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Prompt evaluation of annual influenza vaccine effec-
tiveness (IVE) is important. IVE is estimated in Ontario 
using a test-negative design (TND) within a national 
sentinel surveillance network (SPSN). To explore alter-
native approaches, we applied the screening method 
(SM) during five seasons spanning 2007 to 2012 to pas-
sive surveillance data to determine whether routinely 
collected data could provide unbiased IVE estimates. 
Age-adjusted SM-IVE estimates, excluding 2008/09 
pandemic cases and cases with missing immunisa-
tion status, were compared with TND-IVE estimates 
in SPSN participants, adjusted for age, comorbidity, 
week of illness onset and interval to specimen collec-
tion. In four seasons, including the 2009 pandemic, 
the SM underestimated IVE (22–39% seasonal; 72% 
pandemic) by 20 to 35% relative to the TND-IVE (58–
63% seasonal; 93% pandemic), except for the 2010/11 
season when both estimates were low (33% and 30%, 
respectively). Half of the cases in the routine surveil-
lance data lacked immunisation information; imput-
ing all to be unimmunised better aligned SM-IVE with 
TND-IVE, instead overestimating in four seasons by 4 
to 29%. While the SM approach applied to routine data 
may offer the advantage of timeliness, ease and effi-
ciency, methodological issues related to completeness 
of vaccine information and/or case ascertainment may 
constitute trade-offs in reliability.

Introduction
Estimates of influenza vaccine effectiveness (IVE) 
are vital to measuring the impact of annual immuni-
sation efforts and ideally can provide timely infor-
mation to guide the response to epidemics and 
pandemics. Starting in 2004, IVE has been monitored 
in several Canadian provinces through application of 

a test-negative design (TND) whereby vaccination sta-
tus is compared among test-positive vs test-negative 
specimens systematically collected from patients pre-
senting with influenza-like illness (ILI) to designated 
practitioners within a national sentinel physician sur-
veillance network (SPSN) [1-9]. The TND approach has 
been validated theoretically and in relation to per-pro-
tocol analysis of the same randomised controlled trial 
datasets, generating IVE estimates within ranges pub-
lished by other observational and clinical trial designs 
[10-14]. Importantly, by standardising for healthcare-
seeking behaviour and indication to request ILI testing, 
this design reduces potential selection biases that may 
arise from differential testing of patients with ILI at the 
discretion of a clinician in a passive surveillance sys-
tem, and additionally allows for collection and adjust-
ment of relevant confounding variables.

The screening method (SM) is another commonly used 
approach for estimating IVE that compares immuni-
sation status of influenza cases to that of an exter-
nal reference group such as the general population 
[15,16]. Key advantages of the SM include timeliness, 
ease and efficiency given that individual-level informa-
tion is only required for cases, for whom information 
is routinely collected as part of public health surveil-
lance in jurisdictions where influenza is reportable, 
such as Ontario. Despite this, valid individual-level 
data on cases’ immunisation status and confounding 
variables, along with timely population-level cover-
age data, is difficult to obtain and may result in biased 
estimates. In light of these competing considerations, 
the objective of this study was to evaluate whether the 
SM approach applied to routinely collected surveil-
lance data could be a reliable and timely alternative 
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for annual IVE estimation relative to the TND approach 
applied to SPSN data in Ontario, Canada.

Methods

Context
Since 2000, Ontario has provided publicly funded tri-
valent inactivated influenza vaccine (TIV) to all peo-
ple six months and older who live, work or attend 
school in Ontario [17]. Particularly recommended recip-
ients of the seasonal vaccine include those defined 
by the National Advisory Committee on Immunization 
(NACI) as at high risk for influenza-related complica-
tions owing to underlying health conditions or age, as 
well as Aboriginal peoples, those capable of transmit-
ting influenza to high-risk individuals and those who 
provide essential community services [18]. During the 
2009/10 pandemic, an influenza A(H1N1)pdm09 AS03-
adjuvanted monovalent vaccine was available, along 
with a limited supply of non-adjuvanted vaccine and 
seasonal TIV [6].

The majority (≥60%) of influenza testing is performed 
by Public Health Ontario (PHO) laboratories; respira-
tory samples from ambulatory settings undergo cul-
ture-based testing only, while samples from inpatient, 
institutional and outbreak settings are tested by PCR 
[19]. Laboratory-confirmed cases detected by PHO 
and other laboratories are reported to regional public 
health units in Ontario, who then use the integrated 
Public Health Information System (iPHIS) to report 
cases, including a minimum set of required epide-
miological information obtained through case follow-
up, to provincial health authorities; iPHIS therefore 
captures all influenza cases reported to public health 
authorities.

The Sentinel Physician Surveillance Network (SPSN), in 
contrast, is an active surveillance system that exists in 
the five most populous provinces of Canada, including 
Ontario, and is designed to assess vaccine effective-
ness. As previously described [1-9], this system builds 
on routine public health infrastructure, namely a sen-
tinel network of primary healthcare practitioners used 
to monitor weekly ILI consultations at a national and 
provincial level. Participating sentinel practitioners are 
encouraged to offer influenza testing to all patients 
who present within one week of ILI onset meeting a 
standard case definition. Samples are then tested by 
real-time RT-PCR for influenza at provincial reference 
laboratories. Epidemiological information is obtained 
from consenting patients using a standard question-
naire at the time of specimen collection. Since these 
data are collected for all patients, including those 
who may ultimately test negative for influenza, the 
SPSN surveillance protocol is conducted with annual 
research ethics board review and approval.

Screening method
Data on laboratory-confirmed influenza cases for 
five influenza seasons from 2007/08 to 2011/12 were 

extracted on 10 January 2013 from iPHIS. Immunisation 
status, identified by self-report, is a requested but not 
mandatory field in iPHIS that is captured in a general 
‘relevant immunisations up to date for client’ field. 
Data entry guidelines stipulate that ‘relevant’ refers 
to receipt of the influenza vaccine recommended for 
the current season at least 14 days before symptom 
onset and with the correct dosing requirements. The 
accuracy of this field was examined through compari-
son with free-text case notes, where available in a 
non-mandatory comments field, to calculate agree-
ment (measured using the kappa statistic), and by 
examining potential misclassification of immunisation 
status in ineligible cases (i.e. infants younger than 
six months). Vaccine coverage in the general popula-
tion was derived from Ontario-specific data from the 
annual Canadian Community Health Survey (CCHS); 
respondents are interviewed throughout the year 
about immunisation during the prior 12 months. The 
CCHS uses a multistage, stratified cluster design and 
provides cross-sectional data representative of 98% 
of the Canadian population 12 years and older [20]. For 
children younger than 12 years, an Ontario influenza 
vaccination coverage survey conducted in 2007 was 
used and, in the absence of annual data, applied to 
all subsequent years [21]. Vaccine coverage estimates 
for these two age groups were weighted according to 
the age distribution in Ontario and summed to produce 
overall population-weighted coverage estimates.

IVE was calculated as (PPV − PCV) / [PPV × (1-PCV)] × 
100, where PPV was the proportion of the population 
vaccinated and PCV was the proportion of cases vac-
cinated [22]. All IVE estimates were stratified by influ-
enza season, defined as 1 September to 31 August to 
be consistent with Ontario’s respiratory virus surveil-
lance programme. Cases with laboratory-confirmed 
influenza A(H1N1)pdm09 in the 2008/09 season were 
excluded in order to examine homologous IVE only. 
Cases were also excluded from analysis if they were 
ineligible for influenza immunisation (younger than six 
months), reported as epidemiologically linked (but 
not laboratory-confirmed), exposed to influenza in an 
institutional setting, hospitalised or if they resided 
outside of Ontario. Both institutionally exposed and 
hospitalised cases were excluded to ensure compara-
bility of study populations, as the SPSN only includes 
cases in the community. IVE was calculated using data 
from cases with a recorded (yes/no) immunisation 
status only; cases with an unknown/missing status 
were excluded. IVE estimates were adjusted for age (6 
months–11 years, 12–49, 50–64 and ≥ 65 years) and 
confidence intervals (CI) were calculated using meth-
ods described by Farrington in 1993 [15].

Mid-season IVE estimates were also calculated for 
two seasons. Mid-season was defined as 1 September 
2010 to 15 January 2011 for the 2010/11 season, and 1 
September 2011 to 15 March 2012 for the 2011/12 sea-
son, based on the mid-point of the month after which 
the peak of the influenza epidemic occurred for the 
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respective season (5 January and 12 March, respec-
tively, based on case reported dates). The mid-point 
of the month was used instead of the peak date to be 
more reflective of the earliest time point that a mid-
season analysis would be conducted, recognising that 
the peak would only be identified by public health 
officials once it had passed. For the 2010/11 season, 
PPV was determined based on CCHS survey respond-
ents interviewed between September and December 
2010; for the 2011/12 season, coverage was based on 
respondents interviewed between September 2011 and 
February 2012. In this analysis, no adjustments were 
made for age.

Cases with recorded (yes/no) and unrecorded 
(unknown/missing) immunisation status were com-
pared for demographic characteristics such as age, 
sex, geographic region of residence and underlying 
illness or chronic condition to determine if differential 
misclassification was introduced by excluding cases 
with an unrecorded status. In iPHIS, underlying illness 

or chronic condition refers to any self-reported chronic 
medical condition that puts the individual at greater 
risk of acquiring the disease or having a more severe 
outcome. Sensitivity analyses were run, for a range of 
scenarios, to assess the potential impact of missing 
data on IVE estimates.

Test-negative design
SM-IVE estimates were compared with TND-IVE esti-
mates derived by the SPSN. Ontario-specific data were 
used for all seasons except 2007/08 and the 2009/10 
pandemic. Patients were considered immunised if the 
vaccine was given at least two weeks before ILI onset. 
For the current analysis, immunisation status was com-
pared in test-positive (cases) and test-negative patients 
(controls). IVE was calculated as (1 − OR) × 100 using 
logistic regression, where OR represents the odds ratio 
adjusted for age (6 months–11 years, 12–49, 50–64 
and ≥ 65 years), presence/absence of specific chronic 
conditions (including one or more of heart/pulmonary/
renal/metabolic/blood/cancer/immune-compromising 

Figure 
Flowchart of study participants by methodological approach, influenza vaccine effectiveness, Ontario, 2007–2012

2,277 specimens submitted in Ontario

172 excluded: 
• Positive for influenza A(H1N1)pdm09 for 2008/09 

season (n=20)
• All specimens submitted in 2009/10 season (n=152) 

358a excluded: 
• Patient consent not received (n=18)
• ILI case definition unmet/unknown (n=22)
• Specimen collected >7 days following onset or unknown (n=123)
• Chronic conditions unknown (n=65)
• Patient was <6 months of age or age unknown (n=7)
• Test results unavailable or indeterminate (n=37)
• Immunisation status unknown (n=70)
• V accine received <2 weeks before onset of symptoms (n=116)

1,747 included (83% of eligible)

Cases: 680 Controls: 1,067 

2,105 eligible

26,936 confirmed cases in Ontario

3,982 excluded: 
• Positive for influenza A(H1N1)pdm09 during 

2008/09 season

8,672a excluded: 
• Case resided outside of province (n=14)
• Epidemiologically linked (n=211)
• Exposed in institutional setting (n=1,777)
• Hospitalised (n=6,570)
• Case was <6 months of age (n=808)

14,282 included (62% of eligible)

22,954 eligible

Recorded immunisation
status: 7,194 status: 7,088

Screening method Test-negative design

Unrecorded immunisation

ILI: influenza-like illness.
a Exclusion categories are not mutually exclusive and so totals indicated in brackets will not sum to the total patients excluded. 
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conditions, conditions that compromise the manage-
ment of respiratory secretions and increase risk of 
aspiration, or morbid obesity), specimen collection 
interval (≤ 4 days or > 4 days from symptom onset) and 
time (week of illness onset). Influenza seasons were 
defined as 1 November to 30 April. A delay in obtain-
ing the ethics board’s approval in Ontario in 2009/10 
meant that a substantial proportion of Ontario speci-
mens in that season did not have influenza A(H1N1)
pdm09 vaccination status recorded [6]. Published 
pooled Canada-wide estimates for 2009/10 were there-
fore used for comparison [6]. Similarly, pooled Canada-
wide estimates are presented for 2007/08 as Ontario 
did not participate in the study until January 2008 [4]. 
All statistical analyses were conducted using Stata ver-
sion 12 (StataCorp, College Station, TX).
Ethical approval for the Ontario arm of the SPSN data 
collection was provided by the University of Toronto. 
Approval from the research ethics committee was not 
required to use iPHIS data for the SM analysis as PHO 
has a legislated mandate “to develop, collect, use, ana-
lyse and disclose data, including population health, 
surveillance and epidemiological data (…) in a manner 
that informs and enhances healthy public policy and 
public health planning, evaluation and action” [23].

Results

Study population

Screening method
After excluding 3,982 laboratory-confirmed cases of 
influenza A(H1N1)pdm09 from the 2008/09 season, a 
total of 22,954 cases were identified in the study period 
(Figure). The number of confirmed cases reported in 
Ontario ranged by season from 3,636 to 6,062 (5,168 

in 2007/08; 3,636 in 2008/09; 4,143 in 2009/10; 6,062 
in 2010/11; and 3,945 in 2011/12). After applying exclu-
sion criteria, 14,282 cases were included in the analy-
sis; 7,194 (50.4%) cases had a recorded immunisation 
status (yes/no), while status was unrecorded for 7,088 
(49.6%) of cases.

Test-negative design
Excluding the 20 patients who tested positive for 
influenza A(H1N1)pdm09 during the 2008/09 season 
and the 152 patients from the 2009/10 season, 2,105 
patients with a specimen submitted in Ontario were 
available for analysis (Figure). Overall, 365 eligible 
specimens were submitted in 2008/09, 802 in 2010/11 
and 938 in 2011/12. After applying study exclusion cri-
teria, 1,747 participants were included in the analysis; 
680 (38.9%) tested positive for influenza (cases) and 
1,067 tested negative (controls).

Characteristics of included study participants are 
shown in Table 1 by data source. For all data sources 
used for IVE estimation (iPHIS and CCHS for SM, and 
SPSN for TND), individuals aged 12–49 years comprised 
the largest proportion of cases/study participants; 
however, iPHIS data included a higher proportion of 
children (< 12 years) and adults 65 years and older rela-
tive to the SPSN. A higher proportion of cases in iPHIS 
reported the presence of a chronic or underlying illness 
and being vaccinated against influenza than cases in 
the SPSN. Comparisons of chronic disease prevalence 
across study populations should be made with caution, 
however, as definitions vary across sources.

Table 1
Study population characteristics by data source used for influenza vaccine effectiveness estimation, Ontario, 2007–2012 

iPHISa (n = 7,194)
CCHSb

SPSN (n = 1,747)
Cases Cases (n = 680) Controls (n = 1,067)

n % n % n % n %
Age
    6 months–11 years 2,302 32.0 NA 126 18.5 183 17.2
    12–49 years 2,983 41.5 50,013 61.2 419 61.6 576 54.0
    50–64 years 660 9.2 25,339 23.3 95 14.0 215 20.1
    ≥ 65 years 1,240 17.3 26,307 15.5 40 5.9 93 8.7
Chronic/underlying illnessc 765 24.0 38,164 30.3 94 13.8 197 18.5
Vaccinated 1,791 24.9 42,534 35.8 113 16.6 295 27.7

CCHS: Canadian Community Health Survey; iPHIS: Ontario’s integrated Public Health Information System for reportable diseases; NA: not 
available; SPSN: Sentinel Physician Surveillance Network.

a  Age unknown for nine cases, and 4,005 cases were not asked about whether they had a chronic illness or underlying condition. Cases with 
missing data have been excluded from denominators in proportion calculations. 

b  Proportions weighted for the survey design are presented. 
c  Definition varied across data source.
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Validity of immunisation status in routine 
surveillance data
Immunisation-related, free-text case notes, written by 
the public health professional who investigated the 
case, were available in a comments field in iPHIS for 
164 (2.3%) of 7,194 cases with a recorded immunisation 
status. Agreement between recorded immunisation 
status and status documented in case notes was able 
to be assessed in 151 cases of this convenience sample 
of 164 cases and was found to be high (kappa = 0.88: 
95% CI: 0.80–0.96). Review of case notes, available 
for 19 cases with an unrecorded immunisation status, 
revealed that 10 cases should have been recorded as 
unimmunised and the remainder as immunised; these 
cases remained excluded in IVE calculations.

Among the 808 cases younger than six months who 
were ineligible to receive the influenza vaccine, 26 of 
471 (5.5%) with recorded immunisation status were 
classified as immunised.

Influenza vaccine effectiveness with screening 
method by season
For the three study seasons (2008/09, 2010/11, 2011/12) 
for which Ontario-specific SPSN data were available for 
comparison, unadjusted point estimates of IVE based 
on the screening method ranged from 7% (95% CI: −4 
to 17%) during the 2011/12 season to 49% (95% CI: 
43–55%) in 2008/09 (Table 2). After adjustment for 
age, this range narrowed from 22% (95% CI: 11–31%) 

in 2011/12 to 39% (95% CI: 31–46%) in 2008/09. For 
the 2007/08 season for which only national SPSN data 
were available for comparison, age-adjusted SM-IVE 
was 37% (95% CI: 30–44%), substantially lower than 
the 60% (95% CI: 45–71%) identified through TND anal-
ysis of SPSN data. Similarly during the 2009 pandemic, 
the age-adjusted SM-IVE in Ontario was 72% (95% CI: 
63–79%) whereas the national TND-IVE for the adju-
vanted monovalent pandemic vaccine was estimated at 
93% (95% CI: 69–98%).

For the 2010/11 season, the mid-season IVE was esti-
mated at −11% (95% CI: −33 to 8%), based on a PCV 
of 22% for 678 cases and a PPV of 21%, which was 
substantially lower than the unadjusted full-season 
estimate of 18% (95% CI: 9–27%). For the 2011/12 sea-
son, the mid-season IVE estimate of 13% (95% CI: −3 
to 27%), based on a PCV of 24% for 715 cases and a 
PPV of 27%, was similar to the unadjusted full-season 
estimate of 7% (95% CI: −4 to 17%).

Comparison of cases with recorded vs 
unrecorded immunisation status
Relative to unimmunised cases and those with an unre-
corded status, immunised cases were more likely to 
be 65 years or older (52.9% compared with 5.5% and 
14.1%, respectively, p value < 0.001), female (62.6% 
compared with 51.6% and 52.6%, p value < 0.001) and 

Table 2
Unadjusted and adjusted estimates of influenza vaccine effectiveness by influenza season, comparing screening method and 
test-negative design, Ontario, 2007 to 2012

Method Influenza 
season

Cases
n

Cases 
vaccinateda

%

Controls
n

Controlsb 
vaccinated

%

Unadjusted IVE
% (95% CI)

Adjustedc IVE
% (95% CI)

Difference 
between 
methodsd

Screening 
method

2007/08 1,951 27 NA 35 29 (22 to 36) 37 (30 to 44) Ref 
2008/09 1,727 20 NA 34 49 (43 to 55) 39 (31 to 46) Ref
2009/10 468 12 NA 40 80 (74 to 85) 72 (63 to 79) Ref
2010/11 1,554 27 NA 31 18 (9 to 27) 33 (24 to 41) Ref
2011/12 1,494 29 NA 30 7 (−4 to17) 22 (11 to 31) Ref

Test-negative 
design

2007/08e 689 14 736 28 60 (48 to 70) 60 (45 to 71) 23
2008/09 114 19 146 36 58 (25 to 77) 63 (30 to 81) 24
2009/10e 209 1 343 17 95 (80 to 99) 93 (69 to 98) 21
2010/11 341 16 362 21 29 (−4 to 52) 30 (−6 to 54) −3
2011/12 225 16 559 30 53 (30 to 69) 58 (34 to 73) 36

CI: confidence interval; IVE: influenza vaccine effectiveness; NA: not applicable; Ref: reference value.

a  Denominator for proportion calculation comprises cases with known immunisation status. 
b  ‘Controls vaccinated’ for the screening method refers to the proportion of the population vaccinated (PPV), which is based on population-

based, provincial survey data. 
c  Adjusted for age (< 12, 12–49, 50–64 and ≥ 65 years), comorbidity (yes/no), specimen collection interval (≤ 4 days or > 4 days) and time (week 

of illness onset) for the test-negative design, and adjusted for age only (< 12, 12–49, 50–64 and ≥ 65 years) in the screening method. 
d  The difference between methods is calculated as the difference between adjusted IVE estimates in the test-negative design relative to the 

screening method. 
e  National estimate provided due to limited Ontario sample size.
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to have reported chronic or underlying illness (44.2% 
compared with 18.5% and 31.6%, p value < 0.001) (Table 
3). Unimmunised cases were generally more similar 
to cases with an unrecorded immunisation status in 
terms of age and sex than to immunised cases. The 
proportion of cases with an unrecorded immunisa-
tion status varied substantially by public health unit 
(range: 12.4–85.2%); however, this proportion was rel-
atively consistent by season (range: 41.6–45.2%) with 
the exception of the pandemic year (81.3% in 2009/10) 
(data not shown), suggesting that particular caution 
should be applied in the interpretation of the SM-IVE 
for the pandemic year.

Influenza vaccine effectiveness with test-
negative design method by season
For the three study seasons (2008/09, 2010/11, 2011/12) 
for which Ontario-specific TND data were available, 
unadjusted point estimates of overall IVE ranged from 
29% (95% CI: −4 to 52%) in 2010/11 to 58% (95% CI: 
25–77%) in 2008/09 (Table 2). These estimates were 
only slightly increased with adjustment for age, comor-
bidity, week of illness onset and interval to specimen 
collection to 30% (95% CI: −6 to 54%) and 63% (95% 
CI: 30–81%), respectively.

Sensitivity analyses
Restricting the seasons to align with the TND-IVE 
analysis period (1 November to 30 April for all sea-
sons excluding 2009/10) left SM-IVE estimates either 
unchanged or increased them slightly (≤ 6%) (data not 
shown).

An additional sensitivity analysis was performed 
to evaluate the potential impact of missing data on 
SM-IVE estimates (Table 4). Unadjusted IVE estimates 
were substantially altered under both extremes (sce-
nario 1: all cases with unrecorded status were consid-
ered immunised; scenario 2: all cases with unrecorded 
status were considered unimmunised). In scenario 3, 
where all cases with unrecorded status were assigned 
the same immunisation distribution as cases with 
known status, and in scenario 4, where cases with 
missing data were assigned the average population 
vaccine coverage estimate for the study time period, 
SM-IVE estimates became lower still, moving farther 
away from adjusted TND-IVE estimates. In the more 
likely scenario that cases with an unrecorded status 
were unimmunised, SM-IVE estimates became more 
similar to adjusted TND-IVE estimates exceeding the 
latter by a range of 4–29% in four of five seasons 
(Tables 2 and 4).

Discussion
In this analysis, we highlight the differences between 
SM-IVE estimates based on routinely collected, pas-
sive surveillance data to gauge influenza vaccine 
performance compared with an active and systematic 
method using a TND approach applied to SPSN data. 
Although the SM approach offers the advantage of 
ease and efficiency in using existing surveillance data, 
we demonstrate the potentially important trade-off 
of reliability. In four of five study seasons, including 
the 2009 pandemic, the SM underestimated IVE by an 

Table 3
Comparison of laboratory-confirmed influenza cases from routine surveillance data (iPHIS) with known (n = 7,194) and 
unknown (n = 7,088) immunisation status, by key characteristics, Ontario, 2007 to 2012

Characteristic
Known status, vaccinated Known status, unvaccinated Unknown status

p valuea

n % n % n %
Age groupb < 0.001
    6 months–11 years 240 13.5 2062 38.2 2,263 32.0
    12–49 years 385 21.6 2598 48.1 3,132 44.4
    50–64 years 215 12.0 445 8.2 668 9.5
    ≥ 65 years 945 52.9 295 5.5 999 14.1
Sexc < 0.001
    Female 1,117 62.6 2780 51.6 3,702 52.6
    Male 668 37.4 2611 48.4 3,341 47.4
Chronic/underlying illnessd < 0.001
    Yes 302 44.2 463 18.5 487 31.6
    No 381 55.8 2043 81.5 1052 68.4

iPHIS: Ontario’s integrated Public Health Information System for reportable diseases.

a  Pearson’s chi-squared test. 
b  35 cases with unknown age. 
c  63 cases with other or unknown sex. 
d  9,554 cases not asked about whether they had a chronic illness or underlying condition. Cases with missing data have been excluded from 

denominators in proportion calculations.
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absolute difference of ca 20–35% relative to the TND-
IVE, except for the 2010/11 season when estimates by 
both approaches were comparably low. The TND-IVE 
estimates from Canada, including those cited here, 
were within the expected range of other studies and 
comparable to a recently published meta-analysis for 
which overall pooled IVE has been estimated at 59% 
(95% CI: 51–67%) [24]; lower TND-IVE estimates for the 
2010/11 season were also comparable to IVE estimates 
from the United States, reported as 31% (95% CI: −7 to 
55%) [25].

Inaccuracies and missing data in routine surveillance 
data may result in misclassification and bias, which 
may have contributed to the lower SM-IVE estimates. 
Firstly, immunisation status was not reported for half of 
all eligible cases in iPHIS. Given that vaccinated cases 
may be more likely to recall their immunisation status, 
it is likely that iPHIS data selectively bias unvaccinated 
individuals to be recorded as missing or unknown. 
Comparison of cases for key confounding variables sup-
ports this hypothesis: unvaccinated cases were more 
similar in age and sex to cases with an unrecorded sta-
tus than to vaccinated cases. The proportion of cases 
with an unrecorded immunisation status who reported 
a chronic or underlying condition was 31.6%, between 
that of immunised (44.2%) and unimmunised (18.5%) 
cases, suggesting that this group may comprise both 
immunised and unimmunised cases. We cannot, how-
ever, rule out that this finding may be attributable to 
the high proportion of missing data. Our sensitivity 
analysis demonstrated that in the scenario assuming 
that cases with an unrecorded immunisation status 
were not vaccinated, SM-IVE estimates increased and 
became more similar, if somewhat exceeding TND-IVE 
estimates. This exceedance provides further support 
that in reality, cases with an unrecorded immunisation 
status are likely to include also a small proportion of 
immunised cases. Still, our decision to exclude cases 
with missing data in SM-IVE calculations probably 

overrepresented vaccinated cases, contributing to an 
artificially high proportion of vaccinated cases in the 
SM approach (25% vs 17% in the TND), which biased 
IVE estimates downwards. Although the issue of unvac-
cinated individuals registering as missing is likely to 
affect also SPSN, the use of a standardised question-
naire completed by a motivated physician who knows 
the patient and may have administered the vaccine 
themselves, meant that less than 5% of cases were 
excluded. This issue is therefore unlikely to have had a 
significant impact within the SPSN system.

Secondly, iPHIS data capture persons tested and 
reported in the public health system without stand-
ardisation for testing indication or illness severity, 
unlike the SPSN. In Ontario, specimens are more likely 
to be collected from hospitalised patients and those 
at elevated risk for severe disease [19]. We found that 
cases captured in iPHIS were more likely to report 
having a chronic condition or underlying illness than 
cases from the SPSN. Therefore, iPHIS data are more 
prone to selection bias by capturing cases at the more 
severe end of the disease spectrum. Because persons 
with chronic or underlying conditions are more likely 
to be vaccinated and less likely to respond to vaccine, 
it is possible that this also led to the higher propor-
tion of cases vaccinated in iPHIS and to lower SM-IVE 
estimates. Finally, we cannot discount the role of recall 
bias in iPHIS data since immunisation status was 
recorded after the influenza test results were known, 
an added difference from the SPSN.

We do not anticipate that differences in the diagnos-
tic methods used by the two systems (PCR for SPSN vs 
both PCR and culture for iPHIS) explain the variation 
we observed in IVE estimates. While culture methods 
are less sensitive than PCR, both methods are highly 
specific [26]. Orenstein et al. have shown that although 
poor test sensitivity can underestimate IVE as true 
cases that tend to be distributed in the non-vaccinated 

Table 4
Sensitivity analyses of the potential impact of missing immunisation data on influenza vaccine effectiveness estimates in 
four different scenarios, Ontario, 2007–2012 (n = 14,282)

Season PPV
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 3 Scenario 4

PCV IVE PCV IVE PCV IVE PCV IVE
2007/08 35 60 −183 15 67 26 35 31 18
2008/09 34 54 −128 12 73 22 46 25 33
2009/10 40 83 −665 2 97 22 56 29 39
2010/11 31 57 −196 16 59 26 24 31 3
2011/12 31 59 −214 16 57 27 18 31 2

CCHS: Canadian Community Health Survey; iPHIS: Ontario’s integrated Public Health Information System for reportable diseases; 
PCV: proportion of cases vaccinated (iPHIS); PPV: proportion of population vaccinated (CCHS); IVE: influenza vaccine effectiveness. 

Scenario 1: all cases with unknown or missing status classified as immunised. Scenario 2: all cases classified as unimmunised. Scenario 3: 
cases allocated to the same immunisation distribution as cases with known status for all seasons combined (coverage: 25%). Scenario 4: 
cases assigned the same distribution as the average CCHS estimate for the study time period (coverage: 34%).
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group are not detected; test specificity has a greater 
impact on IVE by increasing the number of false posi-
tives in both vaccinated and non-vaccinated groups 
[10].

Arguably the greatest potential of routine surveillance 
data lies in the timeliness and efficiency with which 
this system can accrue a large number of cases, draw-
ing as it does on specimens submitted from all prov-
ince-wide practitioners. In Ontario, influenza cases are 
required to be entered into iPHIS within five days of 
case report to local public health authorities [27]; swift 
data upload further supports in-season estimates. 
While our mid- and full-season SM-IVE estimates were 
similar for 2011/12, we noted a discrepancy for the 
2010/11 season (−11% vs 18%). It is unclear whether 
this discrepancy reflects a true phenomenon or is a 
result of the aforementioned issues with routine sur-
veillance data. During the 2010/11 season, the vaccine 
was shown to have suboptimal IVE against a genetic 
variant of influenza A(H3N2) [7] which was the predom-
inant circulating strain; the latter part of the season, 
however, also included circulation of influenza A(H1N1)
pdm09 for which IVE was moderate, which may have 
led to an improved IVE estimate when the full season 
was considered. While this analysis demonstrates ret-
rospectively the capacity of routine data for in-season 
IVE calculation; in practice, the timeliness of popula-
tion-based influenza vaccine coverage estimates from 
CCHS would be a limiting factor. It should be noted 
that the SPSN has been used successfully to generate 
interim IVE estimates [9,28]; however, this requires 
early and intense activity to enable sufficient accrual 
of sample size and statistical power for IVE estimation 
within the more limited network of sentinel practition-
ers and their ILI testing indication.

We identified data quality issues that need to be 
addressed not only for IVE estimation but also for 
accurately monitoring immunisation coverage; both 
activities are vital for guiding effective public health 
response. The proportion of cases with missing immu-
nisation data varied substantially by health unit as 
data collection procedures are not standardised nor is 
immunisation status a mandatory field in iPHIS, sug-
gesting that organisational practices can be modified 
to improve completeness. Contributing factors for this 
variation in practice should be investigated to identify 
and minimise barriers.

Linkage of case-level data to physician billing claims for 
influenza vaccination recorded in the database of the 
Ontario Health Insurance Plan (OHIP) may be a strategy 
to improve completeness of this field and additionally 
offer data on the timing of immunisation in the absence 
of an immunisation registry. Kwong et al. recently suc-
cessfully linked laboratory testing data with the OHIP 
database to ascertain influenza immunisation status 
and subsequently estimate IVE in elderly adults [29]. 
This strategy, however, may lead to misclassification 
of those vaccinated outside of doctor’s offices, e.g. in 

work, school and community-based clinics, as unvac-
cinated [30]. Linkage to health administrative data may 
similarly improve completeness of data on important 
covariates, e.g. chronic conditions. Lastly, immunisa-
tion data captured in iPHIS have not been validated 
against physician billing or medical records. In a sub-
set of cases, we found strong agreement with free-text 
data entered into case notes, which was encourag-
ing regarding the accuracy of the immunisation field. 
These findings, however, should be interpreted cau-
tiously as they were based on a small convenience 
sample. Additionally, the question of the reliability of 
the immunisation field does not address the larger con-
cern regarding missing data. Further work is needed to 
improve the quality of this information, particularly if 
immunisation registries are considered in the future for 
vaccine and programme evaluation.

Conclusions
As health organisations search for efficiency, this study 
highlights potential pitfalls inherent in using readily 
available, routine surveillance data for the purpose 
of IVE estimation. Improved data quality, particularly 
related to immunisation status and its timing as well 
as important covariates, is needed. Further work is 
merited to explore whether linkage with health admin-
istration data or ideally a vaccine registry could offer 
solutions to current data limitations. Fundamentally, 
valid estimation of vaccine effectiveness through any 
observational design requires consistent and system-
atic case finding, ascertainment of vaccination status 
and comparability of study groups, which ultimately 
may not be possible to achieve through passive sur-
veillance systems alone. These methodological consid-
erations apply not only within Ontario but also in other 
regions where annual IVE estimation is of interest. 
Given the significant implications of IVE findings on 
public perceptions and prevention measures, ensuring 
timely and reliable results remains an important goal.
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