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Abstract

Although clinical trials are necessary for vaccine approval, observational epidemiology will be required to evaluate the long-term
effectiveness, safety, and population impacts of newly approved COVID-19 vaccines under real-world field conditions. In this
commentary, I argue that a hybrid approach that combines new data sources and tools, including COVID-19 vaccine registries,
with traditional epidemiological methods will be needed to evaluate COVID-19 vaccines using observational epidemiology.
Wherever possible, primary data collection, active surveillance, and linkage with existing population-based cohorts should be
leveraged to supplement secondary data sources and passive surveillance systems. Evidence-informed public health decision
making around provincial COVID-19 immunization programs will need to account for potential biases, incomplete or conflicting
information, and heterogeneity across subpopulations.

Résumé

Des essais cliniques sont nécessaires a I’approbation des vaccins, mais il faudra recourir a I’épidémiologie d’observation pour évaluer
en conditions réelles de terrain I’efficacité a long terme, I’innocuité et les effets sur les populations des vaccins contre la COVID-19
nouvellement approuvés. Dans ce commentaire, je fais valoir qu’il faudra adopter une démarche hybride combinant de nouvelles
sources de données et de nouveaux outils, dont les registres de vaccins anti-COVID-19, et des méthodes épidémiologiques classiques
pour évaluer les vaccins anti-COVID-19 a I’aide de I’épidémiologie d’observation. Dans la mesure du possible, il faudra utiliser la
collecte de données primaires, la surveillance active et les maillages avec les cohortes populationnelles existantes pour compléter les
sources de données secondaires et les systémes de surveillance passive. Les décisions de santé publique éclairées par les données
probantes sur les programmes d’immunisation provinciaux contre la COVID-19 devront tenir compte des biais possibles, des
informations incomplétes ou contradictoires et de I’hétérogénéité des sous-populations.
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Introduction an unprecedented pace. As of May 2021, Health Canada has
authorized four COVID-19 vaccines under its interim order,
Development of vaccines against SARS-CoV-2, the virus that ~ with two other vaccines under review at the time of writing
causes coronavirus disease 2019 (COVID-19), has occurred at (Health Canada 2021). Based on early trial results, these vac-
cines are up to 95% efficacious against symptomatic infection
(Baden et al. 2020; Polack et al. 2020; Sadoff et al. 2021;
4 Catharine Chambers Voysey et al. 2021). Nevertheless, as with all newly approved
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world, field conditions (Hanquet et al. 2013). Although prom-
ising, early COVID-19 vaccine trials were underpowered to
assess efficacy in certain subgroups or against asymptomatic
transmission or severe outcomes such as hospitalization or
death. Furthermore, as these trials were rapidly implemented
in response to an emerging public health crisis, they were not
designed to assess long-term efficacy. Finally, given wide-
spread vaccine eligibility for adult age groups in many juris-
dictions, including Canada, it has become unethical for many
trials to continue without unblinding participants or to initiate
new placebo-controlled trials (Polack et al. 2020; Singh and
Upshur 2020).

Post-licensure evaluation will be required to understand
how these vaccines work in specific populations (e.g., preg-
nant women, immunocompromised hosts, children), under
certain scenarios (e.g., single-dose regimens, extended dose
intervals), and in different settings (e.g., long-term care facil-
ities). These types of evaluations will be critical as COVID-19
vaccines are being immediately rolled out in the population,
and also to assess vaccine effectiveness over the long term,
including the potential need for booster doses as new SARS-
CoV-2 variants emerge. From a public health perspective,
understanding the pragmatic effectiveness of COVID-19 vac-
cines and their real-world impacts—along with monitoring for
rare adverse events on a population scale, such as the vaccine-
induced thrombotic thrombocytopenia associated with viral
vector-based vaccines—will be equally as important as know-
ing their clinical efficacy and safety in time-limited, controlled
settings (Hanquet et al. 2013). In this commentary, I discuss
the strengths and limitations of existing public health informa-
tion systems and how emerging data sources and tools will be
needed to evaluate COVID-19 immunization programs in
Canada.

Using observational epidemiology for vaccine
field evaluation

While randomized clinical trials measure vaccine efficacy
against well-defined endpoints under ideal settings, observa-
tional studies measure vaccine effectiveness under real-life
field conditions (Crowcroft and Klein 2018). Orenstein et al.
(1988) outline four aspects of post-licensure vaccine evalua-
tion using observational studies: (1) standardized case defini-
tions, preferably using laboratory-confirmed outcomes; (2)
equal case finding; (3) accurate vaccination status ascertain-
ment; and (4) comparable exposure groups. Traditional obser-
vational study designs include cohort and case-control studies,
and also newer approaches such as the test-negative design, a
modified case-control study whereby vaccination status is
compared between test-positive cases and test-negative con-
trols that meet a prespecified clinical presentation (Crowcroft
and Klein 2018; Hanquet et al. 2013). This design has been
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used extensively in the evaluation of seasonal influenza vac-
cine (Chua et al. 2020), but may pose methodological chal-
lenges for severe COVID-19 infections (Patel et al. 2020).

As with all observational studies, post-licensure evalua-
tions must strive to minimize potential sources of bias associ-
ated with selection of participants, misclassification of expo-
sure or outcome, and confounding. Because vaccination is not
randomly allocated by design, there is greater potential for
confounding due to imbalance in measured covariates be-
tween exposure groups. Multivariable regression adjustment,
propensity score models, and instrumental variable analysis
are potential techniques that can be used to address confound-
ing, but these require access to a sufficient set of covariates
that are measured without error and/or availability of appro-
priate instruments.

Limitations of existing data sources
for COVID-19 vaccine evaluation

The COVID-19 pandemic has exposed multiple weaknesses
in our public health data infrastructure resulting from decades
of underfunding. These include gaps in surveillance of high-
risk settings such as long-term care facilities, absence of data
on racialized and low socio-economic communities, and reli-
ance on manual data entry and outdated ways to transmit
personal health information. Despite notifiable disease regu-
lations, passive surveillance systems will invariably miss
COVID-19 cases. Indeed, serological evidence suggests that
only about one in every eight or nine COVID-19 cases are
captured in official case counts in Europe and the Americas
(Chen et al. 2021). It is not always feasible or cost-efficient to
test all probable cases, even during a global pandemic, and
national and provincial case definitions include provision for
clinical or epidemiologically linked cases. For those that are
laboratory confirmed, current testing algorithms only capture
individuals who can access COVID-19 assessment centres
and will systematically underreport mild or asymptomatic
cases that do not seck testing. As a result, surveillance data
are typically skewed toward those with a higher pre-test like-
lihood of positivity, particularly in the early stages of the pan-
demic when testing was more limited. At the same time, they
will overrepresent cases in certain demographic groups, such
as essential workers or those living in congregate settings who
are undergoing routine testing.

Similarly, administrative healthcare data are limited in their
ability to evaluate immunization programs. In recent years,
public health has moved away from traditional epidemiolog-
ical methods (e.g., primary data collection, active case find-
ing) toward using existing administrative data sources and
electronic medical records. These secondary data were origi-
nally collected for insurance billing, healthcare, and health
system management, not research purposes. They are often
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missing data on key variables, such as symptom history or
onset dates, that are required to standardize testing indications
and minimize outcome misclassification. More often, these
analyses rely on proxy or composite measures that cannot
always be validated against external sources for completeness
and accuracy. Although new ICD-10-CA diagnostic codes for
COVID-19-related healthcare encounters have been recently
added, these may not capture the full clinical spectrum, for
example, “long COVID-19” or multisystem inflammatory
syndrome in children, or those who do not access the
healthcare system. There are often delays in accessing data,
which may limit their potential to inform real-time decision
making; however, some datasets have been made available
more frequently since the COVID-19 pandemic.

One of the biggest challenges facing COVID-19 vaccine
program evaluation in Canada is the absence of a national
vaccine registry for adult immunizations (Crowcroft and
Levy-Bruhl 2017). These registries must be population-wide
in scale and large enough in scope to capture sufficient detail
(e.g., vaccine type, lot number, number of doses, dates of
immunization). They should also be routinely linked to noti-
fiable diseases and other public health information systems to
enable vaccine effectiveness evaluation and adverse event
monitoring. Although some provinces have recently intro-
duced surveillance systems to collect data on routine child-
hood immunizations (Wilson et al. 2017a), these systems will
require major investment and expansion for COVID-19.
Administrative billing data for certain vaccines exist in some
provinces (and are anticipated for COVID-19 vaccines), but in
others may only capture immunizations administered in cer-
tain settings (e.g., physicians’ offices). There is some progress
being made where more complete immunization registries ex-
ist, but data quality issues persist, and methods for assessing
immunization coverage are not standardized across provinces
(Wilson et al. 2017a; Wilson et al. 2017b).

Leveraging existing data and the need
for new data sources and analytic tools

Canadian researchers now have unparalleled access to
population-based administrative data that combine various
sources of health and health services data. The main advan-
tage is their size and scope, allowing for the potential evalua-
tion of rare outcomes or comparisons of specific exposures
over the entire population. For example, administrative data
from Alberta were used to compare live-attenuated and
inactivated influenza vaccines in children following reports
of reduced effectiveness against the A(HIN1)pdm09 compo-
nent (Buchan et al. 2018). Similarly, public health information
systems matched to administrative data held at ICES in
Ontario were used to evaluate waning immunity from the
acellular pertussis vaccine (Crowcroft et al. 2019).

Given the expected scale of COVID-19 vaccine rollout and
multiple vaccine products, the creation of new data systems or
reconfiguration of existing ones to serve as comprehensive,
linked public health information systems will be critical.
Wherever possible, researchers should leverage existing
population-based cohorts that are already collecting detailed
demographic, socio-behavioural, and/or clinical variables, as
these data are often not routinely available from administrative
records. Active surveillance of cohort members for potential
exposures and COVID-19-related symptoms along with bio-
logical specimen collection to detect incident or past infec-
tions should also be considered. Through data linkage, these
studies can be used to fill in the gaps of our existing data
platforms and passive surveillance systems. These linkages
will enable identification of risk groups and prioritization of
targeted interventions like immunizations, along with sub-
group analyses and confounder adjustment to minimize biases
associated with observational study designs.

Alongside these new data sources are novel analytical
methods, such as regression discontinuity and difference-in-
difference approaches, prominent in economics and other
fields. These quasi-experimental methods have been used,
for example, to evaluate the implementation of school-based
programs for human papillomavirus vaccine (Smith et al.
2015) or the impact of pneumococcal vaccination on pneumo-
nia hospitalizations in Ontario (Luca et al. 2018). Machine
learning algorithms and “big data” will likely also play a role,
particularly for electronic health records and genomics.
However, as with secondary data, these newer approaches
must be validated to ensure construct validity and reliability
and minimize the risk of measurement error, selection bias,
and other researcher-introduced biases.

Conclusion

To move the field of vaccine evaluation forward using obser-
vational epidemiology, a hybrid approach is needed that inte-
grates these new data sources and tools with traditional epide-
miological approaches. We must embrace new data sources
and the advantages they offer with respect to data availability
and computational power. We must utilize new tools and
methodologies to improve automation, data linkage, and
knowledge transfer. However, in doing so, we must appropri-
ately acknowledge their limitations and carefully consider
their potential biases. Part of the way forward will require a
return to traditional epidemiological methods and the princi-
ples of field evaluation (Orenstein et al. 1988), for example,
employing active surveillance methods or linking cohort stud-
ies to administrative data. Our governments and funding agen-
cies must also continue to invest in primary data collection and
longitudinal research. Ultimately, integrating the principles of
epidemiology that emphasize minimizing bias through
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thoughtful study design and careful measurement with new
data sources and tools will improve evidence-informed deci-
sion making for our COVID-19 immunization programs.
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