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Abstract 

Background  Determining vaccination status among the population is key for vaccine research and surveillance. 
This study aimed to validate the combined use of Ontario Health Insurance Program (OHIP) physician billing claims 
and Ontario Drug Benefit program (ODB) pharmacist billing claims against data from the Canadian Community 
Health Survey (CCHS).

Methods  OHIP and ODB billing claims databases were linked to 2013–2014 CCHS data, which contain self-reported 
seasonal influenza vaccination status of respondents (the reference standard). Sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV), and their associated 95% confidence intervals (CIs) were 
estimated. Subgroup analyses were performed based on key respondent characteristics, including having a regular 
medical doctor and the presence of risk factors for influenza complications.

Results  There were 31,390 eligible CCHS respondents aged ≥ 12 years in Ontario who responded to the influenza 
vaccination questions and agreed to have their responses linked to health administrative databases. More than half 
(55%) were female, 29% were aged ≥ 65 years, 93% had a regular medical doctor, and 54% had one or more risk 
factors for influenza complications. The sensitivity for the combined administrative databases was 60.1% (95% CI, 
59.3%–61.0%), specificity was 98.5% (95% CI, 98.3%–98.7%), PPV was 96.7% (95% CI, 96.3%–97.1%), and NPV was 76.9% 
(95% CI, 76.4%–77.5%). Sensitivity was higher among those aged ≥ 65 years (72.7%; 95% CI, 71.6%–73.7%), with a regu-
lar medical doctor (61.1%; 95% CI, 60.3%–62.0%), and those with at least one risk factor for influenza complications 
(65.8%; 95% CI, 64.9%–66.8%).

Conclusion  Combining administrative physician and pharmacy claims data in Ontario results in moderate sensitivity 
but very high specificity and PPV, demonstrating that they can be a valid measure of influenza vaccination status.
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Introduction
Influenza remains a significant public health challenge 
in Canada, contributing to approximately 12,200 hospi-
talizations and 3,500 deaths annually [1, 2]. This high 
burden of illness underscores the critical need for effec-
tive prevention strategies. Vaccination plays a vital role 
in reducing the spread and severity of influenza [3, 4]. 
Consequently, the Canadian province of Ontario offers 
influenza vaccines free of charge to all residents aged 
≥ 6 months.

Accurately determining vaccination status within the 
population is essential for advancing vaccine research, 
monitoring public health activities, and evaluating the 
effectiveness and impact of immunization programs. To 
assess the impact of vaccination efforts, it is essential 
to accurately measure vaccine effectiveness. Studies on 
vaccine effectiveness rely on valid data about individu-
als’ vaccination status and their subsequent health out-
comes [5]. These data allow researchers to evaluate how 
well the vaccine prevents illness, hospitalizations, and 
severe complications across diverse population groups. 
Valid measures of vaccination status are needed for 
vaccine effectiveness studies to produce accurate esti-
mates, which in turn are necessary for guiding public 
health policies and resource allocation [6]. Moreover, 
understanding the effectiveness of the vaccine helps to 
refine future vaccination campaigns so that they con-
tinue to provide optimal protection to the population.

Vaccination status can be determined using vacci-
nation registries, self-report questionnaires, patient 
medical records, or administrative databases [7]. Previ-
ous studies suggest self-report should be the reference 
standard for determining influenza vaccination status 
in the absence of registries [7–11]. However, due to the 
absence of influenza vaccine registries in Ontario, and 
challenges obtaining timely self-reported vaccination 
status, administrative databases become an essential 
resource to measure influenza vaccination status.

Until recently, physician billing claims for adminis-
tering influenza vaccines, which are captured in the 
Ontario Health Insurance Plan (OHIP) database, were 
the main source for ascertaining influenza vaccination 
status. A previous validation study by Schwartz et  al., 
which compared OHIP claims between 2007 and 2009 
against self-reported vaccination status from the Cana-
dian Community Health Survey (CCHS), showed that 
the claims data were moderately sensitive (49.8% [95% 
Confidence Interval (CI), 49.0%–50.5%]) and highly 
specific (95.7% [95% CI, 95.5%–96.0%]) in correctly 
identifying vaccination status. [12] The positive and 
negative predictive values were 88.4% (95% CI, 87.8%–
89.0%) and 74.5% (95% CI, 74.0%–74.9%), respectively.

In 2012, Ontario authorized pharmacists to adminis-
ter influenza vaccines in community pharmacies, which 
facilitated access and increased vaccine coverage in the 
population [13, 14]. As a result, pharmacies became the 
most common place for influenza vaccination in Ontario 
[15]. These claims are recorded in the Ontario Drug Ben-
efit (ODB) database. Despite the growing role of phar-
macies in vaccination efforts, the approach of including 
pharmacy claims along with OHIP physician billing 
claims to assess influenza vaccination status has yet to be 
validated in Ontario.

The objective of this study was to validate the measure 
of vaccination status derived from combining OHIP and 
ODB data in Ontario against the reference standard of 
self-report in the CCHS.

Methods
Study design & data sources
We conducted a validation study using CCHS survey 
data linked to OHIP, ODB, and other health administra-
tive databases (described below). These databases were 
linked using unique encoded identifiers and analyzed at 
ICES. ICES is an independent, non-profit research insti-
tute whose status under Ontario’s health information pri-
vacy law allows it to collect and analyze health care and 
demographic data, without consent, for health system 
evaluation and improvement [16].

CCHS is a cross-sectional survey targeting a repre-
sentative sample of Canadians aged ≥ 12 years across 
all provinces and territories, excluding those living on 
First Nations reserves or other Indigenous settlements, 
full-time members of the Canadian Armed Forces, insti-
tutionalized individuals, and children in foster care [17, 
18]. Excluded individuals represent less than 3% of the 
population aged ≥ 12 years [19]. The annual survey cycles 
sample 65,000 respondents recruited by a multi-stage 
sampling strategy and weighted to provide valid estimates 
of the Canadian population [18]. The CCHS has the capa-
bility to combine two consecutive annual samples using 
appropriate weighting techniques, enabling researchers 
to increase sample size and improve the precision of esti-
mates [18]. The CCHS uses a sampling method designed 
to produce representative samples at both provincial and 
national levels. Thus, the survey’s respondents reflect the 
demographic and health characteristics of the broader 
populations in each province and across Canada.

The OHIP database captures physician billing claims 
for the reimbursement of clinical services provided in 
physician offices, including influenza vaccination [20].

Information on pharmacist billing claims for influ-
enza vaccinations administered in community pharma-
cies, including the vaccine’s unique product number 
and service date, are recorded in the ODB database. 
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Clinical services including the vaccine and adminis-
tration fees are covered by the ODB program for all 
Ontario residents aged six months or older [21]. As 
such, all vaccinations of Ontario residents by pharma-
cists are captured in this database.

Demographic characteristics of respondents (age, 
sex) and postal code were extracted from Ontario’s 
Registered Persons Database (RPDB). The Postal Code 
Conversion File (PCCF +) dataset was used to link 
postal codes to Census data to derive area-based rela-
tive measures of residence for each individual (urban 
vs rural, with the latter defined as a community with 
≤ 10,000 residents) [22]. Further, the PCCF + was also 
used to link each respondent’s residential postal code to 
Census dissemination area (population of between 400 
and 700 people) median household income quintiles as 
a proxy for individual socioeconomic status.

Respondents’ clinical characteristics related to the 
risk for serious influenza infection complications (i.e., 
risk factors) were identified using previously validated 
algorithms involving diagnostic codes recorded in the 
Canadian Institute for Health Information (CIHI) Dis-
charge Abstract Database (DAD), the National Ambu-
latory Care Reporting System (NACRS), the Same Day 
Surgery (SDS) database, and the OHIP database (details 
in Appendix 1) [23–29].

Ethics approval for this study was obtained from 
the University of Waterloo, Office of Research Eth-
ics (CREB# IRB00007409, HREB# IRB00002419) in 
accordance with the Tri-Council Policy Statement: Eth-
ical Conduct for Research Involving Humans (TCPS 2), 
Canada.

Study sample
All CCHS respondents interviewed during the 2013 
and 2014 cycles were included if they had agreed to 
having their data linked to administrative databases, 
answered the “flu shot” theme questions, and were 
Ontario residents with OHIP coverage for at least one 
year prior to the CCHS interview date. At the time this 
study was conducted, the most recent CCHS cycles 
linked and accessible at ICES were the 2013 and 2014 
cycles. Respondents interviewed for both cycles were 
only included once during the earliest cycle (i.e., 2013). 
Respondents whose physician claims data for influ-
enza vaccination indicated only an “incentive fee” bill-
ing code (Q130), used by physicians to indicate that a 
patient has received an influenza vaccine elsewhere, 
without a corresponding pharmacy or physician claim, 
were excluded as this was considered an ambigu-
ous vaccination status. In a sensitivity analysis, these 
respondents were included as vaccinated.

Measures
Demographic variables examined included sex, age 
group, rurality, and neighbourhood-level median 
household income quintile. Data on year of survey and 
having a regular medical doctor were extracted from 
the CCHS. A “regular medical doctor” generally refers 
to a family doctor or general practitioner who offers 
ongoing primary care and serves as the main point of 
contact for various health concerns, including specialist 
referrals. The risk groups for influenza-related compli-
cations were selected based on recommendation state-
ments from Canada’s National Advisory Committee on 
Immunization (NACI). The following risk factors were 
identified: anemia, asthma, cancer, cardiovascular dis-
ease (including arrhythmia, hypertension, ischemic 
heart disease, myocardial infarction, and stroke), 
chronic obstructive pulmonary disease (COPD), 
dementia, and being immunocompromised. These risk 
factors guided the selection of the groups included in 
the analysis (Appendix 1).

Influenza vaccination status
The CCHS included a set of flu shot-themed questions 
that were asked of every respondent. We developed the 
following algorithm to determine the vaccination status 
of respondents (Appendix 2). Respondents were asked 
“Have you ever had a seasonal flu shot, excluding the 
H1 N1 flu shot?”. If the response was “NO”, respond-
ents were considered unvaccinated. If they said “YES”, 
they were prompted to indicate the timing of this vac-
cination relative to the interview date (less than 1 year 
ago, 1  year to less than 2  years ago, or 2  years ago or 
more). Only those choosing “less than 1  year ago” for 
their most recent influenza vaccination were consid-
ered vaccinated. Individuals who provided ambiguous 
responses to either of the two questions such as “Don’t 
Know/Refuse [to answer]” were removed from the 
study sample. Previous validation studies have used a 
similar approach for ascertaining influenza vaccination 
status [12, 30, 31].

In the administrative databases, respondents’ vac-
cination status was determined by the presence of a 
billing code for influenza vaccination in OHIP or ODB 
(codes available in Appendix 3) [32, 33]. The timing of 
billing codes relative to the CCHS interview date was 
used to determine influenza vaccination status. The 
vaccination lookback window extended from the inter-
view date to 365 days prior. Individuals vaccinated on 
the interview day were considered vaccinated. If mul-
tiple vaccination dates were recorded in OHIP or ODB, 
the closest date to the interview was used.
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Data analysis
We presented the distribution of respondents’ demo-
graphic and clinical characteristics by their CCHS 
vaccination status. Chi-square (χ2) tests for each cat-
egorical variable by exposure (vaccination status) were 
performed to check for bivariate statistical significance. 
The p-value for statistical significance was < 0.05. The 
sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calculated 
(with 95% CIs), assessing the validity of the combined 
administrative databases (OHIP and ODB) compared 
with the reference (CCHS) [34, 35]. Sensitivity was 
defined as the proportion of individuals vaccinated 
according to the reference standard (CCHS) who were 
also identified as vaccinated in the administrative data 
source (pharmacy claims or physician billing data-
bases), among all individuals vaccinated in CCHS. 
Specificity was defined as the proportion of individu-
als unvaccinated in CCHS who were also classified as 
unvaccinated in the administrative data source, among 
all individuals unvaccinated in CCHS. PPV was cal-
culated as the proportion of individuals identified as 
vaccinated in the administrative data source who were 
confirmed as vaccinated in the reference standard. NPV 
was the proportion of individuals classified as unvacci-
nated in the administrative data source who were also 
unvaccinated in the reference standard. The 95% con-
fidence intervals were calculated using the Clopper-
Pearson exact method.

Subgroup analysis
Subgroup analyses were conducted by CCHS cycle year 
(2013 and 2014), sex, age group, rural/urban residence, 
presence of a regular medical doctor, and risk fac-
tors for influenza-related complications (one or more 
as well as individual risk factors, including arrhyth-
mia/hypertension/ischemic heart disease/myocar-
dial infarction/stroke), COPD, dementia, and being 
immunocompromised.

Sensitivity analysis
Three sensitivity analyses were carried out. First, to 
determine if excluding respondents with ambiguous vac-
cination status—identified by the presence of the “incen-
tive fee” code (Q130) without a corresponding ODB or 
OHIP claim—affected the results, we re-ran the analy-
ses including these respondents as vaccinated. Second, 
since participants were asked about the 365 days before 
the interview, there is a risk of misclassification of the 
immunization year (whether it was during the most 
recent influenza vaccination campaign or the previous 
one) [12]. To minimize this risk, we conducted a sensi-
tivity analysis by only including respondents interviewed 

outside influenza vaccination campaigns (between Feb-
ruary 1 and August 31, in both 2013 and 2014), so that 
their answers specifically reflected the most proximal 
season to the date of interview. This sensitivity analysis 
aimed to include individuals vaccinated after the peak 
influenza vaccination campaign period, which typically 
occurs in the fall and early winter. It is important to dis-
tinguish between the timing of influenza vaccination 
campaigns and the influenza season, when virus circula-
tion is highest. As this study focused on the accuracy of 
vaccination records rather than influenza infection risk, 
the relevant time period was the vaccination campaign 
period, when vaccines were administered, rather than the 
influenza season itself.Finally, since billing timestamps in 
administrative databases might not always match vaccine 
administration dates due to potential delays in billing, we 
conducted a sensitivity analysis allowing an extra 30 days 
of billing delay. Thus, we only considered vaccinations 
billed in 335 days before the interview date.

Results
There were 42,553 respondents aged ≥ 12 years inter-
viewed in Ontario during CCHS cycles 2013 and 2014 
[17, 18]. The number of respondents who agreed to data 
linkage was 33,047 (77.5%). After applying the inclusion 
and exclusion criteria, the final study sample included 
31,390 CCHS respondents (Fig. 1).

A total of 13,358 (42.6%) of these CCHS respondents 
reported receiving an influenza vaccination in the past 12 
months (Table 1). This was higher for those surveyed in 
2014 than in 2013 (44.4% versus 40.8%, p-value < 0.0001), 
for females than for males (45.3% versus 39.2%, p-value 
< 0.0001), and for those aged ≥ 65 years than those 
younger than 65 (71.4% versus 30.7%, p-value < 0.0001). 
There was a similar proportion reporting having received 
the influenza vaccination across urban and rural set-
tings (~ 43%, p-value = 0.65) and across neighbourhood 
income quintiles (~ 41-–43%, p-value = 0.1973). How-
ever, a larger proportion of individuals with a regular 
medical doctor had been vaccinated compared to those 
without one (44.2% versus 20.4%, p-value < 0.0001). The 
proportion of respondents with any risk factors for influ-
enza-related complications who were vaccinated was 
55.4%, but this percentage ranged from 78.4%, among 
respondents with dementia to 45.2% among respondents 
with asthma.

There were 8,308 individuals ascertained as having 
received influenza vaccination in the combined (OHIP 
and ODB) administrative data (Table 2). Of these, 6,238 
(75.1%) individuals were captured by OHIP only, 1,994 
(24.0%) were captured by ODB only, and 76 (0.9%) had 
both physician and pharmacy billing claims. There were 
274 respondents (0.87% of the total study population) 
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identified as being vaccinated based on OHIP/ODB 
data who reported in the CCHS that they had not been 
vaccinated.

Performance measures (sensitivity, specificity, PPV, NPV)
The sensitivity of the administrative databases in cap-
turing individual vaccination status was 60.1% (95% CI, 
59.3%–61.0%), whereas the specificity was 98.5% (95% 
CI, 98.3%–98.7%) (Table  2). The PPV and NPV were 
96.7% (95% CI, 96.3%–97.1%) and 76.9% (95% CI, 76.4%–
77.5%), respectively.

Subgroup analyses
Performance measures varied by several respondent 
characteristics (Table  2). Sensitivity was higher in the 
2014 CCHS interview year (63.0%, 95% CI, 61.8%–64.1%) 
compared with the 2013 interview year (57.3%, 95% CI, 
56.1%–58.5%). It was also higher for respondents aged 
≥ 65 years (72.7%, 95% CI, 71.6%–73.7%) relative to those 

younger than 65 years (48.3%, 95% CI, 47.1%–49.4%), and 
for those with a regular medical doctor (61.1%, 95% CI, 
60.3%‒62.0%) compared to those without (31.9%, 95% 
CI, 27.5%–36.6%). Sensitivity was also higher among 
respondents with any medical risk factors (65.8%, 95% 
CI, 64.9%–66.8%) compared to those with no risk factors 
(46.7%, 95% CI, 45.1%–48.2%). The specificity was con-
sistently higher than 95% across all subgroups. The only 
subgroup showing relatively lower specificity was that 
for respondents with dementia where the specificity was 
82.5% (95% CI, 70.1%–91.3%).

Sensitivity analysis
None of the three sensitivity analyses showed substan-
tial differences compared to the original analysis. Includ-
ing the 304 respondents with only the Q130"incentive 
fee"code as vaccinated produced results consistent with 
the main analyses (Appendix  4). Restricting the CCHS 
data to only those interviewed between February and 

Fig. 1  Flowchart of the study sample for Canadian Community Health Survey 2013/2014 respondents. OHIP = Ontario Health Insurance Plan, CCHS 
= Canadian Community Health Survey
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Table 1  Descriptive characteristics by influenza vaccination status within the previous 12 months according to the Canadian 
Community Health Survey

*  Missing data on 21 respondents
§  Missing data on 73 respondents

¥ Missing data (’Don’t Know’) on 36 respondents

Characteristics Respondents who received influenza 
vaccine, 
no
(Row %)

Respondents who did not receive the influenza 
vaccine, 
no
(Row %)

p-value

n = 13,358 (42.6%) n = 18,032 (57.4%)

Canadian Community Health Survey Year of Interview

  2013 6625 (40.8%) 9604 (59.2%)  < 0.0001

  2014 6733 (44.4%) 8428 (55.6%)

Sex

  Female 7824 (45.3%) 9443 (54.7%)  < 0.0001

  Male 5534 (39.2%) 8589 (60.8%)

Age group

  12–17 694 (27.9%) 1792 (72.1%)  < 0.0001

  18–49 2595 (22.8%) 8810 (77.2%)

  50–64 3559 (42.4%) 4825 (57.6%)

  65 +  6510 (71.4%) 2605 (28.6%)

 < 65 6848 (30.7%) 15,427 (69.3%)

Residence*

  Urban 10,503 (42.5%) 14,205 (57.5%) 0.65

  Rural 2851 (42.8%) 3810 (57.2%)

Neighbourhood income quintile§

  1 (least affluent) 2509 (43.4%) 3267 (56.6%) 0.1973

  2 2745 (42.6%) 3698 (57.4%)

  3 2585 (41.4%) 3654 (58.6%)

  4 2766 (42.3%) 3773 (57.7%)

  5 2723 (43.1%) 3597 (56.9%)

Has a Regular Doctor¥

  Yes 12,919 (44.2%) 16,335 (55.8%)  < 0.0001

  No 429 (20.4%) 1671 (79.6%)

Influenza complication risk factors

  Any Risk Factor€ 9390 (55.4%) 7554 (44.6%)  < 0.0001

  Anemia 1051 (62.0%) 645 (38.0%)  < 0.0001

  Arrhythmia 902 (73.6%) 324 (26.4%)  < 0.0001

  Asthma 2091 (45.2%) 2531 (54.8%)  < 0.0001

  Cancer 1580 (68.8%) 718 (31.2%)  < 0.0001

  Cardiovascular Disease (Arrhythmia/HTN/IHD/
MI/Stroke)

2520 (70.4%) 1060 (29.6%)  < 0.0001

  Chronic Kidney Disease 569 (75.6%) 184 (24.4%)  < 0.0001

  Congestive Heart Failure 658 (76.8%) 199 (23.2%)  < 0.0001

  COPD 2142 (65.0%) 1151 (35.0%)  < 0.0001

  Dementia 207 (78.4%) 57 (21.6%)  < 0.0001

  Diabetes 2640 (66.5%) 1327 (33.5%)  < 0.0001

  Frail 132 (75.4%) 43 (24.6%)  < 0.0001

  Hypertension 6580 (65.0%) 3542 (35.0%)  < 0.0001

  Immunocompromised 370 (75.5%) 120 (24.5%)  < 0.0001

  Ischemic heart disease 1643 (71.2%) 665 (28.8%)  < 0.0001

  Myocardial Infarction 722 (70.5%) 302 (29.5%)  < 0.0001

  Stroke 403 (69.4%) 178 (30.6%)  < 0.0001
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August of each survey cycle did not substantially alter 
the results (Appendix  4). Lastly, excluding billings in 
month 12 resulted in similar performance measures, 
with the largest change being a 3.4% decline in sensitivity 
(Appendix 4).

Discussion
In this validation study that used CCHS responses as 
the reference standard, the combination of physician 
and pharmacist billing claims had moderate sensitiv-
ity (60.1%) and high specificity (98.5%) for correctly 
classifying respondents’ vaccination status in Ontario. 
These data correctly identified vaccinated respond-
ents an estimated 96.7% of the time (PPV) and unvacci-
nated respondents 76.9% of the time (NPV). Sensitivity 
increased from the 2013 survey to the 2014 survey and 
was highest among older respondents and those who 
reported having a regular medical doctor.

The administrative databases did not capture all vac-
cinated Ontario residents, resulting in a sensitivity esti-
mate of 60.1%. This could be because many residents 
had received influenza vaccines in settings outside of 
physician offices or pharmacies, such as universities, 
workplaces, or public health clinics, which do not report 
vaccination data to administrative databases, as they do 
not bill the Ministry of Health directly for vaccinations. 
In some cases, a billing claim may not have been sub-
mitted by a physician or pharmacist (e.g., forgetting to 
bill) or received by the Ministry of Health (e.g., techni-
cal issues). Nonetheless, most Ontario respondents were 
likely captured in our sample, as pharmacies and physi-
cian offices are the most common locations for receiv-
ing influenza vaccines in the province [15]. As such, our 
findings suggest that administrative databases can still 
provide a valuable measure of influenza vaccination in 
Ontario.

Combining physician and pharmacy billing claims 
appears to have increased the validity of measured influ-
enza vaccination status. In addition to the increased 
sensitivity from 2013 to 2014 observed in this study, sen-
sitivity improved by 10.3 percentage points compared 
to Schwartz et  al.’s study. [12] Specificity increased by 
2.8 percentage points, while PPV and NPV improved 
by 8.3 and 2.4 percentage points, respectively [12]. This 
improvement in validity might reflect the increased 
utilization of pharmacies as preferred places for influ-
enza vaccination, a pattern that has likely become even 
more common in recent years. Canada’s Seasonal Influ-
enza Vaccination Coverage Survey suggests that the 

increased utilization of pharmacies as a vaccination site 
was not merely at the expense of physician offices; rather, 
it mainly came at the expense of other places like work-
places, temporary vaccine clinics, community health 
centres, hospitals, or retirement residences [15]. In fact, 
the majority of respondents to the Seasonal Influenza 
Vaccination Coverage Survey reported that they received 
their vaccine in pharmacies (52%) or doctor’s offices 
(17%), other places such as; temporary vaccine clinics, 
community health centres, workplace, hospitals, retire-
ment residence, or other places (13%) [15]. This could be 
due in part to the policy change and also the accessibil-
ity of pharmacies [36]. As such, combining physician and 
pharmacy claims improved the accuracy of administra-
tive databases in capturing influenza vaccination status 
within the Ontario population, enhancing their utility for 
vaccine effectiveness studies.

In the absence of vaccination registries, administrative 
data offer a valid alternative for tracking immunization 
status, making them valuable for epidemiological stud-
ies. These datasets, derived from physician and pharmacy 
billing claims, are directly tied to healthcare encounters, 
providing objective evidence of vaccinations received 
within formal healthcare settings [37]. Although admin-
istrative data may miss vaccinations administered out-
side of physician offices or pharmacies, they cover large 
populations comprehensively and enable researchers to 
conduct population-level analyses. This makes adminis-
trative data a critical tool for understanding vaccination 
trends, evaluating coverage rates, measuring vaccine 
effectiveness, and informing public health policies when 
centralized vaccination registries are unavailable.

The relatively higher sensitivity among certain groups 
within our sample, including older respondents, those 
with a regular medical doctor, and those with comorbidi-
ties, implies that these groups are more likely to receive 
influenza vaccines from their physicians and pharmacists 
than from other providers [15, 37]. Researchers assess-
ing vaccine effectiveness should be aware of this variation 
in validity estimates when evaluating vaccine effective-
ness among different population subgroups. Younger 
respondents and those without a regular medical doc-
tor may be more likely to receive their vaccination from 
other places not captured by administrative databases 
such as workplaces or public health clinics. Further, 
these findings have important implications for studies 
using administrative data to measure influenza vaccina-
tion coverage or vaccine effectiveness. Specifically, rely-
ing solely on claims data may underestimate true vaccine 

€ Anemia, Arrhythmia, Asthma, Cancer, Cardiovascular Disease (Arrhythmia/Hypertension/Ischemic heart disease, Myocardial Infarction, Stroke), Chronic Kidney 
Disease, Congestive Heart Failure, COPD, Dementia, Diabetes, Frail, Hypertension, Immunocompromised, Ischemic heart disease, Myocardial Infarction, Stroke

Table 1  (continued)
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Table 2  Performance measures of administrative data (Ontario Health Insurance Program + Ontario Drug Benefit Program) in 
identifying influenza vaccination status, using the Canadian Community Health Survey as reference standard, stratified by respondent 
characteristics

Characteristics True Positive False Positive True Negative False 
Negative

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Total (n = 31,390)
Total Vaccinated 
in CCHS = 13,358 
(43%)

8034 274 17,758 5324 60.1%
(59.3%−61.0%)

98.5%
(98.3%−98.7%)

96.7%
(96.3%−97.1%)

76.9%
(76.4%−77.5%)

Canadian Community Health Survey Year

  2013 (n = 
16,229)
Total Vaccinated 
in CCHS = 6,625 
(41%)

3795 146 9458 2830 57.3% 
(56.1%−58.5%)

98.5% 
(98.2%−98.7%)

96.3% 
(95.7%−96.9%)

77.0% 
(76.2%−77.7%)

  2014 (n = 
15,161)
Total Vacci-
nated in CCHS 
= 6,733(44%)

4239 128 8300 2494 63.0% 
(61.8%−64.1%)

98.5% 
(98.2%−98.7%)

97.1% 
(96.5%−97.6%)

76.9% 
(76.1%−77.7%)

Sex

  Female (n = 
17,267)
Total Vaccinated 
in CCHS = 7,824 
(45%)

4728 143 9300 3096 60.4%
(59.3%−61.5%)

98.5% 
(98.2%−98.7%)

97.1% 
(96.6%−97.5%)

75.0% 
(74.3%−75.8%)

  Male (n = 
14,123)
Total Vaccinated 
in CCHS = 5,534 
(39%)

3306 131 8458 2228 59.7% 
(58.4%−61.0%)

98.5% 
(98.2%−98.7%)

96.2% 
(95.5%−96.8%)

79.2% 
(78.4%−79.9%)

Age group

  12–17 (n = 
2,486)) Total Vac-
cinated in CCHS 
= 694 (28%)

224 31 1761 470 32.3% 
(28.8%−35.9%)

98.3% 
(97.6%−98.8%)

87.8% 
(83.2%−91.6%)

78.9% 
(77.2%−80.6%)

  18–49 (n = 
11,405)) Total 
Vaccinated 
in CCHS = 2,595 
(23%)

1121 78 8732 1474 43.2% 
(41.3%−45.1%)

99.1% 
(98.9%−99.3%)

93.5% 
(92.0%−94.8%)

85.6% 
(84.9%−86.2%)

  50–64 (n = 
8,384)) Total Vac-
cinated in CCHS 
= 3,559 (42%)

1959 68 4757 1600 55.0% 
(53.4%−56.7%)

98.6% 
(98.2%−98.9%)

96.7% 
(95.8%−97.4%)

74.8% 
(73.7%−75.9%)

  < 65 (n = 
22,275)
Total Vaccinated 
in CCHS = 6,848 
(31%)

3304 177 15,250 3544 48.3% 
(47.1%−49.4%)

98.9% 
(98.7%−99.0%)

94.9% 
(94.1%−95.6%)

81.1% 
(80.6%−81.7%)

  65 + (n = 
9,115)
Total Vaccinated 
in CCHS = 6,510 
(71%)

4730 97 2508 1780 72.7% 
(71.6%−73.7%)

96.3% 
(95.5%−97.0%)

98.0% 
(97.6%−98.4%)

58.5% 
(57.0%−60.0%)

Residence

  Urban area 
of residence (n 
= 24,708)
Total Vaccinated 
in CCHS = 10,503 
(43%)

6435 236 13,969 4068 61.3% 
(60.3%−62.2%)

98.3% 
(98.1%−98.5%)

96.5% 
(97.0%−96.9%)

77.5% 
(76.8%−78.1%)
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Table 2  (continued)

Characteristics True Positive False Positive True Negative False 
Negative

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

  Rural area 
of residence (n 
= 6,661)
Total Vacci-
nated in CCHS 
= 2,851(43%)

1598 38 3772 1253 56.1% 
(54.2%−57.9%)

99.0% 
(98.6%−99.3%)

97.7% 
(96.8%−98.4%)

75.1% 
(73.8%−76.3%)

Has a Regular Doctor

  Yes (n 
= 29,254)
Total Vaccinated 
in CCHS = 12,919 
(44%)

7894 262 16,073 5025 61.1% 
(60.3%−62.0%)

98.4% 
(98.2%−98.6%)

96.8% 
(96.4%−97.2%)

76.2% 
(75.6%−76.8%)

  No (n = 2,100)
Total Vaccinated 
in CCHS = 429 
(20%)

137 12 1659 292 31.9% 
(27.5%−36.6%)

99.3% 
(98.8%−99.6%)

92.0% 
(86.4%−95.8%)

85.0% 
(83.4%−86.6%)

Risk factors (comorbidities) for influenza complication

  No Risk Factor 
(n = 14,446)
Total Vaccinated 
in CCHS = 3,968 
(27%)

1852 107 10,371 2116 46.7% 
(45.1%−48.2%)

99.0% 
(98.8%−99.2%)

94.5% 
(93.4%−95.5%)

83.1% 
(82.4%−83.7%)

  Any Risk Fac-
tor (n = 16,944)
Total Vaccinated 
in CCHS = 9,390 
(55%)

6182 167 7387 3208 65.8% 
(64.9%−66.8%)

97.8% 
(97.4%−98.1%)

97.4% 
(97.0%−97.8%)

69.7% 
(68.8%−70.6%)

  Anemia (n 
= 1,696)
Total Vaccinated 
in CCHS = 1,051 
(62%)

719 17 628 332 68.4% 
(65.5%−71.2%)

97.4% 
(95.8%−98.5%)

97.7% 
(96.3%−98.7%)

65.4% 
(62.3%−68.4%)

  Arrhythmia (n 
= 1,226)
Total Vaccinated 
in CCHS = 902 
(74%)

637 9 315 265 70.6% 
(67.5%−73.6%)

97.2% 
(94.8%−98.7%)

98.6% 
(97.4%−99.4%)

54.3% 
(50.2%−58.4%)

  Asthma (n 
= 4,622)
Total Vaccinated 
in CCHS = 2,091 
(45%)

1271 52 2479 820 60.8% 
(58.7%−62.9%)

98.0% 
(97.3%−98.5%)

96.1% 
(94.9%−97.1%)

75.1% 
(73.6%−76.6%)

  Cancer (n 
= 2,298)
Total Vaccinated 
in CCHS = 1,580 
(69%)

1112 21 697 468 70.4% 
(68.1%−72.6%)

97.1% 
(95.6%−98.2%)

98.2% 
(97.2%−98.9%)

59.8% 
(57.0%−62.7%)

  Cardiovas-
cular Disease: 
Arrhythmia/
HTN/IHD/
MI/Stroke (n 
= 3,580)
Total Vaccinated 
in CCHS = 2,520 
(70%)

1761 30 1030 759 69.9% 
(68.1%−71.7%)

97.2% 
(96.0%−98.1%)

98.3% 
(97.6%−98.9%)

57.6% 
(55.3%−59.9%)

  COPD (n 
= 3,293)
Total Vaccinated 
in CCHS = 2,142 
(65%)

1470 27 1124 672 68.6% 
(66.6%−70.6%)

97.7% 
(96.6%−98.5%)

98.2% 
(97.4%−98.8%)

62.6% 
(60.3%−64.8%)
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coverage, and misclassification of vaccinated individuals 
as unvaccinated could bias vaccine effectiveness esti-
mates towards the null in the absence of other biases. 
Integrating multiple data sources may help mitigate these 
limitations and improve the accuracy of vaccination sta-
tus ascertainment.

Strengths and limitations
This study is the first to rigorously assess the validity 
of using administrative databases that combine both 
physician and pharmacy claims to determine individual 
vaccination status in Ontario. Still, several limitations 
should be noted. First, while 77.5% of CCHS respond-
ents consented to data linkage, it is uncertain if there 
are differences between those who consented and those 
who refused to have their data linked [38]. However, 
the proportion vaccinated for all CCHS respondents 
was comparable to that of respondents who consented 
to linkage in our sample (42.6% vs. 41.4%, respectively). 
Additionally, 93.1% of all CCHS respondents indicated 
having a regular medical doctor, which was comparable 

with that found in this study (93.2%). These findings, 
though based on only two variables, suggest minimal 
differences between those who consented to data link-
age and those who did not. Second, the CCHS data, 
relying on self-report, likely also suffer from recall or 
social desirability bias. Only 0.87% of the total study 
population who reported being unvaccinated in the 
CCHS were identified as vaccinated in the administra-
tive databases. On the other hand, social desirability 
bias might explain some instances in which vaccination 
is self-reported in survey data but not found in admin-
istrative databases. Further, while many questions in 
the CCHS have been validated and shown to be reli-
able, it is important to note that the question regard-
ing vaccination status has never been validated against 
an official registry. This is particularly relevant because 
there is no centralized registry specifically for influ-
enza vaccinations in Ontario. As such, while the CCHS 
data on influenza vaccination status is widely used, we 
acknowledge that it may not fully capture the accuracy 
of influenza vaccination status compared to an official 

Table 2  (continued)

Characteristics True Positive False Positive True Negative False 
Negative

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

  Dementia (n 
= 264)
Total Vaccinated 
in CCHS = 207 
(78%)

146 10 47 61 70.5% 
(63.8%−76.7%)

82.5% 
(70.1%−91.3%)

93.6% 
(88.5%−96.9%)

43.5% 
(34.0%−53.4%)

  Hypertension 
(n = 10,122)
Total Vaccinated 
in CCHS = 6,580 
(65%)

4566 99 3443 2014 69.4% 
(68.3%−70.5%)

97.2% 
(96.6%−97.7%)

97.9% 
(97.4%−98.3%)

63.1% 
(61.8%−64.4%)

  Immunocom-
promised (n 
= 490)
Total Vaccinated 
in CCHS = 370 
(76%)

274 6 114 96 74.1% 
(69.3%−78.5%)

95.0% 
(89.4%−98.1%)

97.9% 
(95.4%−99.2%)

54.3% 
(47.3%−61.2%)

  Ischemic 
heart disease (n 
= 2,308)
Total Vaccinated 
in CCHS = 1,643 
(71%)

1147 19 646 496 69.8% 
(67.5%−72.0%)

97.1% 
(95.6%−98.3%)

98.37% 
(97.5%−99.0%)

56.6% 
(53.6%−59.5%)

  Myocardial 
Infarction (n 
= 1,024)
Total Vaccinated 
in CCHS = 722 
(71%)

510 8 294 212 70.6% 
(67.2%−73.9%)

97.4% 
(94.9%−98.9%)

98.5% 
(97.0%−99.3%)

58.1% 
(53.7%−62.4%)

  Stroke (n 
= 581)
Total Vaccinated 
in CCHS = 403 
(69%)

287 6 172 116 71.2% 
(66.5%−75.6%)

96.6% 
(92.8%−98.8%)

98.0% 
(95.6%−99.2%)

59.7% 
(53.8%−65.4%)
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registry. Finally, at the time the study was conducted, 
the most recent available linked CCHS interviews were 
cycles 2013 and 2014, just two years after pharmacist 
influenza vaccine administration was permitted in 
Ontario (October, 2012). A clear trend is not discern-
able from only two time points. However, the sensi-
tivity in 2014 was observed to be higher than 2013, 
suggesting an improvement in performance measures 
for detecting influenza vaccination status in admin-
istrative databases. Further research is required for a 
more recent update on the validity of administrative 
databases in measuring influenza vaccination status.

Conclusion
This study suggests that, after Ontario’s policy change to 
allow influenza vaccines to be administered at pharma-
cies, administrative billing data that combine pharmacy 
and physician billing records are valid for measuring 
influenza vaccination status. The results of this valida-
tion study offer crucial insights into the utility of health 
administrative physician and pharmacy billing claims for 
determining influenza vaccination status, underscoring 
the importance of having accurate estimates for a variety 
of purposes, including surveillance, public health inter-
ventions, and investigations of vaccine effectiveness.
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