/16 47 (-13 to 75) 0.101 48 (-32 to 79) 0.168
 ≥120 days after vaccination 11/2 -260 (-1,541 to 21) 0.098 -375 (-2,513 to 14) 0.073
Patients aged <65 years
 Unvaccinated 337/258 Reference Reference
 <100 days after vaccination 6/13 65 (6 to 87) 0.038 47 (-63 to 83) 0.269
 100–119 days after vaccination 6/7 34 (-98 to 78) 0.454 54 (-55 to 86) 0.210
 ≥120 days after vaccination 8/15 59 (2 to 83) 0.044 32 (-111 to 78) 0.503
Patients aged ≥65 years
 Unvaccinated 24/23 Reference Reference
 <100 days after vaccination 5/11 56 (-145 to 87) 0.176 85 (-8 to 98) 0.059
 100–119 days after vaccination 9/9 4 (-184 to 68) 0.939 24 (-224 to 82) 0.715
 ≥120 days after vaccination 16/10 -53 (-307 to 42) 0.390 -208 (-1,563 to 43) 0.192

CI: confidence interval.
a Vaccine effectiveness adjusted for sex, age (<5; 5–14; 15–44; 45–64; ≥65 years), major chronic conditions, outpatient visits in the previous 

year, hospitalisation in the previous year, healthcare setting, and period of diagnosis.
b Target population for vaccination includes people ≥60 years-old and people with major chronic conditions.
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The point estimates of the influenza VE ranged between 
61% and 69% during the first 100 days after vaccina-
tion in the analyses restricted to cases of influenza 
A(H3), to persons with an indication for influenza vac-
cination, to primary care patients, and to hospitalised 
patients, although this last result was not statistically 
significant. However, in all these analyses the vaccine 
had practically zero effectiveness at 120 or more days 
after vaccination (Table 3). In persons under 65 years 
of age the VE declined little with time since vaccina-
tion, whereas in those aged 65 years or older the OR 
for the risk of influenza was 20.81 (95% CI: 2.14 to 
202.71; p=0.009) for those vaccinated more than 120 
days previously versus those vaccinated less than 100 
days previously.

Genetic characterisation 
In total 102 isolates obtained from the confirmed cases, 
were further characterised by phylogenetic analysis 
of the HA1 sequence of the haemagglutinin gene in 
the National Influenza Centre - Madrid laboratory: 90 
were influenza A(H3N2), 11 influenza B and one was 
influenza A(H1N1)pdm09. The strains most frequently 
identified were similar to A/Victoria/361/2011(H3N2) 
(41.2%), A/England/259/2011(H3N2) (24.5%), 
A/Iowa/19/2010(H3N2) (20.6%) and B/
Bangladesh/3333/2007(Yamagata) (9.8%). The propor-
tions of strains were similar in the two periods from week 
50/2011 to 8/2012 (12 December 2011 to 26 February 
2012) and from week 9/2012 to 20/2012 (27 February to 
20 May 2012), except for a reduced proportion of char-
acterisations of strain A/England/259/2011(H3N2) and 
an increase of B/Bangladesh/3333/2007(Yamagata) 
(Table 4).

Discussion
The results of this study suggest that on average, the 
seasonal influenza vaccine had a low protective effect 
in preventing laboratory-confirmed influenza during 
the 2011/12 season in Navarre. Most of the strains we 
characterised showed reduced reactivity with post-
infection ferret antiserum raised against the vaccine 
viruses, suggesting a certain degree of vaccine-virus 
mismatch [19]. Although the confidence intervals were 
wide, similar estimates were obtained in analyses 
restricted to the target population for vaccination, to 
primary healthcare patients, or to patients swabbed 
within the first four days after symptom onset, which 
strengthens the conclusion and rules out possible 
biases. Evaluation of VE in preventing cases of influ-
enza A(H3) only, also yielded similar estimates.

The early estimates of influenza VE for the first part 
of the season were higher than what we found for the 
complete season [20,21], which suggests a decline in 
VE over time. Two possible mechanisms, or a combina-
tion of both, could explain this reduced VE. The first is 
a change in the viruses circulating during the season, 
either due to appearance of another virus type or due 
to antigenic drift of circulating viruses, resulting in a 
loss of the match with the vaccine viruses. Our results 
do not support this mechanism, since the only relevant 
change in the circulating viruses was an increase in 
influenza B viruses, and low VE was also observed 
when we evaluated the effectiveness of the vaccine 
against influenza A(H3) only.

The second possible mechanism is waning immunity in 
those who received the vaccine. It has been reported 
that antibody levels begin to fall one month after 

Table 4
Distribution of influenza cases by type of virus and distribution of cases with characterisation by strains in two calendar 
periods. Navarre, Spain, 2011-2012

Week 50/2011 to 8/2012 (12 Dec 
2011–26 Feb 2012)

n (%)

Week 9/2012 to 20/2012 (27 Feb 
–20 May 2012)

n (%)
p value

All cases
Influenza A(H3) 325 (97.9) 57 (72.2) <0.001
Influenza A(H1N1)pdm09 1 (0.3) 0 (0) 1.000
Influenza B 6 (1.8) 22 (17.8) <0.001
Total 332 (100) 79 (100) -
Cases with characterisation
Influenza A/Victoria/361/2011(H3N2) 34 (42.5) 8 (36.4) 0.635
Influenza A/England/259/2011(H3N2) 24 (30.0) 1 (4.5) 0.012
Influenza A/Stockholm/18/2011(H3N2) 2 (2.5) 0 (0) 1.000
Influenza A/Iowa/19/2010(H3N2) 17 (21.3) 4 (18.2) 1.000
Influenza B/Bangladesh/3333/2007(Yamagata) 2 (2.5) 8 (36.4) <0.001
Influenza B/Brisbane/60/2008(Victoria) 0 (0) 1 (4.5) 0.216
Influenza A/St Petersburg/100/2011(H1N1)
pdm09 1 (1.3) 0 (0) 1.000

Total 80 (100) 22 (100) -
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administration of the influenza vaccine [10]. This loss 
of immune response is more pronounced in older per-
sons [10-12]. The results of our study show a decline in 
the VE beginning 100 days after vaccination, primarily 
in persons aged 65 years or older. This finding could 
be explained by an immunosenescence phenomenon, 
aggravated by the long time between vaccination and 
virus circulation, which was longer than in most other 
seasons [13], and the limited match between vaccine 
and circulating strains [20,21].

Longer time between symptom onset and swabbing 
has been associated with reduced sensitivity in virus 
detection, which could underestimate VE [6]. We con-
trolled for this effect mainly in the design of our study, 
since 99% of the swabs from primary healthcare 
patients were taken within the first four days after 
symptom onset. Moreover, we repeated the analysis 
after eliminating the cases swabbed after the first four 
days, and no relevant changes in the estimate of VE 
were found.

The present study included both outpatient and hos-
pital cases systematically recruited in a previously 
defined population. Primary care patients made up the 
bulk of subjects in our study and, when the analysis 
was limited to these patients, the VE was maintained. 
The number of cases treated in hospitals was small, 
which did not allow us to obtain a specific estimate of 
the VE in preventing hospitalised cases.

Although institutionalised patients were not included 
in this study, several influenza outbreaks in nursing 
homes with high vaccination coverage were detected 
in Navarre in the 2011/12 season [22]. This may be con-
sidered another consequence of the low VE.

This case–control analysis included only laboratory-
confirmed cases and compared them with test-nega-
tive controls recruited in the same healthcare settings 
before either patient or physician knew the laboratory 
result, a fact that provides better comparability and 
reduces selection bias [6]. This type of design has been 
used in other studies that have evaluated influenza VE 
[20,21,23,24]. The case¬–control study was nested in 
a population cohort for which extensive and reliable 
databases were available, and which was treated in 
hospitals and primary healthcare by physicians trained 
to detect and swab ILI patients, all of which can pre-
vent unmeasured confounding [25].

In interpreting the results, some limitations must be 
kept in mind. The study size was insufficient to dem-
onstrate a VE under 40%, which was reflected in wide 
confidence intervals that included zero. It may not be 
possible to generalise the results and apply them to 
other geographical areas, although other published 
studies in the same influenza season are consistent 
with our data [20,21]. Although RT-PCR has high sen-
sitivity for the detection of influenza virus, we can-
not completely rule out some false negative results, 

which would cause a small underestimation of the VE. 
Although all the analyses were adjusted for the com-
monly recognised confounding factors, some residual 
confusion is possible [6].

These results suggest that VE may vary throughout the 
influenza season. The early estimates of influenza VE 
obtained in mid-season may drop during the season. 
This situation should be kept in mind given its implica-
tions for clinical practice and public health; it should 
not be interpreted as an error in the estimates, but as 
a description of reality. These early estimates remain 
enormously useful in redirecting preventive strategies 
during the influenza season and because they can aid 
the selection of strains to be included in the following 
season’s vaccine [20,21].

The description of situations in which influenza VE is 
low should serve as a stimulus to design better influ-
enza vaccines [26], to improve the selection of strains 
contained in the vaccine, to choose the most appro-
priate time for vaccination in each area, to encourage 
vaccination of caregivers of high-risk individuals, and 
to highlight the importance of other preventive meas-
ures that complement vaccination in high-risk popula-
tions, such as promotion of basic hygiene measures 
and avoidance of contact with influenza cases [27]. 
Early treatment with antiviral drugs should be consid-
ered in persons diagnosed with influenza who have a 
high risk of complications, regardless of vaccination 
status [28]. In seasons when influenza starts late, it 
may be useful to revaccinate persons with a high risk 
of complications, especially those who may have a 
reduced immune response due to immunosenescence 
or immunodepression.

Even in seasons in which the effectiveness of influenza 
vaccine is low, it may appreciably reduce the number 
of cases and hospitalisations in high-risk persons. In 
the 2011/12 season in Navarre, the vaccine managed 
to avoid almost one third of the influenza cases in the 
vaccinated at-risk population; while not entirely satis-
factory, this result is important in terms of individual 
and public health.

Conclusions
Our results support a low protective effect of the 
2011/12 seasonal vaccine in Navarre and suggest a 
decline in VE in the elderly with time since vaccina-
tion. Even under these conditions, annual immunisa-
tion of high-risk populations against influenza remains 
of interest, although it should be complemented with 
other preventive initiatives such as basic hygiene 
measures, vaccination of caregivers and avoidance of 
contact with influenza cases.
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The 2011/12 season was characterised by unusually 
late influenza A (H3N2) activity in the United Kingdom 
(UK). We measured vaccine effectiveness (VE) of the 
2011/12 trivalent seasonal influenza vaccine (TIV) in 
a test-negative case–control study in primary care. 
Overall VE against confirmed influenza A (H3N2) infec-
tion, adjusted for age, surveillance scheme and month, 
was 23% (95% confidence interval (CI): -10 to 47). 
Stratified analysis by time period gave an adjusted VE 
of 43% (95% CI: -34 to 75) for October 2011 to January 
2012 and 17% (95% CI: -24 to 45) for February 2012 
to April 2012. Stratified analysis by time since vac-
cination gave an adjusted VE of 53% (95% CI: 0 to 
78) for those vaccinated less than three months, and 
12% (95% CI: -31 to 41) for those vaccinated three 
months or more before onset of symptoms (test for 
trend: p=0.02). For confirmed influenza B infection, 
adjusted VE was 92% (95% CI: 38 to 99). A proportion 
(20.6%) of UK influenza A(H3N2) viruses circulating 
in 2011/12 showed reduced reactivity (fourfold differ-
ence in haemagglutination inhibition assays) to the 
A/Perth/16/2009 2011/12 vaccine component, with 
no significant change in proportion over the season. 
Overall TIV protection against influenza A(H3N2) infec-
tion was low, with significant intraseasonal waning.

Introduction
Following the 2009 influenza pandemic and the first 
post-pandemic influenza season which was dominated 
by influenza A(H1N1)pdm09 virus activity, the United 
Kingdom (UK) experienced unusually late influenza 
activity in 2011/12, peaking only in week 8/2012 [1]. 
The dominant circulating influenza virus in 2011/12 
was influenza A(H3N2), with the disease burden falling 
particularly on the elderly population, as evidenced by 

an increase in excess all-cause mortality and influenza 
outbreaks in nursing home settings. A number of these 
end-of-season outbreaks occurred in populations 
highly vaccinated with influenza vaccine [1]. Influenza 
B also circulated throughout the 2011/12 season, par-
ticularly in January and February 2012.

In 2011/12, the UK, like many other countries, uti-
lised non-adjuvanted trivalent seasonal influenza vac-
cines (TIV) targeted at all those over 65 years of age 
and at those under the age of 65 years falling into a 
clinical risk group. The 2011/12 TIV contained the 
three influenza strains A/California/7/2009 (H1N1)
pdm09-like virus, A/Perth/16/2009 (H3N2)-like virus, 
B/Brisbane/60/2008-like virus, as recommended by 
the World Health Organization (WHO) for the 2011/12 
winter season in the northern hemisphere [1]. The vac-
cination programme started in September 2011 and 
reached an uptake of 74% in those over 65 years of age 
and 51.6% in those under 65 years of age falling into 
a clinical at-risk group by the end of January 2012 in 
England [2]. Early 2011/12 season estimates suggested 
a low to moderate VE against influenza A(H3) of 43% 
(95% CI: -0.4 to 67.7). The occurrence of
 late season outbreaks led to questions about whether 
protection had waned following the 2011/12 vaccina-
tion programme earlier in the season [3,4].

This study presents the end-of-season vaccine effec-
tiveness (VE) for the 2011/12 seasonal TIV in preventing 
medically attended confirmed influenza A(H3N2) and B 
infection. It also examines the protective effect of vac-
cination at different points during the season and by 
time since vaccination, to determine if there is any evi-
dence of intraseasonal waning protection. The results 
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are put into context with available antigenic data for 
circulating A(H3N2) viruses.

Methods

Study population and period
Data were derived from five primary care influenza sen-
tinel surveillance schemes in England (two schemes), 
Scotland, Wales and Northern Ireland. Details of the 
Royal College of General Practitioners (RCGP), Health 
Protection Agency (HPA) Specialist Microbiology 
Network (SMN), Public Health Wales, Public Health 
Agency (PHA) of Northern Ireland and Health Protection 
Scotland (HPS) swabbing schemes have been pre-
sented previously [5].

The study period ran from 1 October 2011 to 16 April 
2012. Cases were defined, as persons presenting dur-
ing the study period in a participating GP practice with 
an acute influenza-like illness (ILI) who were swabbed 
and then tested positive for influenza A(H3N2) or B. A 
case of ILI was defined as an individual presenting in 
primary care with an acute respiratory illness with fever 
or complaint of feverishness. Patients were swabbed 
as part of clinical care, with verbal consent. Controls 
were individuals presenting with ILI in the same period 
who were swabbed and tested negative for influenza. 
Individuals testing positive for other influenza A types 
(including A(H1N1)pdm09) were excluded from the 
study.

A standardised questionnaire collected demographic, 
clinical and epidemiological information from cases 
and controls including date of birth, sex, defined 
underlying clinical risk group, date of onset of respira-
tory illness, date of specimen collection, and influ-
enza vaccination status for 2011/12 with vaccination 
dates completed by the patient’s responsible general 
practitioner.

Laboratory methods
Laboratory confirmation was undertaken using real-
time polymerase chain reaction (RT-PCR) assays for 
circulating influenza A viruses, influenza B viruses and 

other respiratory viruses [6,7]. Samples in England were 
sent to the HPA Microbiology Services, Colindale (RCGP 
scheme) or one of the specialist HPA microbiology lab-
oratories (SMN scheme). Samples in Wales were sent 
to the Public Health Wales Specialist Virology Centre 
and in Scotland to the West of Scotland Specialist 
Virology Centre (HPS scheme) for molecular testing. 
In Northern Ireland samples were sent to the Regional 
Virus Laboratory, Belfast. Influenza viruses were iso-
lated in MDCK or MDCK-SIAT1 cells from RT-PCR posi-
tive samples as previously described [8]. Virus isolates 
were characterised antigenically using post-infection 
ferret antisera in haemagglutination inhibition (HI) 
assays, with guinea pig red blood cells [9]

Statistical methods
Persons were defined as vaccinated if date of vaccina-
tion with the 2011/12 TIV was 14 or more days before 
onset of illness. Those in whom the period between 
vaccination and onset of illness was less than 14 days 
were excluded, as their immune status was unclear. 
If the date of vaccination was missing, as the 2011/12 
campaign occurred before influenza circulation, it was 
assumed that TIV vaccination was more than14 days 
before onset date. If date of onset of symptoms was 
missing then the date was assumed to have been four 
days before the swab was taken (the median interval 
based on the observed data). Respiratory samples with 
a delay greater than 29 days between onset of illness 
and sample collection were excluded as the sensitivity 
of the PCR test decreases for long intervals between 
onset and sampling. A sensitivity analysis was also 
undertaken, censoring at seven days between onset of 
illness and sample collection.

VE was estimated as 1-(odds ratio) using multivariable 
logistic regression models with influenza A(H3N2) or 
influenza B PCR results as outcomes and seasonal vac-
cination status as the linear predictor. In the analyses 
evaluating VE in preventing influenza A(H3N2) infec-
tion, samples positive for influenza B were excluded, 
and vice versa. Age (coded into five standard age 
groups, <5 years, 5–14 years, 15–44 years, 45–64 years 
and ≥65 years), sex, clinical risk group, surveillance 

Table 1
Inclusion and exclusion criteria of participants for specimens submitted, United Kingdom, October 2011–April 2012 

Criteria N Excluded N Included
1. Original participants 3,869

Excluded as interval from onset to sampling >29 days 81
Remaining participants 3,788

2. Analysis of TIV 2010/11
Excluded as missing vaccination history 166
Excluded as vaccinated 0–14 before onset                                          62
Final remaining study participants 3,560
Final for assessment of influenza A(H3N2)                                                                 3,517
Final for assessment of influenza B                                                                             3,184

TIV: trivalent seasonal influenza vaccine.
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Table 2
Details for influenza A(H3N2) and B cases and controls, United Kingdom, October 2011–April 2012 (n=3,869) 

Controls  
(N=3,428)

n (%)

Influenza B cases  
(N=45)
n (%)

Influenza A(H3N2) cases  
(N=396)

n (%)
Age group (years)

<5 257 (7.5) 3 (6.6) 57 (14.4)
5–14 292 (8.5) 10 (22.2) 65 (16.4)
15–44 1,609 (47.0) 18 (40.0) 160 (40.4)
45–64 834 (24.3) 12 (26.7) 86 (21.7)
65+ 423 (12.3) 2 (4.4) 26 (6.6))
Missing 13 (0.4) 0 (0.0) 2 (0.5)

Sex
Male 1,350 (39.4) 18 (40.0) 190 (48.0)
Female 2,052 (59.9) 27 (60.0) 201 (50.8)
Missing 26 (0.8) 0 (0.0) 5 (1.3)

Month of sample collection
October 477 (13.9) 0 (0.0) 3 (0.8)
November 735 (21.4) 1 (2.2) 4 (1.0)
December 731 (21.3) 3 (6.7) 14 (3.5)
January 578 (16.9) 6 (13.3) 56 (14.1)
February 470 (13.7) 20 (44.4) 173 (43.7)
March 365 (10.7) 13 (28.9) 137 (34.6)
April 72 (2.1) 2 (4.4) 9 (2.3)

Surveillance scheme
RCGP 1,748 (51.0) 23 (51.1) 267 (67.4)
SMN 305 (8.9) 12 (26.7) 31 (7.8)
HPS 1,198 (35.0) 9 (20.0) 89 (22.5)
Wales 61 (1.8) 0 (0.0) 0 (0.0)
Northern Ireland 116 (3.4) 1 (2.2) 9 (2.3)

Risk group
No 2,365 (69.0) 33 (73.3) 301 (76.0)
Yes 709 (20.7) 6 (13.3) 60 (15.2)
Missing 354 (10.3) 6 (13.3) 35 (8.8)

Interval onset to sampling (days)
0–1 338 (9.9) 4 (8.9) 62 (15.7)
2–4 1,223 (35.7) 22 (48.9) 193 (48.7)
5–7 812 (23.7) 11 (24.4) 80 (20.2)
8–14 506 (14.8) 5 (11.1) 22 (5.6)
15–29 236 (6.9) 1 (2.2) 10 (2.5)
≥29 74 (2.2) 0 (0.0) 7 (1.8)
Missing onset date 239 (7.0) 2 (4.4) 22 (5.6)

Vaccination status (only considering TIV)
Unvaccinated 2,586 (75.4) 43 (95.6) 325 (82.1)
Vaccinated (0–13 days ago) 62 (1.8) 1 (2.2) 0 (0.0)
Vaccinated (14–91 days agoa) 402 (11.7) 0 (0.0) 8 (2.0)
Vaccinated (>91 days agoa) 221 (6.5) 1 (2.2) 50 (12.6)
Missing 157 (4.6) 0 (0.0) 13 (3.3)

HPS: Health Protection Scotland; RCGP: Royal College of General Practitioners’ surveillance scheme; SMN: Health Protection Agency (HPA) 
Specialist Microbiology Network.
Note: Differences between cases and controls for all variables in this table were statistically significant.
a Where a date of vaccination was missing this was estimated by assuming vaccination was on 19 October 2011, the median time of 

vaccination in controls with onset in 2012.
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scheme (RCGP, SMN, HPS, Wales, Northern Ireland) 
and date of sample collection (month) were investi-
gated as potential confounding variables. To investi-
gate whether the VE changed in relation to time since 
vaccination analyses stratifying influenza A(H3N2) VE 
by time since vaccination (<3 months, ≥3 months) and 
by period (October to January, February to April) were 
undertaken. To test for the significance of changes in 
VE with the time since vaccination, the multivariable 
logistic regression was performed in vaccinated indi-
viduals with days since vaccination (between vaccina-
tion and onset date) included as a continuous variable. 
As testing for evidence of waning was one of the pri-
mary study objectives of the study, multiple testing 
adjustments were not made.

All statistical analyses were carried out in Stata ver-
sion 12 (StataCorp, College Station, Texas).

Results
A total of 3,893 individuals were swabbed in pri-
mary care during the study period. Six were excluded 
because they were positive for influenza A(H1N1)
pdm09, two because the swab result was inconclusive 
and 16 because no laboratory result was available. 
This left 3,869 persons in the analysis. Table 1 sum-
marises which of those individuals were excluded from 
the analysis of effectiveness.

Of these 3,869, 2,038 (52%) were collected from the 
RCGP scheme, 1,296 (33%) from the HPS scheme, 348 
(9%) from the SMN scheme, 61 (2%) from the Public 

Health Wales Scheme and 126 (3%) from the Northern 
Ireland Scheme. The demographic and epidemiological 
characteristics of cases and controls are summarised 
in Table 2. There were statistically significant differ-
ences between cases and controls for all variables in 
Table 2. Vaccine date was unknown for 148 individu-
als who had received TIV. Although date of onset was 
missing for 263 (7%) individuals, these were included 
with onset date defined as swab date minus four days.

Model fitting for vaccine effectiveness 
estimation
When estimating vaccine effects, age group, sex, time 
period (defined by month of sample collection) and sur-
veillance scheme were adjusted for in a multivariable 
logistic regression model. Although all these variables 
were significantly associated with having a positive 
swab, only age group and month of sample collection 
were confounders for the vaccine effects. Tables 3, 4 
and 5 show vaccine effectiveness estimates against 
influenza A(H3N2) and B according to vaccination sta-
tus and time since vaccination and period.

Vaccine effectiveness against influenza 
A(H3N2) infection
The adjusted VE estimate for TIV 2011/12 against influ-
enza A(H3N2) was 23% (95% confidence interval (CI): 
-10 to 47). Stratifying by time period resulted in an 
adjusted VE for TIV 2011/12 of 43% (95% CI: -34 to 75) 
for the period October 2011 to January 2012, compared 
with 17% (95% CI: -24 to 45) for the period February 
2012 to April 2012 (Table 3).

Table 3
Samples positive (cases) and negative (controls) for influenza A(H3N2) according to vaccination status and vaccine 
effectiveness estimates, United Kingdom, October 2011–April 2012 (n=3,517 for crude,  n=3,474 for adjusted analysis)

Period Vaccination status Number of cases: controls Crude VE 
% (95% CI) 

Adjusted VEa 
% (95% CI)

Oct 2011–Apr 2012
Unvaccinated 320:2,531

26 (1 to 45) 23 (-10 to 47)
Vaccinated 57:609

Oct 2011–Jan 2012
Unvaccinated 60:1,861

42 (-22 to 73) 43 (-34 to 75)
Vaccinated 8:430

Feb 2012–Apr 2012
Unvaccinated 260:670

29 (1 to 50) 17 (-24 to 45)
Vaccinated 49:179

CI: confidence interval; VE: vaccine effectiveness.
a  Adjusted for age group, sex, month and surveillance scheme.

Table 4
Samples positive (cases) and negative (controls) for influenza B according to vaccination status and vaccine effectiveness 
estimates, United Kingdom, October 2011–April 2012 (n=3,184 for crude,  n=3,148 for adjusted analysis)

Period Vaccination status Number of cases: controls Crude VE 
% (95% CI) 

Adjusted VEa 
% (95% CI)

October 2011–April 2012
Unvaccinated 43:2,531

90 (30 to 99) 92 (38 to 99)
Vaccinated 1:609

CI: confidence interval; VE: vaccine effectiveness.
a Adjusted for age group, sex, month and surveillance scheme.
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The adjusted age-specific estimates suggested pro-
tection was lower in the middle age groups (15 to 64 
years), although the observed differences were not 
significant. There were significant differences in VE 
in relation to the interval since vaccination, with an 
adjusted VE of 53% (95% CI: 0 to 78) if the time from 
onset to vaccination was less than three months, com-
pared with 12% (95% CI: -31 to 41) if the time was three 
months or more (test for trend: p=0.02).

The adjusted VE for TIV 2011/12 against influenza 
A(H3N2) with time since vaccination and interval from 
onset to swab included in the model is shown in Table 
5. There was no significant difference in adjusted VE 
by scheme or by time from onset to swab (Table 5). 
Information on risk group was missing for 395 of 3,869 
samples (10.2%) and was therefore not included in the 
final model. If risk group was included, the VE esti-
mates remained unchanged.

Vaccine effectiveness against influenza B 
infection
The adjusted VE of TIV against influenza B was 92% 
(95% CI: 38 to 99) adjusted for age group, sex, time 
period and surveillance scheme. There no evidence 
that the VE varied by age group, although the numbers 
were small (with only a single vaccinated influenza 
B case with a B/Yamagata lineage infection). It was 
therefore not possible to stratify by time since vaccina-
tion, or by time period, to determine if there was reduc-
tion in protection.

Antigenic characterisation of circulating 
A(H3N2) viruses
The majority of the 160 A(H3N2) 2011/12 viruses ana-
lysed (79.4%) were antigenically similar to the A/
Perth/16/2009 2011/12 H3N2 vaccine component, with 
some (20.6%) A(H3N2) viruses showing reduced reactiv-
ity in antigenic characterisation assays with antiserum 

Table 5
Adjusted vaccine effectiveness estimates for influenza A(H3N2) by age, surveillance scheme and by time since vaccination, 
United Kingdom, October 2011–April 2012 (n=3,478)

Factor Level Adjusted VEa 
% (95% CI)

p value for VE varying across 
factor

Age

<5 52 (-446 to 96)

0.83

5–14 69 (-172 to 97)
15–44 7 (-67 to 48)
45–64 11 (-56 to 49)
All <65 19 (-19 to 45)

≥65 48 (-50 to 82)

Scheme

RCGP 36 (0 to 60)

0.37
SMNb -46 (-600 to 45)
HPSb -4 (-107 to 48)

Wales N too low
Northern Ireland N too low

Time since vaccination
<3 months 53 (0 to 78)

0.02c

≥3 months 12 (-31 to 41)

Interval onset to swab
<7 days 23 (-15 to 50)

0.69
7 to 29 days or not known 29 (-72 to 70)

CI: confidence interval; HPS: Health Protection Scotland; RCGP: Royal College of General Practitioners’ surveillance scheme; RMN: Health 
Protection Agency (HPA) Specialist Microbiology Network, VE: vaccine effectiveness.
a  Adjusted for age group, sex, month  and surveillance scheme.
b  Note that positive swabs from SMN and HPS  were mainly taken after January 2012 with only four and six positive samples by January, 

respectively. RCGP had 65 positive swabs by January and gave a VE estimate for samples up to January of 50% (95% CI: -25 to 80), and one 
of 59% (95% CI: 1 to 83) for those vaccinated within three months before symptom onset.

c  Test for trend using time since vaccination as continuous.

Table 6
Proportion of influenza A/H3N2 isolates with difference in haemagglutination inhibition assay titres compared to the A/
Perth/16/2009 2011/12 H3N2 vaccine component, United Kingdom, October 2011–April 2012 (n=160)

Period <4-fold difference in HI 4-fold difference in HI >4-fold difference in HI
October 2011–January 2012 86.9% (20/23) 13.0% (3/23) 0% (0/23)
February 2012–April 2012 78.1% (107/137) 21.9% (30/137) 0% (0/137)
October 2011–April 2012 79.4% (127/160) 20.6% (33/160) 0% (0/160)

HI: haemagglutination inhibition.
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raised against influenza A/Perth/16/2009 (fourfold 
difference in HI assays; Table 6). A more than fourfold 
difference in HI assay titres with reference antiserum 
is considered to be significant antigenic drift [10]. The 
proportion with a fourfold difference increased but 
did not change significantly over the duration of the 
2011/12 season (from 13% in the period October 2011 
to January 2012 to 21.9% in the period February 2012 to 
April 2012). Antigenic analysis of A(H3N2) virus isolates 
from combined sentinel and non-sentinel sources, con-
firmed the change in proportion over the two time peri-
ods to be non-significant (data not shown).

Discussion
This observational study of influenza VE for TIV against 
laboratory-confirmed influenza infection in primary 
care in the UK 2011/12 winter season, a late, low inten-
sity influenza season with A(H3N2) as the dominant 
circulating strain, has several key findings: firstly, the 
2011/12 seasonal influenza vaccine was overall poorly 
protective in preventing influenza A(H3N2) infection; 
secondly, vaccine protection was moderate in the first 
three months of the season, but  reduced in the sec-
ond three months; thirdly, there was evidence of wan-
ing protection against influenza A(H3N2) three months 
after vaccination; and finally, the 2011/12 TIV was 
highly protective against the circulating influenza B 
strain.

The test-negative case–control study design is becom-
ing an increasingly well established approach to 
measure influenza vaccine effectiveness [11,12]. One 
criticism of the method relates to the selected control 
population (test-negatives). In fact, use of this control 
group of individuals consulting in primary care with 
a respiratory illness that is not influenza is believed 
to overcome differences in health-seeking behaviour 
between cases and controls. Another criticism relates 
to the inclusion of individuals who were tested up to 
29 days after disease onset, rather than those tested 
within seven days of onset. It is argued that test sen-
sitivity declines with time from onset to swab and that 
such an approach may result in misclassification of 
cases as controls. We demonstrated that restricting 
samples to those taken within seven days of symp-
tom onset did not significantly change the estimated 
vaccine effectiveness, although it did lead to loss of 
power as individuals were discarded. We did not adjust 
for multiple testing because waning was a priori of 
interest and was an objective of the study. This study 
based on surveillance data only had access to limited 
information on confounders. However, observational 
VE studies based on routine electronic health data in 
primary care using RCGP data [13] suggest that the 
most important confounders have been captured in our 
analysis. Indeed in our paper, we found risk status was 
not an important confounding variable, and to maxim-
ise power it was not included in the final multivariable 
analysis.

Our study demonstrates that during the 2011/12 influ-
enza season, the 2011/12 TIV was overall poorly effec-
tive (with a non-significant adjusted VE of 23%) in 
protecting against confirmed influenza A(H3N2) infec-
tion for persons consulting their general practitioner 
(GP) with an ILI. Early estimates from the 2011/12 sea-
son have been published by several other countries 
– including a pooled case–control study from several 
European countries [3] and a study from Spain [4], 
demonstrating a low to moderate VE (43% and 55% 
respectively). It has been postulated in these stud-
ies that this could be due to a combination of a poor 
match between the 2011/12 TIV A(H3N2) virus strain (A/
Perth/16/2009) and the circulating A(H3N2) virus, and 
a waning protection. In the UK we found that the major-
ity of characterised A(H3N2) viruses were antigeni-
cally similar to the vaccine component, with a notable 
proportion of A(H3N2) viruses showing some reduced 
reactivity in antigenic characterisation assays, but no 
significant change in that proportion over the dura-
tion of the 2011/12 season. Thus a certain degree of 
mismatch may explain the initial moderate protection, 
but does not seem to provide a complete explanation 
for the observed reduction in vaccine effectiveness 
over the course of the season and with increasing time 
since vaccination. These observations could challenge 
our current view on how mismatch is to be defined – an 
issue highlighted by Skowronski et al. [14]

An alternative explanation may be waning immunity. 
Our study demonstrates that influenza A(H3N2) vaccine 
effectiveness was higher in the first three months of 
the 2011/12 season compared to the last three months. 
In addition, TIV VE was moderate and significantly 
higher when disease onset was within three months 
of vaccination compared to three months or more. The 
UK, indeed, experienced an extremely late and mild 
influenza season in 2011/12, with influenza A(H3N2) 
activity not peaking until week 8 in 2012, such as has 
rarely been observed in previous GP weekly consulta-
tion data from RCGP (for example activity peaked in 
week 11 in 1993 when the dominant circulating strains 
were A(H1N1) and B, with both strains included in the 
vaccine). This present observation was accompanied 
by reports of outbreaks of influenza A(H3N2) in nurs-
ing home settings, which frequently had a high propor-
tion of vaccinated persons [1]. Waning intraseasonal 
vaccine protection would provide an explanation for 
these observations. At least two published studies 
have demonstrated intraseasonal waning in antibody 
titre following seasonal influenza vaccination [15,16]. 
Bothshowed a significant reduction in antibody titre in 
elderly populations 20 to 22 weeks after vaccination. 
This would provide a biological explanation for our 
observed reduction in vaccine effectiveness over this 
particularly late season, where the median time from 
vaccination to disease onset was approximately three 
months. There are few reports of this in the literature: 
a large summertime outbreak due to circulation of a 
drifted A/Sydney/05/97-like (H3N2) virus reported in 
elderly tourists in Alaska was reported to have been 
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due to a combination of drift and waning immunity 
[17]. Our study was not adequately powered to be able 
to examine age-specific differences in waning and to 
determine if the effect was particularly marked in the 
elderly.

The 2011/12 TIV VE estimate against influenza B demon-
strates high protection. This corresponds only partially 
with the virological data, which shows that in 2011/12, 
both B/Yamagata-lineage and B/Victoria-lineage influ-
enza B viruses co-circulated in the UK. Furthermore the 
majority of influenza B circulated late in the season, 
like the A(H3N2) virus [1]. Thus although we were not 
able to formally examine if there had been a reduction 
in protection connected to either time in the season or 
time since vaccination, effectiveness against influenza 
B was still high at the end of the season, with single 
vaccine failure occurring in a person infected with the 
B/Yamagata-lineage non-vaccine strain.

In conclusion, this end of season study provides impor-
tant evidence that the 2011/12 season’s TIV provided 
good protection against influenza B, but overall poor 
protection against the dominant circulating influenza 
A(H3N2) virus. This observation seems to be at least 
partially related to waning protection. The relative 
contributions of waning immunity and vaccine mis-
match are unclear. This highlights the importance of 
future work to examine this phenomenon further. The 
study, however, reinforces the recommendation that 
annual re-immunisation of target groups is required 
regardless of TIV vaccination the previous season. The 
concept that vaccine protection can be so short-lived 
provides a challenge for public health policy. Influenza 
immunisations are given before the start of the influ-
enza season when vaccine becomes available. In many 
winters, protection will therefore be optimal when the 
peak period of activity occurs in the first half of the 
winter. Influenza activity, however, can occur in the 
second half of the winter season, when protection may 
be waning. This highlights the pressing need for the 
development of influenza vaccines which provide bet-
ter and longer-lasting protection, whether in terms of 
antigen content or formulation, e.g. through the use of 
adjuvants. In the interval, until such vaccines become 
available, this poses a policy question about whether 
there is a role for a second dose of seasonal influenza 
vaccine in certain circumstances: for example,  when 
faced with late season outbreaks particularly in the 
groups most at risk of complications.

Our findings reinforce the need for annual revaccina-
tion and for early intraseasonal estimates of vaccine 
effectiveness to provide information for public health 
action, in particular to inform the annual WHO recom-
mendation for composition of the vaccine for the fol-
lowing season. The identification of low or moderate 
vaccine effectiveness may allow communication of pub-
lic health messages to clinicians to suspect influenza 
infection even in their highly vaccinated populations 

and have a lower threshold for prescribing of antiviral 
drugs to prevent the worst complications of influenza.
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Within the Influenza Monitoring Vaccine Effectiveness 
in Europe (I-MOVE) project we conducted a multicen-
tre case–control study in eight European Union (EU) 
Member States to estimate the 2011/12 influenza 
vaccine effectiveness against medically attended 
influenza-like illness (ILI) laboratory-confirmed as 
influenza A(H3) among the vaccination target groups. 
Practitioners systematically selected ILI / acute respir-
atory infection patients to swab within seven days of 
symptom onset. We restricted the study population to 
those meeting the EU ILI case definition and compared 
influenza A(H3) positive to influenza laboratory-nega-
tive patients. We used logistic regression with study 
site as fixed effect and calculated adjusted influenza 
vaccine effectiveness (IVE), controlling for poten-
tial confounders (age group, sex, month of symptom 
onset, chronic diseases and related hospitalisations,  
number of practitioner visits in the previous year). 
Adjusted IVE was 25% (95% confidence intervals (CI): 
-6 to 47) among all ages (n=1,014), 63% (95% CI: 26 
to 82) in adults aged between 15 and 59 years and 
15% (95% CI: -33 to 46) among those aged 60 years 
and above. Adjusted IVE was 38% (95%CI: -8 to 65) in 
the early influenza season (up to week 6 of 2012) and 
-1% (95% CI: -60 to 37) in the late phase. The results 
suggested a low adjusted IVE in 2011/12. The lower 
IVE in the late season could be due to virus changes 
through the season or waning immunity. Virological 
surveillance should be enhanced to quantify change 

over time and understand its relation with duration 
of immunological protection. Seasonal influenza vac-
cines should be improved to achieve acceptable levels 
of protection.

Introduction 
Unlike the formulation of other vaccines, the formula-
tion of seasonal influenza vaccines is reviewed annu-
ally by the World Health Organization (WHO) and 
frequently adapted to the constantly evolving nature of 
influenza viruses.

How the vaccine performs in target group populations 
cannot be anticipated by pre-authorisation efficacy tri-
als in healthy young adults, immunogenicity studies or 
the relatedness of vaccine and circulating viruses. Field 
influenza vaccine effectiveness (IVE) studies provide 
essential additional information to advise stakeholders 
on the performance of the vaccine, to contribute to vac-
cine strain selection process and to inform when addi-
tional measures, such as antivirals, are needed given a 
low observed effectiveness early in the season. 

In the European Union (EU) countries, the seasonal 
influenza vaccine is recommended annually for spe-
cific target groups, including those at risk of severe 
disease, the largest groups being older individuals 
(generally 60 or 65 years and above, depending on 
the country) and all those over six months of age with 
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underlying medical conditions in the following catego-
ries: chronic respiratory and cardiovascular diseases, 
chronic metabolic disorders, chronic renal and hepatic 
diseases and immune system dysfunctions (congenital 
or acquired) [1].

In 2007, the European Centre for Disease Prevention 
and Control (ECDC) and a network of 18 public health 
institutes established the Influenza Monitoring Vaccine 
Effectiveness in Europe (I-MOVE) project which monitors 
IVE each season in the EU and the European Economic 
Area (EEA) [2]. Currently 20 public health institutes 
from the EU and EEA are part of the I-MOVE network, 
which is coordinated by EpiConcept under the umbrella 
of ECDC [3]. One component of I-MOVE is a multicentre 
case–control study, which has provided IVE estimates 
each season since the pilot season in 2008/09 [4–8]. 
All study sites follow a generic protocol [9].

During the pilot phase in the 2008/09 season, the 
pooled adjusted IVE estimates from the multicentre 
case–control study, restricted to individuals aged 65 
years and above , suggested an overall IVE of 59.1% 
(95% confidence intervals (CI): 15.3 to 80.3%). In the 
subsequent season 2009/10, an adjusted pandemic 
IVE of 71.9% (95% CI: 45.6 to 85.5) among all age 
groups was estimated and in the 2010/11 season an 
adjusted IVE of 56.2% (95% CI: 34.3 to 70.7) was cal-
culated among the target group for vaccination [4,5,7].

The aim was to provide overall and age-specific IVE 
estimates among what is defined as the target group 
for vaccination in these countries [10–17]. We restricted 
the analysis to influenza A(H3), as this was the pre-
dominant strain during the season [18]. The 2011/12 
seasonal influenza A(H3) vaccine virus for the northern 
hemisphere was A/Perth/16/2009 (H3N2)-like virus.

Methods
The eight study sites included in the 2011/12 I-MOVE 
multicentre case–control study were based in France, 
Hungary, Ireland, Italy, Poland, Portugal, Romania and 
Spain. At each study site, practitioners already partici-
pating in the European Influenza Surveillance Network 
(EISN) were invited to take part in the study [19]. In 
addition, study sites in Hungary and Portugal invited 
practitioners outside the EISN network.

The study population consisted of non-institutionalised 
influenza-like-illness (ILI) patients without contraindi-
cations for vaccination who were swabbed within less 
than eight days after symptom onset. Practitioners 
carried out naso-pharyngeal swabbing and collected 
information from patients consulting for ILI or, for 
France only, for acute respiratory infection (ARI). Only 
patients adhering to the EU ILI case definition were 
included (sudden onset of symptoms and at least one 
of the following four systemic symptoms: fever or fever-
ishness, malaise, headache, myalgia; and at least one 
of the following three respiratory symptoms: cough, 
sore throat, shortness of breath) [20]. In all study sites, 

practitioners swabbed all elderly (60 or 65 years old 
and older) consulting for ILI, except for France where 
a proportion of elderly consulting for ARI were system-
atically selected for swabbing. Practitioners systemati-
cally selected patients from other age groups to swab 
using statistical sampling, except for Romania, where 
all patients consulting for ILI were swabbed. Hungary 
restricted their study population to those aged 18 
years and over.

All participants in the study gave oral or written con-
sent, in adherence with country requirements for ethi-
cal approval at each study site. The study period began 
15 days after the start of the respective 2011/12 sea-
sonal influenza vaccination campaign in each country.

Practitioners used standardised country-specific ques-
tionnaires to collect information on ILI signs and symp-
toms, sex, age, seasonal influenza vaccination in the 
2011/12 and 2010/11 seasons, pregnancy, chronic con-
ditions (including obesity, as defined in the participat-
ing countries), number of hospitalisations for chronic 
conditions in the past 12 months, receipt of antivirals 
(Spain and France excluded), and number of general 
practitioner (GP) visits in the past 12 months. Study 
sites included a question on belonging to the target 
group for vaccination, apart from France and Portugal, 
where this information was gathered using information 
on age, chronic conditions, and pregnancy. In addition, 
information related to target groups for vaccination 
was gathered in Portugal on whether the patient was a 
health professional or carer and a co-habitant or carer 
of a patient at-risk aged less than six months.

Among ILI patients fulfilling the inclusion criteria, 
we defined a case of influenza as a study partici-
pant whose swab tested positive for influenza virus 
by reverse-transcription polymerase chain reaction 
(RT-PCR) or culture. We classified patients with swabs 
testing negative for influenza virus as controls. 

Swabs were tested for influenza at the respective 
country’s National Influenza Reference Laboratory. In 
France, Italy, and Spain, tests were also conducted 
in other laboratories participating in the National 
Influenza Sentinel Surveillance System. At all study 
sites a subset of isolates were genetically and/or anti-
genically characterised. Details of laboratory viral 
detection, typing, subtyping and variant analysis per-
formed are described elsewhere [21].

We defined a person as vaccinated if they had received 
at least one dose of 2011/12 seasonal influenza vaccine 
more than 14 days prior to ILI/ARI symptom onset. All 
the others were classified as unvaccinated.

The eight study teams sent their data to EpiConcept, 
where they were pooled and analysed. We carried out 
an analysis restricted to the A(H3) influenza type. We 
excluded controls presenting to the practitioner before 
the week of symptom onset of the first case and after 
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the last case of influenza A(H3) in each country respec-
tively. We restricted the study population to the target 
groups for vaccination. We compared the character-
istics of cases and controls using chi-square tests, 
t-tests, Fisher’s exact test or the Mann-Whitney test 
depending on the nature of the variable.

We used Cochran’s Q-test and the I2 index to test the 
heterogeneity between study sites [22].

We estimated the pooled IVE as 1 minus the odds ratio 
(OR) of being vaccinated in cases versus controls, using 
a one-stage method with study site as fixed effect in 
the model. 

To estimate adjusted IVE, we used a logistic regression 
model including potential confounding factors: age (10-
year age bands), sex, presence of at least one chronic 
condition (including pregnancy and obesity), at least 

Figure 1
Influenza-like illness / acute respiratory infection rates by week of symptom onset as reported by the national sentinel 
systems, I-MOVE multicentre case–control study, study sites in eight European Union countries, influenza season 2011/12

ARI: acute respiratory infection; ILI: influenza-like illness.
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one hospitalisation in the previous 12 months for the 
chronic condition, number of practitioner visits in the 
previous 12 months (0-1, 2-4 and ≥5 visits) and month 
of symptom onset.

We stratified IVE into three age groups (0–14, 15–59 
and 60 years and above). Since the influenza season 
started unusually late in Europe, we studied IVE in the 
early and late phase of the season and by time since 
vaccination [23]. The early and late phases of the influ-
enza season were defined as up to and including week 
6 of 2012 and from week 7 respectively, categories 
which allow for a similar sample size. In each of the 
two phases, we also calculated IVE by time since vacci-
nation, with IVE estimates for symptom onset less than 
93 days (around three months) since vaccination and 
93 days or more since vaccination.

We conducted all statistical analysis using Stata ver-
sion 12 (StataCorp. 2011. Stata Statistical Software: 
Release 12. College Station, TX: StataCorp LP).

Results 
In the eight participating countries, influenza peaked 
at different times – from week 5 in Italy and Poland to 
week 10 in Portugal (Figure 1). 

A total of 16 vaccines were used at the country study 
sites, of which four were adjuvanted. The start of 
the country-specific vaccination campaigns ranged 
between 12 September 2011 (Poland) and 15 December 
2011 (certain regions in Romania). A total of 1,057 prac-
titioners agreed to participate in the study of which 747 

(71%) recruited at least one patient, giving a total of 
4,746 patients recruited (Table 1).

After exclusion of one individual who had received 
antivirals prior to swabbing, 21 individuals for whom 
laboratory results were missing, 10 individuals who 
received vaccination prior to the begin of the coun-
try’s national vaccination campaign, 170 individuals 
who did not adhere to the EU ILI case definition, 19 
individuals who were swabbed more than seven days 
after symptom onset and 163 individuals who pre-
sented before or after the week of onset of the first 
and last influenza case respectively, 4,362 individuals 
met the study inclusion criteria. Among those, 2,084 
were cases, of which 1,764 were positive for influenza 
A(H3) (84.6%), 30 were positive for influenza A(H1N1) 
(1.4%), 39 were influenza A unsubtypable (1.9%) and 
251 were positive for influenza B (12.0%). As the analy-
sis was restricted to the A(H3) subtype, the 320 indi-
viduals who had an influenza type other than A(H3) 
were excluded. As the study site in Poland reported 
no A(H3) cases, all controls from this study site were 
excluded from the analysis (a further 112 records). 
An additional 18 individuals who presented before 
and after the first and last case of influenza A(H3) 
respectively were excluded. This gave a total of 3,912 
patients, of whom 1,033 (26.4%) were part of the tar-
get group for vaccination (Figure 2). 
 
We included 1,016 ILI patients without missing infor-
mation on seasonal vaccination (12 patients) or other 
covariates (five patients) in the IVE complete case 
analysis: 437 cases and 579 controls. A further eight 

Table 1
Participating practitioners and recruited influenza-like illness patients, by A(H3) influenza case–control status, vaccination 
status and study site, multicentre case–control study, study sites in eight European Union countriesa, 2011/12

ILI: Influenza-like illness; ISO: International Organization for Standardization. NA: not applicable
a  France, Hungary, Ireland, Italy, Poland, Portugal, Romania, Spain
b  ILI patients meeting the European Union case definition, swabbed less than eight days after onset of symptoms. 
c  From 15 days after the start of the vaccination campaign; controls with an onset of symptoms in the weeks prior to the first influenza A(H3) 

case or after the last influenza A(H3) case were excluded. 
d  ILI patients in a target group for vaccination included in the study, after excluding those with missing information on laboratory results, 

vaccination status or date of vaccination.

Study site

Number of 
practitioners 
participating
in the study 

Number of 
practitioners 
recruiting at 
least one ILI 

patientb

Number of 
ILI patientsb 
recruited by 
practitioners

Inclusion period 
(ISO weeks)c

Number of ILI patients 
positive for influenza 
A(H3) and with known 

vaccination statusd 

included in the study

Number of ILI patients 
included in the study 

negative for any 
influenza and with 
known vaccination 

statusd

Total Vaccinated Total Vaccinated
France 499 319 1,264 Week 52/2011–week 15/2012 75 30 84 34
Hungary 94 77 923 Week 49/2011–week 17/2012 30 13 219 73
Ireland 29 16 137 Week 48/2011–week 12/2012 12 7 9 6
Italy 10 10 191 Week 48/2011–week 10/2012 21 7 37 17

Poland 35 22 170 Not included in analysis (no 
influenza A(H3) cases) 0 NA NA NA

Portugal 59 35 352 Week 51/2011–week 12/2012 59 15 77 35
Romania 100 71 238 Week 52/2011–week 14/2012 33 2 45 8
Spain 231 197 1,471 Week 52/2011–week 13/2012 210 81 110 39
Total 1,057 747 4,746 - 440 155 581 212
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patients from France with imprecise vaccination dates 
were excluded in the analysis by time since vaccination.

The vaccination coverage in the studies was 35.9% 
(n=367) among the target group for vaccination and 
varied by study site from 12.8% (Romania) to 61.9% 
(Ireland).

The median age was higher among cases (62.0 years; 
interquartile range (IQR): 37–70 years) than among 
controls (58.0 years; IQR: 41–69 years) (Table 2).
  
The proportion of cases presenting with any of the 
following symptoms was higher than controls: fever, 
malaise, myalgia and cough. A greater proportion of 
controls than cases had heart disease or at least one 
chronic condition. A greater proportion of controls vis-
ited their practitioner five or more times in the previ-
ous 12 months. A greater proportion of cases were 
swabbed within three days of symptom onset, but this 
was not statistically significant to the 5% level. The 
delay between vaccination and symptom onset was 
shorter for controls (median: 88.5 days, IQR: 64-115 
days) than for cases (median: 116.0 days, IQR: 95-131 
days).

Figure 2
Flowchart of data exclusion for pooled analysis, I-MOVE 
multicentre case–control study, study sites in eight 
European Union countries, 2011/12

ILI: Influenza-like illness; ISO: International Organization for 
Standardization. 
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Figure 3
Pooled adjusted 2011/12 seasonal vaccine effectiveness 
against laboratory-confirmed influenza A(H3) cases in 
vaccination target groups, by time since vaccination, at 
study sites in seven European Union countriesa, week 
46/2011–week 17/2012 (n=1,008)

a  France, Hungary, Ireland, Italy, Portugal, Romania, Spain
b  Lower boundary 95% CI: -288.
c  Model adjusted for presence of at least one chronic disease, 

sex, at least one hospitalisation for chronic disease in the 
previous 12 months, age group, practitioner visits in the 
previous 12 months ( 0-1, 2-4 and ≥5 visits), month of symptom 
onset and study site.

d  November dropped due to no cases (two records dropped), eight 
records omitted from France, due to imprecise vaccination date.

46.8 

10.5 

48.4 

21.8 

-30.3 

1.0 

-80

-60

-40

-20

0

20

40

60

80

100

Vaccinated
<93 days

before
symptom

onset

Vaccinated 
≥93 days 

before
symptom 

onset 

Vaccinated
<93 days

before
symptom

onset

Vaccinated 
≥93 days 

before
symptom 

onset 

Vaccinated 
<93 days 

before
symptom 

onsetb

Vaccinated 
≥93 days 

before
symptom 

onset 

Adjustedcd (n=1,006) Adjustedcd (n=511) Adjustedcd (n=495)
Overall Early influenza phase Late influenza phase

In
flu

en
za

 v
ac

ci
ne

 e
ffe

ct
iv

en
es

s 
(%

) 



38 www.eurosurveillance.org

The Q test (p=0.142) and the I2 index (37.6%) testing 
for heterogeneity between the individual crude IVE 
estimates of the seven study sites included, suggested 
low to medium statistical heterogeneity.

Crude IVE against A(H3) was 12.2% (95% CI: -17.2 to 
34.2) and the adjusted IVE was 24.8% (95% CI: -5.6 to 
46.5) (Table 3). Due to small sample size, an adjusted 
IVE was not interpretable among the individuals under 
15 years of age. Among those aged between 15 and 59 
years, the adjusted IVE was 63.3% (95% CI: 25.9 to 
81.8) and 15.1% (95% CI: -33.1 to 45.9) among those 
aged 60 years and over.

In the early phase of the season (week 46/2011 to 
week 6/2012) the adjusted IVE was 38.1% (95% CI: -7.9 
to 64.5) and in the late phase -0.7% (95% CI: -59.8 to 
36.5). The adjusted IVE among persons with onset of 
symptoms less than three months since vaccination 
was 46.8% (95% CI: 9.0 to 68.9) and the IVE among 
persons with onset of symptoms three months or more 
since vaccination was 10.5% (95% CI: –32.5 to 39.5) 
(Figure 3).

When restricting to the early influenza phase, IVE 
among persons with onset of symptoms less than 93 
days since vaccination was 48.4% (95% CI: -3.5 to 74.3) 
and the IVE among persons with onset of symptoms 

Table 2
Characteristics of A(H3) influenza cases (n=446) and test-negative controls (n=587) in vaccination target groups, 
multicentre case–control study, seven European Union countriesa, week 46/2011–week 17/2012

Characteristic

Number of A(H3) 
influenza cases/total  

 
n (%)b

Number of test-
negative  

controls/total  
n (%)b

p value

Median age 62.0 58.0 0.008c

Age group (years)
   0-4 15/446 (3.4) 24/587 (4.1) 0.05d

   5-14 23/446 (5.2) 19/587 (3.2) -
 15-59 164/446 (36.8) 272/587 (46.3) -
   ≥ 60 244/446 (54.7) 272/587 (46.3) -

Female sex 242/446 (54.3) 357/587 (60.3) 0.056d

Symptoms 
  Fever 425/444 (95.7) 523/584 (89.6) <0.001d

  Malaise 349/365 (95.6) 457/498 (91.8) 0.026d

  Myalgia 394/444 (88.7) 465/583 (79.8) <0.001d

  Cough 425/445 (95.5) 525/587 (89.4) <0.001d

  Sore throat 318/441 (72.1) 451/587 (76.8) 0.095d

  Shortness of breath 96/439 (21.9) 139/580 (24.0) 0.453d

Days between onset of symptoms and swabbing
<4 399/446 (89.5) 508/587 (86.5) 0.179d

≥4 47/446 (10.5) 79/587 (13.5) -
Seasonal vaccinationd 2011/12 155/440 (35.2) 212/581 (36.5) 0.693d

Seasonal vaccination 2010/11 147/441 (33.3) 213/584 (37.0) 0.236d

Obesityf 56/446 (12.6) 97/587 (16.5) 0.078d

Heart diseases 99/446 (22.2) 194/587 (33.0) <0.001d

At least one chronic condition (including pregnancy) 295/446 (66.1) 467/587 (79.6) <0.001
Smoker 
      Current 44/365 (12.1) 75/496 (15.1) 0.176d

      Former 60/365 (16.4) 96/496 (19.4) -
      Never 261/365 (71.5) 325/496 (65.5) -
Five or more practitioner visits in the previous 12 months 224/445 (50.3) 347/586 (59.2) 0.005c

Any hospitalisation in the previous 12 months for chronic diseases 27/444 (6.1) 50/585 (8.5) 0.152c

Median number of days from vaccinatione to onset of ILI symptoms 116.0 88.5 <0.001b

ILI: influenza-like illness.
a France, Hungary, Ireland, Italy, Portugal, Romania, Spain
b  Unless otherwise indicated.
c  Non parametric test of the median.
d  Two-sided Fisher’s exact test.
e  Vaccination more than 14 days before onset of influenza-like illness symptoms.
f  As defined in the respective countries.
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93 days or more since vaccination was 21.8% (95% CI: 
-64.2 to 62.8). When restricting to the late phase, IVE 
among persons with onset of symptoms less than 93 
days since vaccination was -30.3% (95% CI: -287.7 to 
56.2) and the IVE among persons with onset of symp-
toms more than 93 days since vaccination was 1.0% 
(95% CI: -60.5 to 38.9) (Figure 3).

Discussion
The overall adjusted pooled IVE estimates against 
influenza A(H3) from the multicentre case–control 
study in Europe among those targeted for vaccina-
tion was 24.8%, ranging between 15.1% in the elderly 
and 63.3% in persons aged between 15 and 59 years. 
This suggests a low adjusted IVE against medically 
attended A(H3) influenza among the target population 
except among younger adults.

The A(H3) strain was also predominant during the 
2008/09 season, the I-MOVE pilot season. In that sea-
son, persons aged 65 and above had an IVE of 56.4% 
(95% CI: -0.2 to 81.0) against A(H3) [5]. We observed a 
lower IVE in the 2011/12 A(H3) dominated season with 
an IVE of 15.1% in those aged 60 years and above and 
an IVE of 12.4% in those aged 65 years and above.

The strength of this study lies in its multicentre nature, 
enabling recruitment of a large sample size of par-
ticipants across the EU. It is possible to restrict to the 
target group for vaccination and to stratify further by 
influenza type and age. Study sites adhere to a com-
mon protocol and carry out systematic sampling. They 
also collect information on potentially important posi-
tive and negative confounders. In addition, data quality 

is very high with only 1.7% (n=17/1033) of records with 
missing data. 

Due to the observational nature of this study, we can-
not exclude biases. We used a test-negative design, 
which is subject to the usual selection biases par-
ticularly for the control group. Study participants are 
selected according to a systematic sampling procedure 
by practitioners, who are blinded to the case and con-
trol status of the patients. This should minimise selec-
tion bias.

As I-MOVE is based on existing sentinel networks, GPs 
recruited patients according to the case definitions 
used in their network: the EU ILI case definition or the 
ARI case definition. As the ARI case definition is a more 
sensitive case definition than the EU ILI one, we could 
restrict the analysis to patients meeting the EU ILI case 
definition for all patients included in the study.

The test-negative design is a commonly used, but not 
validated study design [24–32]. Using test-negative 
controls is considered to adjust for healthcare-seeking 
behaviour more so than if community controls were 
selected, as vaccination coverage varies by healthcare-
seeking behaviour [34,35]. In addition, the covariate 
‘number of GP visits in the past 12 months’ may adjust 
further for healthcare-seeking behaviour. Despite this 
adjustment, it is still debatable if test-negative con-
trols properly reflect the vaccine coverage of the source 
population for cases [33].

While a higher proportion of controls visited their GP 
more frequently and had a chronic condition than cases, 

Table 3
Pooled crude and adjusted 2011/12 seasonal influenza vaccine effectiveness against laboratory-confirmed A(H3) influenza 
in vaccination target groups, at study sites in seven European Union countriesa, week 46/2011–week 17/2012 (patients with 
complete information, n=1,016)

Number Influenza vaccine 
effectiveness in %

95% confidence 
intervals

Overall
Crudeb 1,016 12.2   -17.2 to 34.2

Adjustedc,d 1,014 24.8    -5.6 to 46.5

<15 years
Crudeb 78 19.4 -170.1 to 75.9

Adjustedc - - -

15-59 years
Crudeb 431 59.3 24.4 to 78.1

Adjustedc 431 63.3  25.9 to 81.8

60 years and above
Crudeb 505 6.4 -40.7 to 37.7

Adjustedc,d 503 15.1  -33.1 to 45.9

First influenza phase
(week 46/2011 to week 6/2012)

Crudeb 515 38.2    2.8 to 60.7
Adjustedc,d 513 38.1    -7.9 to 64.5

Second influenza phase 
(week 7/2012 to week 17/2012)

Crudeb 501 -17.6  -75.9 to 21.4
Adjustedc,d 501 -0.7  -59.8 to 36.5

a France, Hungary, Ireland, Italy, Portugal, Romania, Spain
b  Study site included in the model as fixed effect.
c  Model adjusted for presence of at least one chronic disease, sex, at least one hospitalisation for chronic disease in the previous 12 months, 

age group, practitioners’ visits in the previous 12 months (0-1, 2-4 and ≥5 visits), month of symptom onset and study site.
d  November dropped due to no cases (two records dropped).
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these variables were not strong confounders (-2% and 
1% relative difference of IVE between model containing 
and not containing these confounders respectively). 
The main confounder was age group, changing the IVE 
of the adjusted model by 11%.

We cannot exclude residual confounding, either by 
unmeasured confounders or by use of broad categories 
within given confounders. However, we used 10-year 
age bands to reduce residual confounding by age. 
While we used month of symptom onset as a covari-
ate, the IVE differs only little if using week of symptom 
onset (24.8% compared to 23.4% for overall IVE).

We included patients who were swabbed within seven 
days of symptom onset and we observed that a higher 
proportion of controls were swabbed more than three 
days after symptom onset than cases, although the dif-
ference is not statistically significant. The probability of 
influenza detection decreases with time between onset 
and swabbing, although the rate of decrease may vary 
by patient characteristics [35–38]. It is possible that 
some misclassification bias is introduced by including 
false negative controls through including patients with 
a greater delay between onset of symptoms and swab-
bing. However the difference is small if we compare our 
results to an analysis restricting the study population 
to persons swabbed three days or fewer since symp-
tom onset (24.8% compared to 22.8% for overall IVE).

Our study is limited by a small sample size for the 
stratified analyses. Therefore precise estimates were 
not always possible, particularly among the youngest 
age group, who are often the least numerous target 
group for vaccination. Estimates by influenza phase 
and by time since vaccination are also limited by the 
small sample size and although point estimates differ, 
confidence intervals overlap.

The majority of countries participating in this study 
used both adjuvanted and non-adjuvanted influenza 
vaccines. The different vaccine types were used in dif-
ferent subpopulations. With the data collected for this 
study, it was not possible to identify the target groups 
to enable an estimate by vaccine type.

IVE estimates arising from the total population were 
lower than the estimates from the target group for 
vaccination, e.g. overall adjusted IVE of 10.9% (95% 
CI: -16.2 to 31.7) among the total population (data not 
shown), compared to 24.8% (95% CI: -5.6 to 46.5) 
among the target group for vaccination. We believe 
that the target group for vaccination is a more homo-
geneous study population in relation to vaccination, 
the main exposure of interest, as study participants 
belonging to the target group for vaccination are likely 
to have a more equal access to vaccination than the 
total population. 

One limitation of restricting to this population is that 
it is identified through the practitioner questionnaires, 

which did not collect information on target group 
homogeneously across study sites. In particular infor-
mation on healthy persons with professions targeted 
for vaccination may have been omitted from some 
countries. Despite these limitations, we believe that 
our study suggests a low adjusted IVE against medi-
cally attended A(H3) influenza among the target pop-
ulation except for among young adults in the 2011/12 
influenza season. 

The lower IVE observed this season compared to the 
previous A(H3) dominated season (2008/09) may be 
due to changes in circulating viruses and hence subop-
timal antigenic match between the 2011/12 vaccine and 
circulating strains. WHO and the Community Network 
of Reference Laboratories (CNRL) report northern 
hemisphere circulating A(H3N2) viruses being geneti-
cally and antigenically distinguishable from the A/
Perth/16/2009 vaccine strain and being more related to 
A/Victoria/361/2011-like reference viruses, differences 
which may have increased along the season [18,39]. 
This virological change could have contributed to the 
lower IVE in the latter part of the season. 

As the 2011/12 influenza season was a late season, 
persons presenting with influenza had a long delay 
between onset of symptoms and the vaccination, as 
campaigns were carried out in the autumn of 2011. 
The observed fall in IVE may also be due in part to 
waning of the immunity induced by the vaccine, per-
haps markedly so in older people [40–43]. Persons 
vaccinated less than 93 days before symptom onset 
showed a higher IVE than persons vaccinated 93 days 
or more before symptom onset. However, persons vac-
cinated 93 days or more before symptom onset were 
more likely to present later in the season, co-temporal 
with the emergence of antigenically drifted influenza 
viruses. To disentangle the possible effects of waning 
immunity and antigenic drift, we looked at IVE by early 
and late influenza phase. In the early influenza phase 
IVE was higher among persons vaccinated less than 93 
days before symptom onset compared to persons vac-
cinated 93 days or more before symptom onset. This 
was not the case in the late influenza phase, where we 
may expect a greater effect of antigenic drift on the IVE 
estimates. This suggests the waning immunity hypoth-
esis may be plausible.

In conclusion, the I-MOVE multicentre case–control 
study suggests a low IVE against medically attended 
A(H3) influenza in the 2011/12 season. The I-MOVE 
multicentre case control study provides high quality 
and rapid IVE estimates and should supplement the 
virological information that informs the WHO recom-
mendations on vaccine strain selection [6,8]. It is dif-
ficult to disentangle the respective roles of changes in 
the circulating viruses, possible waning immunity and 
otherwise imperfect vaccine. Further virological stud-
ies are needed on an annual basis quantifying drift 
over time as well as large epidemiological studies by 
time since vaccination with several delay categories to 
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fully understand these potentially important issues. 
Production of an improved seasonal influenza vac-
cine with greater effectiveness should be given a high 
priority.

Acknowledgements 
The European Centre for Disease Prevention and Control 
(ECDC) –funded the individual I-MOVE case-control studies 
in 2011/12 and funded the I-MOVE pooled analysis.

We are grateful to all patients, practitioners and epidemi-
ologists from the eight study sites who actively participated 
in the study. France: Isidore Grog (collective name of the 
Réseau des GROG network); Sylvie van der Werf, Bruno Lina, 
Martine Valette, Vincent Enouf, Dominique Rousset, National 
Reference Centre for Influenza virus France North and South;  
Astrid Vabret, Françoise Stoll Keller, Geneviève Giraudeau, 
Hervé Fleury, Laurent Andreoletti, Pierre Pothier, associ-
ated hospital laboratories; Marion Quesne, Françoise Barat, 
William Ouadi, coordination team; Hungary: Marta Melles, 
general director of the National Center for Epidemiology; 
Monika Rózsa and staff of the Influenza Virus Laboratory, 
National Center for Epidemiology, Budapest; Saverio Caini, 
Department of Infectious Disease Epidemiology, National 
Center for Epidemiology, Budapest, Hungary and European 
Programme for Intervention Epidemiology Training (EPIET), 
ECDC, Stockholm, Sweden; Ireland: Suzanne Cotter, Lisa 
Domegan, Darina O’Flanagan, Aoibheann O Malley, Health 
Protection Surveillance Centre, Dublin; Suzie Coughlan, 
Joanne Moran, Grainne Tuite, Allison Waters, National Virus 
Reference Laboratory; Claire Collins,  Michael Joyce, Irish 
Colleague of General Practitioners; Italy: Maria Cristina Rota, 
Silvia Declich, National Center for Epidemiology, Surveillance 
and Health Promotion, Istituto Superiore di Sanità, Rome; 
Simona Puzelli, Isabella Donatelli, National Influenza Centre, 
Rome; Enrico Volpe, Piero Borgia, Laziosanita’ Agenzia di 
Sanita’ Pubblica, Lazio Region; Roberto Rangoni, Alba Carola 
Finarelli, Regional Health Autorities, Emilia-Romagna Region; 
Maria Luisa Tanzi, Regional Reference Laboratory Emilia-
Romagna; Giovanni Delogu, Regional Reference Laboratory, 
Lazio; Poland: Lidia Brydak and Agnieszka Kosek-Woźniak. 

Thanks to epidemiologists, virologists, general practitioners 
and other person who were engaged in conducting I-MOVE 
project; Portugal: Ausenda Machado, Inês Batista, Carlos 
Matias Dias, José Marinho Falcão (retired), Department 
of Epidemiology, Instituto Nacional de Saúde Dr Ricardo 
Jorge, Lisbon; Paulo Gonçalves, Patricia Conde e Pedro 
Pechirra, Department of Infeccious Diseases, Instituto 
Nacional de Saúde Dr Ricardo Jorge, Lisbon;  Rede Médicos 
Sentinela; Associação Portuguesa de Medicina Geral e 
Familiar [Portuguese association of general practitioners]; 
Romania: Viorel Alexandrescu, Alina Elena Ivanciuc, George 
Necula, Maria Elena Mihai and laboratory technical staff, 
Cantacuzino National Institute of Research-Development for 
Microbiology and Immunology, Bucharest; Adriana Pistol, 
Rodica Popescu, National Centre for Surveillance and Control 
of Communicable Diseases, Bucharest; epidemiologists 
from sentinel Public Health Directorates Constanta, Dolj, 
Iasi, Maramures, Calarasi, Prahova, Mures, Tulcea, Galati, 
Bihor, Sibiu; Spain: Salvador de Mateo, National Centre of 
Epidemiology, Instituto de Salud Carlos III;  Inmaculada 
Casas and Francisco Pozo, National Influenza Centre-
Madrid, Instituto de Salud Carlos III; Jesús Castilla and 
Manuel García Cenoz, Instituto de Salud Pública de Navarra, 
Navarra; El CIBER de Epidemiología y Salud Pública; Virtudes 
Gallardo and Esteban Pérez, Servicio de Epidemiología 
y Salud Laboral. Secretaría General de Salud Pública y 
Participación, Consejería de Salud de Andalucía; Carolina 
Rodriguez and Tomás Vega, Dirección General de Salud 
Pública e Investigación, Desarrollo e Innovación, Consejería 

de Sanidad de Castilla y León; Carmen Quiñones and Eva 
Martinez, Servicio de Epidemiología, Subdirección de Salud 
Pública de La Rioja; Jaume Giménez and Juana M. Vanrell, 
Servicio de Epidemiología, Dirección General de Salut 
Pública, Baleares, Palma de Mallorca; CIBERESP; Daniel 
Castrillejo, Servicio de Epidemiología, Dirección General 
de Sanidad y Consumo, Consejería de Bienestar Social y 
Sanidad, Ciudad Autónoma de Melilla; Julián M. Ramos 
and Maria C. Serrano, Dirección General de Salud Pública, 
Servicio Extremeño de Salud, Junta de Extremadura.

Many thanks also to EpiConcept colleagues for their contri-
butions: M. Rondy, C. Savulescu.

References
1. Mereckiene J, Cotter S, D’Ancona F, Giambi C, Nicoll A, Levy-

Bruhl D, et al. Differences in national influenza vaccination 
policies across the European Union, Norway and Iceland 
2008-2009. Euro Surveill. 2010;15(44). pii=19700. Available 
from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=19700

2. Valenciano M, Ciancio B, Moren A. First steps in the design 
of a system to monitor vaccine effectiveness during seasonal 
and pandemic influenza in EU/EEA Member States. Euro 
Surveill. 2008;13(43). pii=19015. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=19015

3. I-MOVE in Europe. I-MOVE in Europe. [Accessed 1 Aug 2012]. 
Available from: https://sites.google.com/site/epiflu/

4. Kissling E, Valenciano M, Falcao J, Larrauri A, Widgren K, 
Pitigoi D, et al. “I-MOVE” towards monitoring seasonal and 
pandemic influenza vaccine effectiveness: lessons learnt from 
a pilot multi-centric case-control study in Europe, 2008-9. Euro 
Surveill. 2009;14(44). pii=19388. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?ArticleId=19388

5. Valenciano M, Kissling E, Cohen J-M, Oroszi B, Barret A-S, 
Rizzo C, et al. Estimates of pandemic influenza vaccine 
effectiveness in Europe, 2009-2010: results of Influenza 
Monitoring Vaccine Effectiveness in Europe (I-MOVE) 
multicentre case-control study. PLoS Med. 2011;8(1):e1000388.

6. Kissling E, Valenciano M. Early estimates of seasonal 
influenza vaccine effectiveness in Europe, 2010/11: I-MOVE, 
a multicentre case-control study. Euro Surveill. 2011;16(11). 
pii=20146. Available from: http://www.eurosurveillance.org/
ViewArticle.aspx?ArticleId=19818

7. Kissling E, Valenciano M, Cohen JM, Oroszi B, Barret A-S, 
Rizzo C, et al. I-MOVE multi-centre case control study 2010-
11: overall and stratified estimates of influenza vaccine 
effectiveness in Europe. PLoS ONE. 2011;6(11):e27622.

8. Kissling E, Valenciano M. Early estimates of seasonal influenza 
vaccine effectiveness in Europe among target groups for 
vaccination: results from the I-MOVE multicentre case-
control study, 2011/12. Euro Surveill. 2012;17(15). pii=20146. 
Available from: http://www.eurosurveillance.org/ViewArticle.
aspx?ArticleId=20146

9. European Centre for Disease Prevention and Control (ECDC). 
Protocol for case-control studies to measure influenza vaccine 
effectiveness in the European Union and European Economic 
Area Member States. Stockholm:ECDC; 2009. Available from: 
http://ecdc.europa.eu/en/publications/publications/0907_
ted_influenza_ah1n1_measuring_influenza_vaccine_
effectiveness_protocol_case_control_studies.pdf

10. Orszagos Epidemiológiai Központ (OEK). Az Országos 
Epidemiológiai Központ módszertani level a 2011. évi 
védõoltásokról [The National Centre for Epidemiology 
methodological letter of the year 2011 on vaccinations]. Epinfo 
2011;18.  21 Feb 2011. Hungarian. Available from: http://www.
oek.hu/oek.web?nid=444&pid=1

11. Institut de Veille Sanitaire (InVS) Le calendrier vaccinal et 
les recommandations vaccinales 201 selon l’avis du Haut 
Conseil de la Santé Publique. [2011 vaccination schedule and 
recommendations from the Haut Conseil de la Santé Publique 
in France]. BEH 10-11/2011 p. 103–20. French. Available from: 
http://www.invs.sante.fr/content/download/4393/28810/
version/4/file/beh_10_11_2011.pdf

12. Ministerio de Sanidad, Servicios Sociales e Igualdad (MSPS). 
Prevención de la gripe. Vacunación antigripal [Influenza 
prevention. Recommendations for influenza vaccination]. 
[Accessed Jul 4 2012]. Spanish. Available from: http://www.
msps.es/ciudadanos/enfLesiones/enfTransmisibles/gripe/
gripe.htm#prevencion

13. Ministerio della Salute. Prevenzione e controllo dell’influenza: 
raccomandazioni per la stagione 2011-2012. [Prevention 



42 www.eurosurveillance.org

and control of influenza: recommendations for the season 
2011-2012]. Roma: Ministero della Salute; 2012. Italian. 
Available from: http://www.normativasanitaria.it/normsan-
pdf/0000/39451_1.pdf

14. Metodologia de supraveghere a gripei, infectiilor acute 
respiratorii şi SARI pentru sezonul 2011-2012. [Methodology 
of surveillance of influenza, acute respiratory infections 
and SARI, season 2011-2012] Bucarest: National Centre 
for Surveillance and Control of Communicable Diseases; 
2012. Romanian. Available from: http://www.insp.gov.
ro/cnscbt/index.php?option=com_docman&task=doc_
download&gid=286&Itemid=10

15. Vacinaçao contra a gripe com a vacina trivalente na época 
2011/2012 - Alargamento dos groupos de risco para vacinaçao 
gratuita. [Influenza vaccination with the trivalent vaccine 
in the season 2011/2012 - Extension of risk groups for free 
vaccinations] Lisbon: Directorate General of Health; Sep 2011. 
Portuguese. Available from: http://www.dgs.pt/ms/2/default.
aspx?id=5509

16. Program Szczepień Ochronnych na rok 2012. [Immunisation 
Programme for 2012] Warsaw: Chief Sanitary Inspectorate; 
2011. Polish. Available from: http://www.pis.gov.pl/userfiles/
file/Departament%20EP/szczepienia/zal_szczep%20PSO%20
2012.pdf

17. Target groups for seasonal influenza vaccine 2011/2012 
- Ireland. Dublin: Health Protection Surveillance Centre; 
2011. Available from: . http://www.immunisation.
ie/en/HealthcareProfessionals/Correspondence/
PDFFile_16872_en.pdf

18. European Centre for Disease Control and Prevention (ECDC). 
Community  Network of Reference Laboratories (CNRL) for 
Human Influenza in Europe. Influenza virus characterisation, 
summary Europe, June 2012 Stockholm:ECDC; 2012. 
Available from: http://www.ecdc.europa.eu/en/publications/
Publications/Influenza-visus-characterisation-June-2012.pdf

19. European Centre for Disease Control and Prevention (ECDC). 
European Influenza Surveillance Network (EISN). [Accessed 
5 Jul 2012]. Available from: http://www.ecdc.europa.eu/en/
activities/surveillance/eisn/pages/index.aspx

20. European Commission. Commission Decision 2009/363/EC of 
30 April 2009 amending Decision 2002/253/EC laying down 
case definitions for reporting communicable diseases to the 
Community network under Decision No 2119/98/EC of the 
European Parliament and of the Council. OJ L 110, 1.5.2009 
p. 58. . Available from: http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:L:2009:110:0058:0059:EN:PDF

21. European Centre for Disease Control and Prevention (ECDC). 
Laboratory surveillance of influenza: Table  [Accessed 5 
Jul 2012]. Available from: http://www.ecdc.europa.eu/en/
activities/surveillance/EISN/laboratory_network/Pages/
laboratory_surveillance_influenza.aspx

22. Huedo-Medina TB, Sánchez-Meca J, Marín-Martínez F, Botella 
J. Assessing heterogeneity in meta-analysis: Q statistic or I2 
index? Psychol Methods. 2006 Jun;11(2):193–206.

23. European Centre for Disease Control and Prevention 
(ECDC).  Weekly Influenza Surveillance Overview (WISO). 
Stockholm:ECDC; 2012 [Accessed 4 Jul 2012]. Available from: 
http://ecdc.europa.eu/en/publications/surveillance_reports/
influenza/Pages/weekly_influenza_surveillance_overview.
aspx

24. Cheng AC, Kotsimbos T, Kelly HA, Irving LB, Bowler SD, Brown 
SG, et al. Effectiveness of H1N1/09 monovalent and trivalent 
influenza vaccines against hospitalization with laboratory-
confirmed H1N1/09 influenza in Australia: a test-negative case 
control study. Vaccine. 2011;29(43):7320–5.

25. Hellenbrand W, Jorgensen P, Schweiger B, Falkenhorst G, 
Nachtnebel M, Greutélaers B, et al. Prospective hospital-based 
case-control study to assess the effectiveness of pandemic 
influenza A(H1N1)pdm09 vaccination and risk factors for 
hospitalization in 2009-2010 using matched hospital and test-
negative controls. BMC Infectious Dis. 2012;12(1):127.

26. Belongia EA, Kieke BA, Donahue JG, Coleman LA, Irving SA, 
Meece JK, et al. Influenza vaccine effectiveness in Wisconsin 
during the 2007-08 season: comparison of interim and final 
results. Vaccine. 2011;29(38):6558–63.

27. Andrews N, Waight P, Yung C-F, Miller E. Age-specific 
effectiveness of an oil-in-water adjuvanted pandemic (H1N1) 
2009 vaccine against confirmed infection in high risk groups in 
England.  J Infect Dis. 2011;203(1):32–9.

28. Caviness AC, Demmler GJ, Selwyn BJ. Clinical and laboratory 
features of neonatal herpes simplex virus infection: a case-
control study. Pediatr Infect Dis J. 2008;27(5):425–30.

29. Skowronski DM, De Serres G, Dickinson J, Petric M, Mak 
A, Fonseca K, et al. Component-specific effectiveness of 
trivalent influenza vaccine as monitored through a sentinel 

surveillance network in Canada, 2006-2007. J Infect Dis. 
2009;199(2):168–79.

30. Castilla J, Beristain X, Martínez-Artola V, Navascués A, García 
Cenoz M, Alvarez N, et al. Effectiveness of rotavirus vaccines 
in preventing cases and hospitalizations due to rotavirus 
gastroenteritis in Navarre, Spain. Vaccine. 2012;30(3):539–43.

31. Fleming DM, Andrews NJ, Ellis JS, Bermingham A, 
Sebastianpillai P, Elliot AJ, et al. Estimating influenza vaccine 
effectiveness using routinely collected laboratory data. J 
Epidemiol Community Health. 2010;64(12):1062–7.

32. Benowitz I, Esposito DB, Gracey KD, Shapiro ED, Vázquez 
M. Influenza vaccine given to pregnant women reduces 
hospitalization due to influenza in their infants. Clin Infect Dis. 
2010;51(12):1355–61.

33. Valenciano M, Kissling E, Ciancio BC, Moren A. Study designs 
for timely estimation of influenza vaccine effectiveness 
using European sentinel practitioner networks. Vaccine. 
2010;28(46):7381–8.

34. Belongia EA, Kieke BA, Donahue JG, Greenlee RT, Balish 
A, Foust A, et al. Effectiveness of inactivated influenza 
vaccines varied substantially with antigenic match from the 
2004-2005 season to the 2006-2007 season. J Infect Dis. 
2009;199(2):159–67.

35. Centers for Disease Control and Prevention (CDC). Prevention 
and Control of Influenza - Recommendations of the Advisory 
Committee on Immunization Practices (ACIP). MMWR Morb 
Mortal Wkly Rep. 2005;54(RR08). p. 1–40. Available from: 
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5408a1.htm

36. Klimov AI, Rocha E, Hayden FG, Shult PA, Roumillat LF, Cox 
NJ. Prolonged shedding of amantadine-resistant influenzae 
A viruses by immunodeficient patients: detection by 
polymerase chain reaction-restriction analysis. J Infect Dis. 
1995;172(5):1352–5.

37. Martínez-Baz I, Reina G, Martínez-Artola V, Fernández-Alonso 
M, Salcedo E, Mazón A, et al. [Effect of the time between 
symptom onset, swabbing and testing on the detection of 
influenza virus]. Enferm Infecc Microbiol Clin. 2012;30(1):11–4.

38. Carrat F, Vergu E, Ferguson NM, Lemaitre M, Cauchemez S, 
Leach S, et al. Time lines of infection and disease in human 
influenza: a review of volunteer challenge studies. Am J 
Epidemiol. 2008;167(7):775–85.

39. World Health Organisation (WHO). Recommended composition 
of influenza virus vaccines for use in the 2012-2013 northern 
hemisphere influenza season. Geneva: WHO;Feb 2012. 
Available from: http://www.who.int/influenza/vaccines/virus/
recommendations/201202_recommendation.pdf

40. Yao X, Hamilton RG, Weng N, Xue Q-L, Bream JH, Li H, et al. 
Frailty is associated with impairment of vaccine-induced 
antibody response and increase in post-vaccination influenza 
infection in community-dwelling older adults. Vaccine. 
2011;29(31):5015–21.

41. Goodwin K, Viboud C, Simonsen L. Antibody response to 
influenza vaccination in the elderly: A quantitative review. 
Vaccine. 2006;24(8):1159–69.

42. Song JY, Cheong HJ, Hwang IS, Choi WS, Jo YM, Park DW, et 
al. Long-term immunogenicity of influenza vaccine among 
the elderly: Risk factors for poor immune response and 
persistence. Vaccine. 2010;28(23):3929–35.

43. McElhaney JE, Effros RB. Immunosenescence: what does it 
mean to health outcomes in older adults? Curr Opin Immunol. 
2009;21(4):418–24.


