
CMAJ  OPEN

© 2016 Joule Inc. or its licensors	 CMAJ OPEN, 4(3)	 E463

Influenza continues to pose a major public health bur-
den in Canada. It is estimated that 5%–10% of the 
population has a symptomatic influenza infection each 

year.1 Since 2000, the province of Ontario has offered free 
influenza vaccines to residents aged 6 months and older in 
a variety of settings, including physician offices, commu-
nity-based public health clinics, healthcare facilities, work-
places, schools and pharmacies. However, the absence of a 
comprehensive vaccination registry that captures influenza 
vaccines delivered in all settings has hindered efforts to 
evaluate the program in terms of vaccine safety, effective-
ness and coverage.

We previously validated physician billing claims for influ-
enza vaccination submitted to the Ontario Health Insurance 
Plan (OHIP) against self-reported influenza vaccination from 
the Canadian Community Health Survey cycle 1.1, conducted 
in 2000/01.2 We found high specificity (97%) and positive pre-

dictive value (91%), moderately high negative predictive value 
(79%), but lower sensitivity (56%). Sensitivity was higher for 
adults aged 65 years and older and for patients who reported 
having chronic medical conditions. Previous studies have found 
self-reported vaccination status to be valid.3–10 The low sensitiv-
ity of physician billing claims is partially explained by patients 
receiving influenza vaccines outside of physician offices.2

The objective of this study was to update the previous vali-
dation with more recent data, and to estimate performance 
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Background: Owing to the absence of a vaccination registry in Ontario, administrative data are currently the best available source to 
determine population-based individual-level influenza vaccination status. Our objective was to validate physician billing claims for 
influenza vaccination in the Ontario Health Insurance Plan database against the Canadian Community Health Survey.

Methods: We used self-reported seasonal influenza vaccination status of Ontario residents surveyed between 2007 and 2009 as the 
reference standard. The survey responses were linked to physician claims database records to validate billing codes for influenza 
vaccination. We calculated sensitivity, specificity, positive predictive value and negative predictive value with 95% confidence inter-
vals (CIs). We stratified the data by several covariates and comorbidities to determine stratum-specific performance characteristics. 
We used these estimates to adjust an estimate of influenza vaccine effectiveness for the 2010/11 influenza season.

Results: For the 47 301 patients included in the analysis, the sensitivity for the billing codes was 49.8% (95% CI 49.0%–50.5%), 
specificity was 95.7% (95% CI 95.5%–96.0%), positive predictive value was 88.4% (95% CI 87.8%–89.0%) and negative predictive 
value was 74.5% (95% CI 74.0%–74.9%). Performance measures were optimized in patients aged 65 years and older, particularly 
those with comorbidities.

Interpretation: Although administrative data have limitations for determining influenza vaccination status, owing to the high positive 
predictive value, they are well suited for self-controlled study designs that are often used to assess vaccine safety. For studies of cov-
erage and effectiveness, restricting the cohort to patients aged 65 years and older will minimize misclassification bias. Performance 
characteristics from this study can be used to mitigate misclassification bias.
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measures of OHIP billing claims for patients with a more 
comprehensive (and more rigorously determined) list of risk 
factors for serious influenza infections.

Methods

Study population and setting
This study included Ontario residents who responded to the 
Canadian Community Health Survey between Jan. 1, 2007, 
and Sept. 30, 2009, and who agreed to have their survey data 
linked with provincial health administrative data. These data 
sets were linked using unique encoded identifiers and ana-
lyzed at the Institute for Clinical Evaluative Sciences (ICES). 
We excluded patients surveyed on Oct. 1, 2009, or later 
because 2 vaccines were used during the 2009/10 influenza 
season (the monovalent pandemic A/H1N1 vaccine and the tri-
valent seasonal influenza vaccine), and we were unable to dif-
ferentiate between them using the OHIP data because the 
same billing codes were used for both vaccines. Data from 
more recent cycles of the survey were not yet available in 
linked format at ICES at the time of manuscript submission. 
This study was approved by the institutional review board at 
Sunnybrook Health Sciences Centre, Toronto, Ontario.

Data sources

Canadian Community Health Survey
The Canadian Community Health Survey is a national cross-
sectional survey that collects health-related information on 
patients aged 12 years and older through telephone and in-per-
son interviews. The first 3 iterations in 2000/01 (cycle 1.1), 
2003 (cycle 2.1) and 2005 (cycle 3.1) were biennial surveys of 
about 130 000 respondents. In 2007, Statistics Canada changed 
the survey design so that data would be collected from about 
65 000 respondents each year. The survey excludes people 
residing on aboriginal settlements, full-time members of the 
Canadian Armed Forces and people living in institutions (less 
than 3% of total population). Details of the survey methodol-
ogy have been described elsewhere.11 The response rates for the 
2007/08 and 2009/10 cycles were 77.6% and 73.2%, respec-
tively. The linkage rate between Canadian Community Health 
Survey and ICES data was 83%.

Ontario Health Insurance Plan database
The OHIP database contains billing information from about 
94% of Ontario’s physicians.12 It excludes physicians not paid 
through fee-for-service methods. OHIP provides virtually the 
entire Ontario population with universal insurance coverage 
for physician services and hospital care, excluding new resi-
dents during their initial 3 months in the province.

Outcomes

Influenza immunization status from the Canadian 
Community Health Survey
Respondents were asked “Have you ever had a flu shot?” 
Those who stated that they had were then asked “When did 

you have your last flu shot?” Respondents who specified that 
they had received the vaccine within the previous 12 months 
were then asked which month; if they answered the current 
month, they were asked “Was that this year or last year?” 

We classified patients who reported receiving a flu shot 
within the last 12 months as having been immunized as fol-
lows: those whose month of vaccination differed from the 
month of interview; and those whose month of vaccination 
matched the month of interview and was in the same year. 
Because the questionnaire did not determine the exact date of 
vaccine receipt, patients whose month of vaccination matched 
the month of interview, but in the previous year, may have 
received their vaccine more than 365 days earlier. For these 
specific patients, we classified those whose interview occurred 
during the first 15 days of the month as having been immu-
nized and those interviewed after the first 15 days of the 
month as not immunized. We conducted a sensitivity analysis 
restricting the survey dates from Feb. 1 to Aug. 31 of each year 
to minimize the risk of immunization year misclassification for 
patients surveyed during influenza vaccination campaigns in 
Ontario (usually September to January).

Influenza immunization status from OHIP
To identify influenza vaccination status in the OHIP data-
base, we used the billing codes for vaccination with influenza 
vaccines, G590 (influenza vaccination plus visit) and G591 
(influenza vaccination only). We also included the tracking 
code Q130 (influenza vaccine tracking code), which is used 
when a patient has undergone vaccination elsewhere. Physi-
cians belonging to certain remuneration plans receive finan-
cial incentives for attaining prespecified targets for influenza 
vaccination of their patients aged 65 years and older, and all 3 
codes are included in the numerator for those calculations. 
Using the Canadian Community Health Survey interview 
date as the reference date, we considered the presence of any 
of the influenza vaccination codes over the previous 365 days 
to be actively immunized.

Other variables
We determined neighbourhood income quintile using residen-
tial postal codes, and defined rural residence as a community 
size of fewer than 10 000 residents. Having a regular physician 
was determined from the Canadian Community Health Sur-
vey question “Do you have a regular medical doctor?” We 
evaluated patients for the presence of a number of potential 
risk factors for serious influenza infection, including chronic 
cardiovascular diseases (congestive heart failure, history of 
acute myocardial infarction or acute ischemic stroke, and 
hypertension), chronic respiratory diseases (asthma and 
chronic obstructive pulmonary disease), diabetes, chronic kid-
ney disease, cancer, immunosuppression (resulting from infec-
tion with HIV or from immunosuppressive therapies), demen-
tia, morbid obesity (body mass index > 40 calculated from the 
height and weight provided in the survey) and pregnancy 
(derived from the MOMBABY database). Most of these condi-
tions were defined using previously validated algorithms 
applied to administrative data sets housed at ICES, including 
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the OHIP database, the Canadian Institute for Health Infor-
mation Discharge Abstract Database, the National Ambulatory 
Care Reporting System, the Same Day Surgery database, the 
Canadian Organ Replacement Register, the Ontario Renal 
Reporting System, the Ontario Diabetes Database, the 
Ontario Cancer Registry, the Ontario Myocardial Infarction 
Database, the Chronic Obstructive Pulmonary Disease data-
base, the Ontario Drug Benefits database, the Ontario Con-
gestive Heart Failure database, the Ontario Hypertension 
Database and the Ontario HIV database.13–29 These databases 
and the definitions used are described in Appendix 1 (available 
at www.cmajopen.ca/content/4/3/E463/suppl/DC1).

Statistical analyses
We set self-reported influenza immunization status from the 
Canadian Community Health Survey as the reference stan-
dard. We calculated performance measures (sensitivity, speci-
ficity, positive predictive value and negative predictive value) 
with 95% confidence intervals (CIs) for OHIP physician bill-
ing claims for influenza vaccination. We stratified the results 
by survey cycle, age group, sex, rural versus urban residence, 
having a regular physician and presence of risk factors for seri-
ous influenza infections. We further stratified some of these 
groups by age (< 65 v. ≥ 65 yr). Statistical analyses were con-
ducted using SAS Enterprise Guide version 6.1 (SAS Institute 
Inc., Cary, NC).

Application example
To illustrate the applicability of our results, we used the val-
ues for sensitivity and specificity to correct the bias arising 
from misclassification of influenza vaccination status based on 
OHIP physician billing claims. We applied a SAS macro 
developed by Fox and associates30 to results from a previous 
study by Kwong and associates that assessed vaccine effec-
tiveness against admissions to hospital for laboratory-con-
firmed influenza among older adults during the 2010/11 
influenza season.31 This macro uses a probabilistic method 
for conducting a sensitivity analysis using individual-level 
data. Using the overall sensitivity and specificity from this 
study’s results for influenza immunization status in Ontario 
patients aged 65 years and older, we calculated vaccine effec-
tiveness corrected for misclassification of the exposure vari-
able (i.e., influenza vaccination).30

Results

There were a total of 48 426 survey responses, of which 1122 
were excluded for either refusal or an inability to answer the 
influenza vaccine question and 3 were excluded for invalid 
birthdates, leaving 47 301 Ontarians included in our analysis 
(Table 1). Based on survey results, about 40% of patients 
reported having undergone vaccination against influenza, 
ranging from less than 25% among patients aged less than 50 
years to 68% among those aged 65 years and older. Vaccine 
coverage was higher among women, older adults, patients with 
a regular physician and patients with risk factors for serious 
influenza infection, except for pregnancy.

Table 1: Demographic characteristics of the study population 
and percentage receiving influenza vaccine within the 
previous 12 months

Characteristic
Patients, no. (%) 

n = 47 301

Patients who 
received vaccine, % 

n =  18 684

Canadian Community Health Survey cycle

    2007/08 33 840 (71.5) 38.9

    2009/10 13 461 (28.5) 41.1

Sex

    Female 25 904 (54.8) 42.4

    Male 21 397 (45.2) 36.1

Age group, yr

    12–17 4071 (8.6) 24.8

    18–49 20 247 (42.8) 23.6

    50–64 11 815 (25.0) 44.6

    ≥ 65 11 168 (23.6) 68.4

Residence*

    Urban 37 406 (79.1) 39.3

    Rural 9802 (20.7) 40.4

Neighbourhood income quintile†

    1 (lowest) 9342 (19.7) 40.3

    2 9402 (19.9) 39.6

    3 9467 (20.0) 39.5

    4 9568 (20.2) 38.7

    5 (highest) 9330 (19.7) 39.7

Has regular doctor

    Yes 43 110 (91.1) 41.3

    No 4191 (8.9) 21.7

Risk factors for serious influenza infections‡

    Hypertension 13 826 (29.2) 61.7

    Asthma 6225 (13.2) 44.0

    Diabetes 4877 (10.3) 63.7

    Cancer 2572 (5.4) 64.4

    COPD 1596 (3.4) 70.5

    Congestive heart 
failure

1235 (2.6) 74.0

    Myocardial infarction 928 (2.0) 69.6

    Chronic kidney 
disease

886 (1.9) 68.9

    Morbid obesity§ 866 (1.8) 43.7

    Stroke 861 (1.8) 66.0

    Immunosuppression 679 (1.4) 74.7

    Pregnancy¶ 512 (1.1) 18.0

    Dementia 245 (0.5) 64.5

    None of the above 25 924 (54.8) 27.3

Note: COPD = chronic obstructive pulmonary disease.
*Missing data on 95 patients.
†Missing data on 192 patients.
‡May add up to more than 100%; patients may have more than 1 risk factor.
§Body mass index > 40.
¶Date of delivery between Nov. 1 and June 1.
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The combined sensitivity for influenza OHIP billing codes 
was 49.8% (95% CI 49.0%–50.5%), specificity was 95.7% 
(95% CI 95.5%–96.0%), positive predictive value was 88.4% 
(95% CI 87.8%–89.0%) and negative predictive value was 
74.5% (95% CI 74.0%–74.9%) (Table 2). The sensitivity 
ranged from 20.3% in adolescents (aged 12–17 yr) to 68.9% 
in patients aged 65 years and older, whereas specificity was 
high for those less than 65 years of age (≥  96.0%) and 
declined to 82.7% for those aged 65 years and older. Simi-
larly, positive predictive value increased with age, whereas 
negative predictive value decreased.

Having access to a regular physician substantially improved 
the sensitivity of OHIP influenza vaccine billing codes, but 
with some decrease in specificity. The validity of the OHIP 
influenza immunization codes was fairly consistent across a 
variety of risk factors, as long as the cohort was restricted to 
patients aged 65 years and older. For chronic conditions, the 
sensitivity ranged from 68.9% to 74.3% and dropped to 
60.5% in patients without any comorbidities. The specificity 
ranged from 73.8% to 90.0%. The sensitivity decreased for all 
conditions to 40.4%–57.4% in patients less than 65 years of 
age, but remained significantly higher than for younger 
patients without any comorbidities (29.1%). The specificity 
was high across all comorbid conditions in the younger cohort. 
The positive predictive value was high for all groups except 
those aged 12–17 years.

In the sensitivity analysis restricted to those who were sur-
veyed between February and August, the overall positive pre-
dictive value increased from 88.4% to 93.2% and the specific-
ity increased marginally from 95.7% to 97.5% (Table 3). The 
improvements in both specificity and positive predictive value 
were seen in all subgroups. Results for patients aged less than 
65 years who have risk factors for serious influenza infection 
are not presented owing to the presence of numerous small 
cells (i.e., cell size < 6 patients).

We incorporated our results into a misclassification bias 
adjustment sensitivity analysis to show the utility of these 
results when using administrative data for determining 
individual-level influenza immunization status for vaccine 
effectiveness studies. We input a sensitivity of 68.6% and a 
specificity of 89.9% (from Table 3). Figure 1 shows a signifi-
cant underestimation of influenza vaccine effectiveness for 
the 2010/11 season before adjusting for the misclassification 
of immune status. Vaccine effectiveness increased from 42% 
(95% CI 29%–53%) to 68% (95% CI 61%–78%) after 
adjustment.

Interpretation

We found that OHIP billing claims had only moderate per-
formance characteristics to correctly identify influenza vacci-
nation status in Ontario, compared with self-report. For chil-
dren and adults less than 65 years of age, sensitivity was under 
50%, but specificity was greater than 90%. Among those aged 
65 years and older, sensitivity was higher, but with lower 
specificity. The sensitivity was generally higher for patients 
with comorbid conditions and those with a regular physician. 

These subpopulations had the most accurate OHIP influenza 
vaccination billing claims. The performance characteristics 
were better when restricted to Canadian Community Health 
Survey respondents who were surveyed between February and 
August, suggesting the presence of some misclassification by 
influenza season when including respondents surveyed during 
months when influenza vaccines are generally given.

There are a number of potential explanations for the low 
sensitivity of OHIP billing claims. A substantial minority of 
individuals are vaccinated outside of physician offices, and we 
would not expect their vaccinations to be captured in health 
administrative data, despite the existence of an influenza vac-
cine tracking code. These people include those who received 
the vaccine at workplaces, schools or public health clinics. In 
2012, pharmacists began providing vaccination, and these are 
captured in the Ontario Drug Benefits database, which may 
improve the performance of Ontario administrative data in 
subsequent years. In addition, remuneration per vaccination is 
low (ranging from $0.68 to $9.60, depending on the family 
practice funding model), possibly resulting in missed billings.

The lower specificity in the older population is more diffi-
cult to explain. It is possible that proportionally more older 
adults forget while responding to the survey that they had 
received the influenza vaccine that year. However, previous 
studies have found self-reported influenza vaccination status to 
be reasonably valid.3–9 Alternatively, billing errors or medical 
fraud could explain a proportion of the false-positive results.

Limitations
The Canadian Community Health Survey excludes children 
younger than 12 years and older adults living in long-term 
care facilities. These are important high-risk groups to 
include in studies, and it is unfortunate that we are unable to 
quantify the validity of influenza vaccination in these groups. 
However, our study does characterize the validity of influenza 
vaccination, as captured by administrative data, in virtually all 
other high-risk groups.

We used self-report as the reference standard in this anal-
ysis, and although verification of responses was not possible, 
8 previous validation studies comparing self-report to medi-
cal records suggest that sensitivity of self-report is high 
(86%–100%); both specificity and positive predictive value 
are more variable, but are generally lower (38%–98% and 
62%–96%, respectively).3–10 However, the specificity and 
positive predictive value of self-report may be artificially 
reduced when using medical records as the reference stan-
dard if patients can receive influenza vaccine through alterna-
tive providers (e.g., workplaces, pharmacies).

Conclusion
This study updates the performance characteristics from our 
previous study,2 with a much larger sample size, more recent 
iterations of the Canadian Community Health Survey and a 
far more extensive list of risk factors for serious influenza 
infection defined using validated methods. We quantified 
the sensitivity, specificity, positive predictive value and nega-
tive predictive value across a variety of variables, including 
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Table 2: Performance measures of Ontario Health Insurance Plan physician billing claims compared with self-reported influenza vaccination using 
Canadian Community Health Survey data

Characteristic

Immunity, no.
Sensitivity
(95% CI)

Specificity
(95% CI) PPV (95% CI) NPV (95% CI)TP FP FN TN

Total 9303 1218 9395 27 385 49.8 (49.0–50.5) 95.7 (95.5–96.0) 88.4 (87.8–89.0) 74.5 (74.0–74.9)

Canadian Community Health Survey cycle

    2007/08 6506 1023 6666 19 645 49.4 (48.5–50.2) 95.1 (94.8–95.3) 86.4 (85.6–87.2) 74.7 (74.1–75.2)

    2009/10 2797 195 2729 7740 50.6 (49.3–51.9) 97.5 (97.2–97.9) 93.5 (92.6–94.4) 73.9 (73.1–74.8)

Age group, yr

    12–17 205 71 803 2992 20.3 (17.9–22.8) 97.7 (97.1–98.2) 74.3 (69.1–79.4) 78.8 (77.5–80.1)

    18–49 1510 275 3272 15 190 31.6 (30.3–32.9) 98.2 (98.0–98.4) 84.6 (82.9–86.3) 82.3 (81.7–82.8)

    50–64 2319 263 2947 6285 44.0 (42.7–45.4) 96.0 (95.5–96.5) 89.8 (88.6–91.0) 68.1 (67.1–69.0)

    ≥ 65 5269 609 2373 2918 68.9 (67.9–70.0) 82.7 (81.5–84.0) 89.6 (88.9–90.4) 55.2 (53.8–56.5)

Sex

    Female 5536 708 5448 14 211 50.4 (49.5–51.3) 95.3 (94.9–95.6) 88.7 (87.9–89.4) 72.3 (71.7–72.9)

    Male 3767 510 3947 13 174 48.8 (47.7–49.9) 96.3 (96.0–96.6) 88.1 (87.1–89.0) 76.9 (76.3–77.6)

Residence

    Urban 7474 1016 7229 21 687 50.8 (50.0–51.6) 95.5 (95.3–95.8) 88.0 (87.3–88.7) 75.0 (74.5–75.5)

    Rural 1812 201 2152 5638 45.7 (44.2–47.3) 96.6 (96.1–97.0) 90.0 (88.7–91.3) 72.4 (71.4–73.4)

Has a regular doctor (patient age, yr)

    Yes (< 65) 3924 585 6430 21 505 37.9 (37.0–38.8) 97.4 (97.1–97.6) 87.0 (86.0–88.0) 77.0 (76.5–77.5)

    Yes (≥ 65) 5205 600 2229 2632 70.0 (69.0–71.1) 81.4 (80.1–82.8) 89.7 (88.9–90.4) 54.1 (52.7–55.5)

    No (< 65) 110 24 592 2962 15.7 (13.0–18.4) 99.2 (98.9–99.5) 82.1 (75.6–88.6) 83.3 (82.1–84.6)

    No (≥ 65) 64 9 144 286 30.8 (24.5–37.0) 96.9 (95.0–98.9) 87.7 (80.1–95.2) 66.5 (62.1–71.0)

Risk factors for serious influenza infections (age ≥ 65 yr)

    Hypertension 4012 448 1589 1671 71.6 (70.4–72.8) 78.9 (77.1–80.6) 90.0 (89.1–90.8) 51.3 (49.5–53.0)

    Asthma 651 63 270 244 70.7 (67.7–73.6) 79.5 (75.0–84.0) 91.2 (89.1–93.3) 47.5 (43.2–51.8)

    Diabetes 1 40 159 544 554 71.1 (69.1–73.2) 77.7 (74.6–80.8) 89.4 (87.8–91.0) 50.5 (47.5–53.4)

    Cancer 858 81 342 359 71.5 (68.9–74.1) 81.6 (78.0–85.2) 91.4 (89.6–93.2) 51.2 (47.5–54.9)

    COPD 586 55 265 234 68.9 (65.7–72.0) 81.0 (76.4–85.5) 91.4 (89.3–93.6) 46.9 (42.5–51.3)

    Congestive heart failure 571 51 202 178 73.9 (70.8–77.0) 77.7 (72.3–83.1) 91.8 (89.6–94.0) 46.8 (41.8–51.9)

    Myocardial infarction 329 34 130 120 71.7 (67.6–75.8) 77.9 (71.4–84.5) 90.6 (87.6–93.6) 48.0 (41.8–54.2)

    Chronic kidney disease 323 36 134 116 70.7 (66.5–74.9) 76.3 (69.6–83.1) 90.0 (86.9–93.1) 46.4 (40.2–52.6)

    Morbid obesity* 67 < 6 < 30 45 72.0 (62.9–81.2) 90.0 (81.7–98.3) 93.1 (87.2–98.9) 63.4 (52.2–74.6)

    Stroke 334 39 124 137 72.9 (68.9–77.0) 77.8 (71.7–84.0) 89.5 (86.4–92.6) 52.5 (46.4–58.5)

    Immunosuppression 337 25 133 123 71.7 (67.6–75.8) 83.1 (77.1–89.1) 93.1 (90.5–95.7) 48.0 (41.9–54.2)

    Dementia 107 21 37 59 74.3 (67.2–81.4) 73.8 (64.1–83.4) 83.6 (77.2–90.0) 61.5 (51.7–71.2)

    No risk factors 733 95 478 856 60.5 (57.8–63.3) 90.0 (88.1–91.9) 88.5 (86.4–90.7) 64.2 (61.6–66.7)

Risk factors for serious influenza infections (age < 65 yr)

    Hypertension 1460 176 1471 2999 49.8 (48.0–51.6) 94.5 (93.7–95.3) 89.2 (87.7–90.7) 67.1 (65.7–68.5)

    Asthma 734 87 1084 3092 40.4 (38.1–42.6) 97.3 (96.7–97.8) 89.4 (87.3–91.5) 74.0 (72.7–75.4)

    Diabetes 649 76 572 983 53.2 (50.4–56.0) 92.8 (91.3–94.4) 89.5 (87.3–91.7) 63.2 (60.8–65.6)

    Cancer 215 19 243 459 46.9 (42.4–51.5) 96.0 (94.3–97.8) 91.9 (88.4–95.4) 65.4 (61.9–68.9)

    COPD 152 21 122 161 55.5 (49.6–61.4) 88.5 (83.8–93.1) 87.9 (83.0–92.7) 56.9 (51.1–62.7)

    Congestive heart failure 81 11 60 81 57.4 (49.3–65.6) 88.0 (81.4–94.7) 88.0 (81.4–94.7) 57.4 (49.3–65.6)

    Myocardial infarction 94 10 93 118 50.3 (43.1–57.4) 92.2 (87.5–96.8) 90.4 (84.7–96.1) 55.9 (49.2–62.6)

    Chronic kidney disease 81 < 6 < 75 120 52.9 (45.0–60.9) 96.8 (93.7–99.9) 95.3 (90.9–99.8) 62.5 (55.7–69.3)

    Morbid obesity* 144 27 141 411 50.5 (44.7–56.3) 93.8 (91.6–96.1) 84.2 (78.7–89.7) 74.5 (70.8–78.1)

    Stroke 63 < 6 < 50 113 57.3 (48.0–66.5) 96.6 (93.3–99.9) 94.0 (88.4–99.7) 70.6 (63.6–77.7)

    Pregnancy† 67 13 93 565 41.9 (34.2–49.5) 97.8 (96.5–99.0) 83.8 (75.7–91.8) 85.9 (83.2–88.5)

    No risk factors 1725 321 4209 17 447 29.1 (27.9–30.2) 98.2 (98.0–98.4) 84.3 (82.7–85.9) 80.6 (80.0–81.1)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, FN = false negative, FP = false positive, NPV = negative predictive value, PPV = positive 
predictive value, TN = true negative, TP = true positive.
*Body mass index > 40.
†Date of delivery between Nov. 1 and June 1.
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multiple high-risk influenza groups. These results can be 
used to correct for underdetermination of vaccine coverage 
levels at the aggregate level, and to account for misclassifica-
tion bias of vaccination status at the individual level (e.g., in 
studies of influenza vaccine effectiveness). We have shown 
the importance of quantifying misclassification bias, with 
substantial underestimation of influenza vaccine effective-

ness when using OHIP physician billing claims data to 
determine vaccination status. Nondifferential misclassifica-
tion is generally expected to bias results toward the null 
hypothesis and thus underestimate effect sizes. However, 
this may not always be true; therefore it is important to 
quantify the degree of systematic error in observational stud-
ies.30 In addition, the high positive predictive value and spec-

Table 3: Performance measures of Ontario Health Insurance Plan physician billing claims compared with self-reported influenza 
vaccination using Canadian Community Health Survey data, restricted to patients surveyed between Feb. 1 and Aug. 31

Characteristic

Immunity, no. 
Sensitivity
(95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)TP FP FN TN

Total 5639 408 5744 16 017 49.5 (48.6–50.5) 97.5 (97.3–97.8) 93.2 (92.6–93.9) 73.6 (73.0–74.2)

Canadian Community Health Survey cycle

    2007/08 3745 276 3831 10 414 49.4 (48.3–50.6) 97.4 (97.1–97.7) 93.1 (92.4–93.9) 73.1 (72.4–73.8)

    2009/10 1894 132 1913 5603 49.8 (48.2–51.3) 97.7 (97.3–98.1) 93.5 (92.4–94.6) 74.5 (73.6–75.5)

Age group, yr

    12–17 126 34 507 1745 19.9 (16.8–23.0) 98.1 (97.5–98.7) 78.8 (72.4–85.1) 77.5 (75.8–79.2)

    18–49 960 112 2025 9060 32.2 (30.5–33.8) 98.8 (98.6–99.0) 89.6 (87.7–91.4) 81.7 (81.0–82.5)

    50–64 1401 83 1770 3610 44.2 (42.5–45.9) 97.8 (97.3–98.2) 94.4 (93.2–95.6) 67.1 (65.8–68.4)

    ≥ 65 3152 179 1442 1602 68.6 (67.3–70.0) 89.9 (88.6–91.3) 94.6 (93.9–95.4) 52.6 (50.9–54.4)

Sex

    Female 3345 221 3320 8226 50.2 (49.0–51.4) 97.4 (97.0–97.7) 93.8 (93.0–94.6) 71.2 (70.4–72.1)

    Male 2294 187 2424 7791 48.6 (47.2–50.0) 97.7 (97.3–98.0) 92.5 (91.4–93.5) 76.3 (75.4–77.1)

Residence

    Urban 4485 348 4360 12 628 50.7 (49.7–51.7) 97.3 (97.0–97.6) 92.8 (92.1–93.5) 74.3 (73.7–75.0)

    Rural 1142 59 1376 3 357 45.4 (43.4–47.3) 98.3 (97.8–98.7) 95.1 (93.9–96.3) 70.9 (69.6–72.2)

Has a regular doctor (patient age, yr)

    Yes (< 65) 2424 218 3941 12 705 38.1 (36.9–39.3) 98.3 (98.1–98.5) 91.7 (90.7–92.8) 76.3 (75.7–77.0)

    Yes (≥ 65) 3119 176 1349 1441 69.8 (68.5–71.2) 89.1 (87.6–90.6) 94.7 (93.9–95.4) 51.6 (49.8–53.5)

    No (< 65) 63 11 361 1710 14.9 (11.5–18.2) 99.4 (99.0–99.7) 85.1 (77.0–93.2) 82.6 (80.9–84.2)

    No (≥ 65) 33 < 6 < 95 161 26.2 (18.5–33.9) 98.2 (96.1–100.0) 91.7 (82.6–100.0) 63.4 (57.5–69.3)

Risk factors for serious influenza infections (age ≥ 65 yr)

    Hypertension 2403 121 977 896 71.0 (69.6–72.6) 88.1 (86.1–90.1) 95.2 (94.4–96.0) 47.8 (45.6–50.1)

    Asthma 368 18 159 134 69.8 (65.9–73.7) 88.2 (83.0–93.3) 95.3 (93.2–97.4) 45.7 (40.0–51.4)

    Diabetes 808 52 332 293 70.9 (68.2–73.5) 84.9 (81.2–88.7) 94.0 (92.4–95.5) 46.9 (43.0–50.8)

    Cancer 494 19 196 186 71.6 (68.2–75.0) 90.7 (86.8–94.7) 96.3 (94.7–97.9) 48.7 (43.7–53.7)

    COPD 348 11 164 128 68.0 (63.9–72.0) 92.1 (87.6–96.6) 96.9 (95.2–98.7) 43.8 (38.1–49.5)

    Congestive heart failure 345 10 117 94 74.7 (70.7–78.6) 90.4 (84.7–96.1) 97.2 (95.5–98.9) 44.5 (37.8–51.3)

    Myocardial infarction 204 12 78 66 72.3 (67.1–77.6) 84.6 (76.6–92.6) 94.4 (91.4–97.5) 45.8 (37.7–54.0)

    Chronic kidney disease 187 10 81 69 69.8 (64.3–75.3) 87.3 (80.0–94.7) 94.9 (91.9–98.0) 46.0 (38.0–54.0)

    Morbid obesity* 40 0 13 26 75.5 (63.9–87.1) 100.0 (100.0–100.0) 100.0 (100.0–100.0) 66.7 (51.9–81.5)

    Stroke 191 14 79 70 70.7 (65.3–76.2) 83.3 (75.4–91.3) 93.2 (89.7–96.6) 47.0 (39.0–55.0)

    Immunosuppression 194 7 84 63 69.8 (64.4–75.2) 90.0 (83.0–97.0) 96.5 (94.0–99.0) 42.9 (34.9–50.9)

    Dementia 59 11 19 31 75.6 (66.1–85.2) 73.8 (60.5–87.1) 84.3 (75.8–92.8) 62.0 (48.5–75.5)

    No risk factors 415 35 276 473 60.1 (56.4–63.7) 93.1 (90.9–95.3) 92.2 (89.7–94.7) 63.2 (59.7–66.6)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, FN = false negative, FP = false positive, NPV = negative predictive value, PPV = positive 
predictive value, TN = true negative, TP = true positive.
*Body mass index > 40.
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ificity suggests that the database can accurately identify 
patients who have truly undergone vaccination, allowing 
these data to be used to study influenza vaccine safety using 
self-controlled study designs.32

In the absence of a vaccination registry in Ontario, admin-
istrative data represent the best available data source to study 
influenza vaccines at a population level. However, we fully 
support the creation of a registry in Ontario to permit optimal 
evaluations of our publicly funded vaccination programs, par-
ticularly since vaccinations given at public health and work-
place clinics are not captured by physician billing claims data. 
Despite the limitations of administrative data, the results of 
this study will enable adjustments for systematic error in 
future studies.
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Figure 1: Influenza vaccine effectiveness estimates for the 2010/11 
season, with 95% confidence intervals, from Kwong and associates31 
before and after adjustment for misclassification bias using the vali-
dation results from this study.
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