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Abstract

Background: Canadian notifiable disease surveillance provides data on the in-
cidence of communicable diseases, dating back to the late 19th century. The Public
Health Agency of Canada offers summaries of these data (from 1924–2022) through
an online portal. These summaries provide historical context for Canadian health
researchers, but lack information on intra-annual and inter-provincial patterns. Sub-
annual and sub-national data can be found in published documents, or requested from
archives of government agencies, but are only available in typewritten or handwrit-
ten hard copies. We digitized and collated these data sources to create a resource for
epidemiology and public health.

Methods: We manually entered data from scans of hard copies into spread-
sheets resembling the originals, facilitating accurate transcription through easier cross-
checking. We developed open-source pipelines to harmonize these spreadsheets into
CSV files that blend data across sources.

Results: We assembled and processed 1,631,380 incidence values from 1903–2021.
Focusing on sub-annual and sub-national data and removing redundancy yielded 934,009
weekly, monthly, or quarterly incidence values broken down by province/territory, con-
taining 139 diseases. We give two examples of sub-annual and sub-national patterns:
strong annual cycles of poliomyelitis that peaked simultaneously across provinces, and
spatially heterogeneous resurgence of whooping cough in the 1990s.

Interpretation: Canada’s history of infectious disease surveillance has produced a
detailed record of sub-annual and sub-national disease incidence patterns that remains
largely unexplored. This important record is now available as the Canadian Disease
Incidence Dataset (CANDID), hosted on a publicly accessible website along with the
pipelines used to create it and scans of the original sources.
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1 Introduction
Learning from data on past communicable disease outbreaks and epidemics is an important
component of public health planning [1]. 2024 marks the 100th anniversary since the Cana-
dian federal government began collecting such data through notifiable disease surveillance
programmes [2]. Several provinces conducted surveillance before 1924, including Ontario,
going back at least as far as 1903. The Public Health Agency of Canada (PHAC) provides
summaries of these data as annual and national totals from 1924–2022 through an online
portal (https://diseases.canada.ca/notifiable). These annual and national data are
useful for understanding broad trends, but provide no information on seasonal patterns of
incidence within years or on spatial patterns across provinces. For example, annual data
cannot be used to estimate the timing and shape of an outbreak curve, and national data
cannot be used to assess whether provinces displayed different patterns of spread in the
vaccine era.

The national notification system has at times published more informative weekly inci-
dence data, broken down by disease and province/territory, but these data are not available
through the portal. It has generally been prohibitively challenging for researchers to find and
access these sub-annual and sub-national data. Still, a great deal of this historical surveil-
lance information can be found in government publications (either as hard copy reference
material or on-line), as well as by directly contacting government agencies. Here, we in-
troduce CANDID (Canadian Disease Incidence Dataset), a curated dataset that integrates
and cleans these sources to create a comprehensive and accessible digital record of Canadian
notifiable disease incidence.

These CANDID data have the potential to drive many studies by the broader research
community. Our goal here is to announce their existence on a publicly available web site
(Appendix A.2) and illustrate their value. Two examples illustrate the advantages of the sub-
annual and sub-national data provided by CANDID. First, we describe how poliomyelitis
incidence was strongly and consistently seasonal from 1933 to 1963, and that the yearly
peaks were synchronous across provinces. Second, the well-studied apparent resurgence of
whooping cough in the 1990s showed significant regional variation. While the territories,
prairie provinces, and Québec experienced clear increases in incidence, this pattern was not
evident in British Columbia, Ontario, and the Atlantic region. We use a simple graphical
approach in these examples, illustrating how these data can inform fundamental questions in
epidemiology. Formal statistical analyses that dig deeper into specific questions will follow
in subsequent publications.

2 Methods

2.1 Data sources
We began searching for published and unpublished Canadian historical infectious disease no-
tification data in 2000. We focused on sub-annual and sub-national data collected through
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the surveillance programs described in Appendix A.1, particularly incidence over entire
provinces and territories, since finer spatial resolution data were rare. We compiled provincial
and territorial population data [3–5] to compute comparable incidence rates. We acquired
data in any of three formats: (1) paper hard copies, (2) digitally produced PDF files, or (3)
spreadsheets (including CSV files). We scanned all of the hard copies. We found that Opti-
cal Character Recognition (OCR) was unable to convert scans into digital spreadsheets with
sufficient accuracy, and so we entered the data manually (§2.2). We used PDF extraction
tools [6] to avoid manual entry of digitally-produced PDF pages.

2.2 Data entry
We manually entered the information in scans into replica Excel spreadsheets (i.e., digital
spreadsheets in which the layout of each spreadsheet matches the original), to facilitate
comparing reproductions with their sources (Figure 1). The Ontario Ministry of Health data
were only partially entered as replicas, as they predate our systematic effort and are the sole
exception. Reading scans and interpreting handwritten sources (e.g., Figure 2) was often
a slow, and occasionally error-prone, process. We took an iterative approach to resolving
unclear numbers by guessing and then refining our guesses if necessary when quality checks
(§2.5) revealed discrepancies. Scripted data preparation pipelines (§2.3) facilitated updates
during this process. Where available in these sources, we also entered reported annual and
national data to facilitate quality control (§2.5).

2.3 Data preparation
We developed open-source [7] pipelines that convert replica spreadsheets (Figure 1) into
CSV files, using common variables to combine data from different sources (details in Ap-
pendix A.3). The focal variable is the number of new cases of a specific disease reported in
a specific location over a specific time period. CANDID consists of three CSV files, each
corresponding to a stage (Figure A6) in the data processing pipeline, ranging from a mini-
mally processed file offering maximum flexibility in data preparation to a heavily processed
file prioritizing convenience.

The unharmonized file preserves the raw, digitized data, giving researchers the free-
dom to apply their own data preparation methods. Descriptors in the unharmonized file use
original names (e.g., “infantile paralysis” for poliomyelitis before 1924) to minimize historical
information loss [8]. The harmonized file removes low quality data, aggregates some mu-
nicipal data to provincial levels, and adds harmonized location and disease descriptors that
simplify the combination of data from different sources (e.g., poliomyelitis whenever infantile
paralysis is reported). Harmonized CSV files are convenient for querying diseases, provinces,
and time periods, but they cannot be used directly for analysis due to overlapping incidence
values. In data science terms, the harmonized data are not normalized [9, 10]. For ex-
ample, the harmonized data include total polio incidence alongside separate values for polio
with and without paralysis (see Appendix A.3.3 for more examples). Such overlapping data
are useful for quality control (§2.5), but data analysis requires removing overlaps to prevent
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Figure 1: Example of a typewritten source document prepared using a typewriter. The top
panel shows a scan of part of this source document, and the bottom panel shows our replica
in Microsoft Excel of this same part.
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Figure 2a: Easy to read. Figure 2b: Difficult to read.

Figure 2: Examples of handwritten data. Most handwritten hard copies, such as the 1939
erysipelas and gonococcal data from the Ontario Ministry of Health (left), are easy to read.
Others, like the 1955 poliomyelitis data from Statistics Canada (right), are difficult to read,
posing challenges for digitization.
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double-counting cases. The normalized file does not contain overlapping incidence values,
enabling aggregation without double-counting. For convenience when computing incidence
rates, we joined provincial population sizes to the normalized data. All figures in this paper
are based on the normalized file. Researchers who wish to make different harmonization or
normalization choices can use the upstream files (see Appendix A.3.3 for details).

2.4 Data provenance
Each record can be traced back to the relevant original scan, replica spreadsheet, and/or
script used to produce it, using information in the CSV files (Appendix A.3.4). We follow
research data management practices by distributing DataCite [11] (version 4.3) metadata
with each dataset in the archive. These metadata will make it easier to deposit future
versions of CANDID into a research data repository, which we plan to do (§4.3).

2.5 Quality control
We compared sums of incidence values with marginal totals reported both in CANDID data
sources and in the PHAC portal [2]. Discrepancies suggest possible data-entry or scripting
errors. We investigated discrepancies and fixed those that appeared to be due to digitization
error. These investigations were simplified using our open data provenance tools (§2.4) and
digitized data source replicas (Figure 1). More detail is in Appendix A.4.

3 Results
As of December 2024 CANDID is based on 13 sources (Table 1). Appendix A.2 provides
information on how to access these 1,631,380 unharmonized, 1,186,827 harmonized, and
934,009 normalized incidence values.

Figure 3 lists the 139 diseases that appear in the normalized dataset, and highlights
the time periods in which weekly, monthly, or quarterly incidence data were found in each
location. The case numbers for many of these diseases are aggregated from 315 “sub-diseases”
(Appendix A.3.2), harmonizing 929 unique historical name variants. The stratification of
each disease into sub-diseases varied across sources (details in Appendix A.3.3).

3.1 Examples
3.1.1 Poliomyelitis cases peaked at the same time each year across all provinces

Poliomyelitis incidence displayed a strongly seasonal pattern (upper panel Figure 4), with the
peak occurring consistently between week 31 and 40 of each year between 1933 and 1963, after
which cycles disappeared. These annual cycles were synchronous across provinces, as each
province experienced peak incidence around the same time (provincial panels in Figure 4).
Detecting this pattern of spatial synchrony requires incidence data at both sub-annual and
sub-national scales.
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Years Provinces Frequency Organization Received As
1903-1939 Ontario monthly The Sanitary Journal Hard copy
1910, 1921-1927 Saskatchewan monthly Saskatchewan Bureau

of Public Health
Hard copy

1915-1925 Quebec monthly Quebec Ministry of
Health and Social
Services

Hard copy

1924-1955 All weekly,
monthly

Statistics Canada Hard copy (with
handwriting)

1930-1947 Ontario monthly Ontario Department
of Health

Hard copy

1939-1989 Ontario weekly Ontario Ministry of
Health

Hard copy (with
handwriting)

1956-1978 All weekly Statistics Canada Hard copy
1979-1989 All 4-weekly Statistics Canada Hard copy
1990-2001 All monthly,

quarterly
Health Canada Hard copy

1990-2021 Ontario weekly Public Health Ontario Spreadsheet
2001-2006 All quarterly Canada

Communicable
Disease Report

PDF

2004-2017 Manitoba monthly Public Health
Manitoba

PDF

2004-2019 Alberta weekly Alberta Health Spreadsheet

Table 1: Data sources. The Frequency column gives the shortest period over which incidence
counts were reported for all diseases and locations in the source (if not all disease-location
combinations have the shortest period, multiple frequencies are given). Sources that include
handwritten data are indicated in the Received As column.
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Figure 3a: Data availability for highly-reported diseases (top 47 by total reported cases). The
remaining diseases and the full figure caption are below.
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Figure 3b: Data availability for moderately-reported diseases (middle 47 by total reported cases).
The remaining rarely reported diseases and the full figure caption are below.
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Figure 3c: Data availability for rarely reported diseases (bottom 45 by total reported cases). The
full figure caption is below.
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Figure 3: Data availability of all diseases in the normalized dataset. The diseases are ranked
by the total number of cases (right panels), summed over all provinces for which data were
obtained. The diseases are ordered with the largest number of cases at the top. Each
incidence value, including zeros, is shown as a tiny coloured rectangle. The y-axis labels
identify the disease, while the rectangle’s length along the x-axis represents the temporal ex-
tent. Colours indicate time scale, with shorter periods in blue (short wavelength) and longer
periods in longer wavelengths. White spaces represent missing data (see Appendix A.3.1
for details on the varied reasons for missing data). The vertical position within each disease
denotes the province/territory, arranged roughly clockwise: NL-NS-PE-NB-QC-ON-MB-SK-
AB-BC-YT-NT-NU. Data from provincial sources (QC, ON, MB, SK, AB) during periods
where national sources (Table 1) are unavailable results in visually prominent horizontal
lines.

3.1.2 Regional differences in whooping cough incidence

Aggregating provincial whooping cough data to the national level (Figure 5) reveals a pattern
consistent with previous analyses that lacked provincial data [12]. One feature of this pattern
is an apparent resurgence of whooping cough in the 1990s (highlighted in Figure 5). We
find that this much discussed resurgence (e.g., [12]) was not uniformly expressed across
the country (Figure 5 bottom six panels), and is clearly apparent only in the territories,
the prairies, and Québec. Throughout the 1990s, yearly incidence peaked at 21 cases per
100, 000 in Ontario, but in the territories the peak was 293. The original study [12] did not
have the sub-national data required to explore these regional differences.

4 Interpretation

4.1 Brief summary
We digitized and collated sub-annual (weekly, monthly, quarterly) and sub-national (provin-
cial, territorial) Canadian communicable disease incidence counts from 13 sources (1903–
2021), covering 139 diseases and 315 sub-diseases. Two examples illustrate patterns de-
tectable only with such granular data: (1) annual poliomyelitis incidence cycles peaked con-
sistently across provinces and territories each year (Figure 4); (2) the resurgence of whooping
cough in the 1990s showed regional differences (Figure 5). The cleaned data, the processing
pipeline that produced them, scans of the original source documents, and Excel spread-
sheet replicas of those scans are all publicly available online, ensuring full transparency and
accessibility (Appendix A.2).

4.2 Explanation
CANDID complements existing Canadian notification data. The Public Health Agency of
Canada (PHAC) provides an online portal [2] (https://diseases.canada.ca/notifiable)
with annual, national incidence counts often used in retrospective analyses (e.g., [12, 14–
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Figure 4: Caption on next page.
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Figure 4: Weekly poliomyelitis incidence from 1933 to 1968 (square root scale). The vertical
lines do not indicate the start of each year but mark the week of peak national incidence
(top panel) in years with more than 20 cases. Provincial peaks closely align with these na-
tional peaks, indicating strong spatial synchrony. This pattern could not have been detected
with annual and national data. The introduction of two important vaccination programmes
are shown as blue vertical dashed lines. Methods for producing this plot are described in
Appendix A.5.

18]). However, these data lack the detail needed to study outbreak patterns, seasonality, or
geographic variation. Our sub-annual, sub-national data enable research on intra-annual and
inter-provincial patterns in Canada and facilitate comparisons with U.S. data [19]. While
Public Health Ontario provides online monthly data since 2012 [20], our archive includes
weekly Ontario data (1990–2021) and extends back before 1924, including Ontario (1903),
Saskatchewan (1910), and Québec (1915). By consolidating federal and provincial sources
into a standardized format, we simplify integration of new data, enabling researchers to focus
on analysis rather than curation.

Our project parallels Project Tycho [21], which curated weekly U.S. incidence data and
whose impact is summarized by [19]. Unlike Tycho, we open-sourced our data preparation
pipelines to enable community-driven quality improvements. These pipelines include scans
of original documents, spreadsheet replicas, and scripts to convert them into tidy CSV files.
To our knowledge, no other studies publish such replicas (Figure 1), which help identify and
correct data-entry errors. Our open-science approach enables researchers to trace incidence
counts back to original sources (Appendix A.3.4) and improve data quality over time.

4.3 Future directions
In this initial release of CANDID, we focused on sub-annual and sub-national disease inci-
dence, with plans to expand further. First, we will include data stratified by age, sex, and
municipality for available time ranges, provinces, and diseases. Second, we will extend the
dataset’s time range, disease coverage, and geographic detail as finer-scale or corrected data
become available. Third, we will curate population-level information useful for epidemio-
logical analyses, such as birth rates, mortality, vaccination, and school-term dates. Beyond
expansion, we will address open questions in Canadian infectious disease history. For exam-
ple, we will refine the regional stratification of whooping cough (Figure 5) to test existing
hypotheses [12] on its 1990s resurgence. Finally, we will explore AI-powered optical character
recognition, using our archive as a training dataset to enhance its efficiency and accuracy.

4.4 Limitations
Analyzing incidence data involves challenges in standardization and comparability. Com-
paring regional incidence patterns requires adjusting for under-reporting differences among
provinces. Complex, evolving sub-disease hierarchies further complicate interpretation (e.g.,
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Figure 5: Caption on next page.
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Figure 5: Regional [13] differences in average annual whooping cough incidence in Canada
over twelve decades (square root scale). The national data (top panel) are very similar
to the first figure in a review based on different data sources [12]. The red region (1990–
1999) highlights the first resurgence in national whooping cough incidence since widespread
vaccination began in 1943. This plot shows that not all regions peaked in the 1990s, a
pattern that could not have been detected with the national data used in the original study.
Methods for producing this plot are described in Appendix A.6.

the normalized dataset includes 37 meningitis sub-diseases, with 1–15 reported in any given
year; Figure A8 in Appendix A.3.3). Varying time scales for incidence measurement (e.g.,
weekly, monthly, quarterly; Figure 3) hinder the creation of evenly spaced time series.

Ideally, CANDID would provide weekly case counts for every notifiable [22] disease in all
provinces and territories. Historical gaps persist due to surveillance program changes (e.g.,
chickenpox was not notifiable from 1959–1985) and incomplete source coverage, particularly
outside Québec, Ontario, and Saskatchewan before 1924. Gaps range from missing weeks
(e.g., lost book pages) to data-entry errors, often from unclear handwritten records (§2.5).
We have addressed known discrepancies for our primary example diseases (whooping cough,
poliomyelitis). By releasing open data pipelines, we aim to establish a foundation for collec-
tive efforts to improve the comprehensiveness and quality of CANDID over time (details in
Appendix A.4).

4.5 Conclusion
More than a century of infectious disease surveillance in Canada has produced a valuable
record of epidemic patterns that has been largely unexploited, but can now be easily ac-
cessed. Comprehensive sub-annual and sub-national Canadian infectious disease incidence
data have previously been unavailable. Similar data from other countries have been critical
to establishing the foundations of epidemiological modelling and continue to push the field
forward (e.g., [23–27]).

CANDID will facilitate progress on public health research questions that require in-
formation on intra-annual and regional variation in incidence. In principle, it should be
straightforward to keep the archive up to date, but doing so will require the cooperation
of provincial and territorial public health agencies, which have released less data publicly
since strictly digital data collection began in the 1990s. We contacted all these agencies
but were able to obtain recent weekly data from only two provinces. We urge all Canadian
governments to require their public health agencies to release weekly, aggregated counts of
infectious disease notifications publicly as a matter of course as soon as possible.
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APPENDIX
A Methodological Details

A.1 Data Sources
Since 1924, the Dominion Bureau of Statistics, now Statistics Canada, has collected com-
municable disease incidence data.

The main objectives of this system are to provide a mechanism for monitoring the
health of the population by identifying and responding to changes in reporting
trends of specific diseases and to provide information that can contribute to the
development of health policy and the planning of care, prevention, and control
programs. [28]

This initiative persists today under the administration of the Public Health Agency of
Canada (PHAC), as the Canadian Notifiable Disease Surveillance System (CNDSS). Data
for the CNDSS are provided by provincial and territorial governments to monitor diseases
of public health concern [2]. Prior to the onset of this federal initiative in 1924, several
provinces were already collecting such data without reporting it to the federal government.

Our group’s search for historical Canadian infectious disease notification data began in
2000. Initially, we acquired handwritten weekly counts for Ontario, covering five decades
(1939–1989), from the Ontario Ministry of Health (Table 1). A significant breakthrough oc-
curred during a visit to the chief medical officer of health in Manitoba, where he discovered a
single page of notifications submitted to the Dominion Bureau of Statistics. We photocopied
this document and sent it to Statistics Canada, as it was the first evidence that the data
tables we were seeking existed.

In 2002 and later, we engaged in extensive communications with Statistics Canada via
telephone and email. As a result, they provided photocopies of handwritten weekly and
monthly notification spreadsheets from 1924–1955 that they had located in their archives.
At the time, our resources were insufficient to digitize and clean all of these data. However,
we did present analyses of a few disease time series in publications [29,30]. Additionally, we
located more published CNDSS data from 1956–2000 in the library collections of McGill Uni-
versity, McMaster University, and the University of Alberta. During this historical period,
the publication of data transitioned from weekly to monthly and eventually to quarterly.
Quarterly data up to 2007 are available online in the Canada Communicable Disease Report
(CCDR). Unfortunately, we were unable to find any sub-annual and sub-national data source
covering all provinces after 2007.

In 2021, we began reaching out to provincial and territorial public health agencies for
more recent data. Although we corresponded via email with all such agencies, only Public
Health Ontario and Alberta Health provided us with recent data. We were able to find some
other provincial data in publications and online.
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A.2 Data access
Download links to the datasets described in this paper, as well as others from our broader
Canadian historical epidemiological data digitization project, can be found at the following
web page:

https://github.com/canmod/iidda/blob/main/README.md

We have also written a small package for reading the data directly into R. An introduction
to this package can be found here:

https://canmod.github.io/iidda-tools/iidda.api/articles/Quickstart

A.3 Data preparation pipelines
Each data preparation pipeline followed one of the paths outlined in Figure A6. Data sources
were provided as hard copies, digitally produced PDF files, or digital spreadsheets. Digital
spreadsheets were particularly advantageous because they enabled us to directly script the
production of CSV files. When data were not in spreadsheet format, conversion was necessary
before scripting could begin. For digitally produced PDF files, we tried to use automated
tools like PDFTables (https://pdftables.com/) to convert them into spreadsheets. Hard
copies, however, always required scanning followed by manual data-entry into spreadsheets.
We were unable to find a viable optical character recognition (OCR) approach to avoid
manual data-entry. However, in the years since we began this systematic effort to digitize
Canadian incidence data there have been tremendous advances in artificial intelligence (AI),
and so this situation may have changed. In future work on digitization we plan to replicate
parts of this work using OCR, to test it as an efficiency tool in this area.

All CANDID preparation pipelines are available at:

https://github.com/canmod/iidda/tree/main/pipelines

The main scripts for producing each of the three datasets (unharmonized, harmonized, and
normalized) discussed in this article are available at:

https://github.com/canmod/iidda/tree/main/pipelines/canmod-compila
tions/prep-scripts

These scripts depend on outputs produced by other pipelines that generate data from specific
sources. Instructions on how to reproduce all of these outputs are provided in the README.md
file on this GitHub repository:

https://github.com/canmod/iidda
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Figure A6: Data preparation pipeline overview. All products begin with data sources (red),
which provide hard copies, digital spreadsheets, or digitally produced PDFs. Processing steps
are classified as manual (e.g., data-entry), automated (e.g., PDF table extraction tools), or
programmatic (e.g., customized R script).
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A.3.1 Preparing Unharmonized CSV Files

We developed one open-source R script for each spreadsheet that converts it into a tidy CSV
file [9]. These R scripts used the unpivotr package [31] to convert the wide-format data used
in historical documents to long-format data that make it easier to manipulate using standard
tools [9]. Long-format data also make it easier to combine data from different sources into
a single data set, by ensuring they each consist of fields from the same standardized data
dictionary. All of the resulting CSV files have been collected into a single file that we label
unharmonized because it contains unharmonized historical disease and place names.

These unharmonized data also include information on why certain incidence values are
not available, when we could determine the reason from the sources. In the column containing
numbers of cases, cases_this_period, we allowed the following types of values:

• Non-missing numeric case numbers (non-negative integers).

• One of the following strings explaining why the case numbers are missing1:

– The phrase ‘Not available’, for unknown reasons.
– The phrase ‘Not reported’, for unknown reasons.
– The phrase ‘Not reportable’, presumably indicating that the jurisdiction was

not required to report these numbers.
– The word ‘Missing’, typically indicating missing pages in the middle of a multi-

page table.
– The word ‘Unclear’, meaning that the value is missing from CANDID because it

is not legible.
– The word ‘Unclear’, with a special string format,

{guess_1} - {guess_2} - ... - {guess_n} (unclear)

(e.g., ‘36-23-59 (unclear)’), meaning that the value is missing because the num-
ber is difficult to read but we have one or more guesses. In the harmonized datasets
(Appendix A.3.2) we use the first (i.e., best) guess.

A.3.2 Preparing Harmonized CSV Files

We developed one open-source R script for each data source that joins the unharmonized
data with harmonized disease and place names. This was achieved by creating lookup tables
containing all historical names, and then adding columns for harmonized names. Links to
these lookup tables are available at:

https://github.com/canmod/iidda/blob/main/README.md#canmod-digitiz
ation-project

1Typically these strings were taken as is from the source, but in many instances before 1924 we had to
make an educated guess about the reason why particular records were missing.
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Because sources sometimes reported diseases hierarchically, our harmonized disease names
were provided in two columns: disease, giving the name of the disease being reported, and
nesting_disease, optionally giving the name of another disease within which the disease is
nested. We refer to the values in these disease and nesting_disease columns collectively
as disease names. These disease names are organized into hierarchies, such that most
disease names are nested within another disease name (e.g., hepatitis-A is nested within
hepatitis-A-B). We refer to disease names that are not nested within any other disease name
as basal diseases. These basal diseases are plotted in Figure 3 of the main text. For a
given combination of location and time period, all disease names at or below a specific basal
disease in the hierarchy are referred to as its sub-diseases.

In addition to joining harmonized names, the harmonization scripts also apply the fol-
lowing changes:

• Remove illegible data.

• Apply fixes to dates and locations that were obviously entered incorrectly in the original
source documents (e.g., one whooping cough record from 1943 was for a week ending
on a Sunday, while all other data from the same source were for weeks ending on a
Saturday).

• Aggregate data that were stratified by age or city.

• Replace alternative characters for reporting zero cases with a literal 0 (e.g., often a
dash was used).

• Remove records containing missing values or text strings indicating the type of missing
value (e.g., ‘Unclear’, ‘Missing’).

These fixes add convenience at the expense of removing information contained in the original
source, but this information remains accessible in the unharmonized data Appendix A.3.1.

We collected all of the resulting harmonized CSV files into a single file that we label
harmonized.

A.3.3 Preparing the Normalized CSV File

We developed an open-source R script to remove redundant data and to add data that
are implied but not explicitly provided by the original source documents. Our goal was to
ensure that each apparently reported case is represented by a single incidence value in the
resulting CSV file. We refer to the resulting file as normalized aligning with the concept
that normalized databases represent each ‘fact’ only once [9].

There are five sources of overlap that could cause cases to be counted more than once:

• Locations (e.g., provincial data being reported along with national data)

• Data sources (e.g., weekly data for Ontario between 1939–1978 being reported by both
Statistics Canada and the Ontario Ministry of Health)
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• Time periods (e.g., weekly data being reported along with monthly data)

• Disease hierarchies (e.g., polio with and without paralysis being reported along with
total polio)

• Mixtures of the previous sources of overlap (e.g., some provinces have only monthly
data, while others have only weekly data.)

In addition to removing overlapping historical records, we also add records that are
implied by the information in the sources. There are two types of implied information in the
harmonized data that we have made explicit in the normalized data:

• Unaccounted cases that are detected when the reported number of cases for a disease
is greater than the total over its sub-diseases.

• Missing data at finer time-scales (e.g., weekly, monthly) can be assumed to be zero if
zeros are reported at a coarser time-scale (e.g., yearly data) that temporally bound the
finer scale.

The CANDID archive curates data from a wide variety of sources (Table 1) and diseases,
each with different biases and quality issues. It is therefore impossible to produce a perfectly
normalized dataset, nor is it our goal to do so here. Instead we aim (1) to make reasonable
choices so that the analyses in this paper respect basic principles of consistency (e.g., each
case is counted at most once), (2) to set up a data processing pipeline that allows sustained
work to improve the quality of the normalization process, and (3) to make the complete
and un-normalized data easy to access so that others with expertise in a particular area can
make improved normalization choices.

In the remainder of this section, we describe the normalization steps that we take to
produce our posted normalized files. Users are free to modify these steps by modifying the
scripts and other files these scripts depend on (see Appendix A.3.4 for information on how
to find these scripts and files).

Add unaccounted cases: Sometimes the total for a nesting_disease is reported along
with some, but not all, of its sub-diseases. In these instances, after having ruled out other
known data quality issues, we produced records with incidence counts given by the asso-
ciated reported total minus the sum of the reported sub-diseases. These incidence values
can be identified in the normalized dataset by a value in the disease column of the form
nesting-disease_unaccounted, and with derived-unaccounted in the record_origin
column. These sums were computed by grouping by time-period, province, data source ID,
and nesting_disease.

Join population data: The estimated provincial population for each incidence value was
joined to the normalized dataset. As a result, population numbers are repeated in the dataset
because incidence values for different diseases are linked to the same population size within
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a specific period and province. While this repetition technically violates our normalization
principle, the added convenience justifies this step. The population column provides linearly
interpolated estimates of the intercensal populations for each province at the mid-point of
each period, using census-derived data from [3–5].

Resolve overlapping locations: Filtering out all data for the entire country easily solves
this source of overlap.

Compute implied zeros: In some instances, there are zeros reported at a coarse time-
scale (i.e., for a year), but the data at a finer timescale (weekly/monthly) for the same disease
and location is empty or not available. We replaced weekly data that were missing and/or not
available in national data sources with zeros when they were implied by a zero at a coarser
timescale for the same disease and location. These incidence values can be identified in the
normalized dataset by a value of derived-implied-zeros in the record_origin column.
These implied zeros were given lower priority than other weekly data when resolving overlap,
as we describe next.

Resolve overlapping data sources and time-scales: We generally prioritize national
data sources that report for all provinces (e.g., Statistics Canada) over provincial data sources
that report for a single province (e.g., Saskatchewan Bureau of Public Health). We always
prioritize finer time-scales (e.g., weekly) over coarser ones (e.g., quarterly). For example, if
monthly data from a national source overlaps with weekly data from a provincial source, we
will choose the weekly provincial data.

We handle data source and time-scale overlap sequentially, starting with an empty dataset
and adding records from a dataset produced by applying the previous normalization processes
to the harmonized data. At each step in this sequence, we consider new candidate records
and only add those that do not overlap temporally with the existing ones. Being added first
therefore indicates a higher priority:

1. All weekly data from national sources.

2. Non-overlapping weekly data from provincial sources.

3. Non-overlapping two-weekly data from national sources.

4. Non-overlapping two-weekly data from provincial sources.

5. Non-overlapping weekly implied zeros from national sources.

6. Non-overlapping monthly data from national sources.

7. Non-overlapping monthly data from provincial sources.

8. Non-overlapping quarterly data from national sources.
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For any time period and province, we have at most two data sources: one from a fed-
eral organization (e.g., Statistics Canada) and one from a provincial organization (e.g.,
Saskatchewan Bureau of Public Health). To resolve such overlap when it occurs, we prefer
national sources to those from provincial sources. This choice has the advantage of being
easy to apply and also has a better chance of producing provincial data streams that are
comparable because we can inherit the choices that the federal organization made when
publishing data from different provinces.

If the two sources produced identical results then this choice would be irrelevant. Al-
though there are periods for which national and provincial sources reported identical counts,
this is not typically the case. Figure A7 gives an example comparing 37 years of weekly
whooping cough data in Ontario as reported by Statistics Canada and the Ontario Ministry
of Health. This figure shows that until 1970 the two agencies were reporting virtually iden-
tical numbers, with the occasional deviation. In contrast, there are deviations consistently
from 1970 to 1977, although the qualitative pattern is still similar.

Resolve overlap caused by disease hierarchies: To address how this type of overlap is
resolved, it is necessary to further define terminology related to disease hierarchies, building
on the concepts introduced in Appendix A.3.2. The global hierarchy of a basal disease
includes all sub-diseases that appear at least once in the harmonized dataset, while the
local hierarchy is specific to a particular location and time period. Some of these global
hierarchies are simple (e.g., whooping cough has no sub-diseases at all) whereas others are
complex (e.g., meningitis has 37 sub-diseases in the global hierarchy) with local hierarchies
changing over time.

We will dig into the meningitis hierarchy a little to give a sense of the complexity. The
harmonized dataset contains 33 different local hierarchies of meningitis. Figure A8a to
Figure A8d give the meningitis global hierarchy, with each figure highlighting the local-
hierarchy associated with a specific set of locations and times. From 1921 to 1967 Statistics
Canada reported a total meningitis count without any sub-diseases (Figure A8a). The
sources give no indication of what kind of meningitis is being reported, possibly because it
was not known. From 1969–1978 only viral meningitis was reported and this was stratified
by coxsackie, echo, and virus-unspecified (Figure A8b). Even if totals for meningitis-viral
or meningitis were given in these sources, they were excluded from the normalized data
to avoid overlap. From 1979 to 1985 the collection of sub-diseases changed completely to
report only meningitis associated with encephalitis (both viral and bacterial, Figure A8c).
Collections of sub-diseases from provincial data sources could sometimes be quite complex
(e.g., Figure A8d). Even in this complex case, there is no overlap in observed diseases in the
normalized data.

The above examples illustrate that we resolved overlap caused by disease hierarchies by
keeping only the most detailed sub-diseases of each basal disease, and setting the nesting
diseases of these sub-diseases to be the basal disease. Intermediate nesting disease counts
were then removed, keeping only the finest stratification of each basal disease reported in
a given time period and location. For example, the stratification of meningitis illustrated
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Figure A7: Comparing reported Ontario whooping cough incidence from Statistics Canada
with the Ontario Ministry of Health. The difference between the two sources is given on the
bottom panel.
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Figure A8a: Global meningitis disease hierarchy highlighting in blue a particular local hierarchy of
reported sub-diseases between 1921 and 1967. In this local hierarchy, the only reported sub-disease
is the basal disease itself. Full caption below.
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Figure A8b: Global meningitis disease hierarchy highlighting in blue a particular local hierarchy of
reported sub-diseases between 1968 and 1978. Full caption below.
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Figure A8c: Global meningitis disease hierarchy highlighting in blue a particular local hierarchy of
reported sub-diseases between 1979 and 1985. Full caption below.
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Figure A8d: Global meningitis disease hierarchy highlighting the sub-diseases reported by Public
Health Manitoba in the date ranges given. Full caption below.

Figure A8: Global hierarchy of meningitis diseases. Each sub-figure corresponds to a spe-
cific date and location range, with a local hierarchy of sub-diseases for that range high-
lighted in blue and others in red. Disease names starting with “ex” indicate counts that
exclude certain disease types, abbreviated in the figure. Full disease names are constructed
by concatenating node names along the hierarchy with dashes (e.g., meningitis-bacterial-
haemophilus-influenza).
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Figure A9: Global hepatitis A and B disease hierarchy, with two panels highlighting differ-
ent local hierarchies in blue. In the top panel hepatitis B is stratified by acute and chronic
sub-diseases, but in the bottom panel hepatitis B is not stratified. See Figure A8 for inter-
pretation details.

in Figure A8b came from a data source (Statistics Canada) that also reported a total for
viral meningitis (historically called aseptic meningitis), but this total was removed in the
normalization process and so the viral node is coloured red to indicate that this sub-disease
cannot be observed in the normalized data. For another example, Public Health Ontario
stratified hepatitis B by acute and chronic sub-diseases (Figure A9, top) whereas Statistics
Canada and other provincial agencies did not (Figure A9, bottom).

A.3.4 Data Provenance

The harmonized and normalized data both contain the following columns with unique iden-
tifiers to resources used to produce each record:

• original_dataset_id: Uniquely identifies the unharmonized dataset containing each
record.
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• digitization_id: Uniquely identifies the digitization (typically an Excel file) con-
taining the data for each record.

• scan_id: Uniquely identifies the scan of the original document containing each record.

Records that were implied from associated data (see Appendix A.3.3), as opposed to explic-
itly reported, do not have entries in the first two of these columns. Data that we received in
digital form typically do not have a scan associated with them, and so such records do not
have a scan_id.

Information on the above identifiers can be found at:

https://github.com/canmod/iidda/blob/main/README.md#identifiers

The following vignette describes how to investigate the provenance of a record using these
identifiers:

https://canmod.github.io/iidda-tools/iidda.api/articles/Provenance

Metadata for the unharmonized, harmonized, and normalized versions of our prepared data
are available at:

https://github.com/canmod/iidda/blob/main/README.md#canmod-digitiz
ation-project

These metadata contain links to all of the resources (R scripts, Excel/CSV files, and PDFs)
used to produce the datasets.

A.4 Quality control
Marginal total cross checks: Using marginal totals from the comprehensive dataset,
we performed cross checks over the three available stratifications of data: time scales, lo-
cations, and diseases. The analysis involved several comparisons at different levels of data
aggregation.

For time-scales, sub-annual records, such as weekly, monthly, or quarterly data, were
aggregated to the annual scale and compared to the available annual records. When multiple
sub-annual time scales were present, their annual sums were also compared to one another.

For locations, sub-national data were aggregated to the national level, and this sum was
compared with the reported national total. Both the national and sub-national totals were
aggregated to yearly scales for comparison with records in the PHAC portal.

For diseases, sub-class totals were aggregated and compared to the overall disease totals.
In cases where the sum of sub-diseases was less than the reported disease total, the difference
was labeled as disease_unaccounted and included in the normalized data as a derived entry
with a record-origin of derived-unaccounted-cases.

For each cross check, we put all records with discrepancies into a CSV file with provenance
information for finding the original scans and excel files to more easily fix potential errors.
The scripts for producing these CSV files can be found at:
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https://github.com/canmod/iidda/tree/main/pipelines/canmod-cross-c
hecks/prep-scripts

A link to download the current state of these CSV files, along with the data themselves, is
located at:

https://github.com/canmod/iidda/blob/main/README.md#canmod-digitiz
ation-project

We plan to continue addressing these potential issues, but if you use the archive, please check
the discrepancy files to see if any data of interest is flagged. Given that our pipelines and
tools are open, users are encouraged to fix issues and submit pull requests to our GitHub
repository:

https://github.com/canmod/iidda

The following list summarizes the current status of each cross-check:
• Time-scale cross checks

– Total number of year-location-disease combinations with discrepancies: 373
– Percentage of these combinations without these discrepancies: >99%
– Percentage of these discrepancies that are from handwritten data: 100%

• Location cross checks

– Total number of period-disease pairs with discrepancies: 2,067
– Percentage of these pairs without these discrepancies: >99%
– Percentage of these discrepancies that are from handwritten data: 63%

• Disease cross checks

– Total number of period-location pairs with discrepancies: 187
– Percentage of these pairs without these discrepancies: >99%
– Percentage of these discrepancies that are from handwritten data: 88%

It is difficult to combine this information into an estimate of the overall proportion of the
harmonized dataset that is error free, because the above estimates are for different stratifica-
tions of the data. We can expect errors to yield discrepancies in more than one cross check.
For example, a single data-entry error in a sub-disease, province, and week could trigger a
discrepancy in all three cross checks if the disease, national, and annual data were reported
as well. Not all of these discrepancies represent our data-entry errors because sometimes the
original sources are inconsistent or unclear (especially in the handwritten data). Sources also
varied in the quality of their marginal totals, and so we removed these totals from our cross
checks. But overall, given that the percentages of the combinations of factors that are free of
known discrepancies are all greater than 99%, we do not expect that many more data-entry
errors remain.
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Comparing with the PHAC portal: We also compared the national and yearly data on
the PHAC portal (https://diseases.canada.ca/notifiable) with aggregated national
and yearly totals in CANDID for what we believe are the same diseases. We made these
comparisons visually using line plots. Figure A10 gives an example using chickenpox.

We do not expect the data sources to match exactly, for a variety of reasons. Before 1924
and after 2000 all of the data come from provincial data sources, and so our spatial coverage
is limited at these times, whereas the PHAC portal typically reports using data from more
provinces after 1924 (though not always, as is evident in the bottom panel of Figure A10).
CANDID historical source documents presumably included the best numbers at the time.
PHAC may have updated these numbers to account for data quality corrections or changes
in criteria for determining whether a case qualifies as a specific disease. Discrepancies could
also occur because the sub-diseases included in a particular disease change over time.

Fixing data: These data quality checks have allowed us to correct errors, and to continue
to do so, including data-entry typos (e.g., if 500 cases should have been 50), resolving bugs
in preparation scripts, and rethinking the interpretation of data source organization. For
instance, the difference between zero incidence and missing incidence was not clear in some
of the handwritten data (Figure 2). Additionally, we needed to change how we aggregated
sub-diseases to be comparable with such aggregations on the PHAC portal. Reasons for
irreducible discrepancies are discussed in the section on limitations (§4.4).

A.5 Polio methods
We analyzed weekly provincial polio data. For each province and week, we calculated the
weekly incidence rate by multiplying the number of new cases by 100,000 and dividing by the
interpolated population for that week. To estimate the national incidence rate, we summed
the provincial cases and divided by the population of provinces with available data, then
multiplied by 100,000. Vertical lines in the plot Figure 4 indicate the week with the highest
national incidence in a given polio year, which we defined as the 52-week period centered
around epidemiological week 34, the typical yearly peak for polio. We plotted peaks only for
years with more than 20 total cases reported in the country.

A.6 Whooping cough methods
We estimated the annual incidence rate in each of the six geographic regions of Canada, and
Canada as a whole, as follows. We first computed the average daily number of whooping
cough cases for each province or territory by summing the reported cases over all available
time periods within a year and dividing by the total number of observed days. We then
estimated the total annual cases for each province by scaling this daily rate by the total
number of days in the year, accounting for any missing data. Summing these estimates across
the provinces within each geographical region gave us the total estimated cases per region.
Finally, we calculated the incidence rate per 100,000 individuals by dividing the regional
total estimated cases by the total regional population and scaling appropriately. These sums
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Figure A10: Chickenpox as an example of a comparison between our archive and the PHAC
portal. The top panel gives yearly incidence from CANDID in red and the PHAC portal
in grey. The bottom panel gives the total population of all reporting provinces for each
source. Jumps in this bottom panel are caused by provinces being added or dropped from
each source. For chickenpox the reported incidence is very similar in both sources during
times when the reporting population is identical.
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and averages were not contaminated by double counting, as each reported or implied case is
represented only once in the normalized dataset (see Appendix A.3.3). However, our method
could be affected by within-year variation in incidence rates that did not average out over
the sample of available time periods.

Details for these calculations are as follows:

• Let xij be the number of new whooping cough cases reported during time period i
(e.g., week, month, or quarter) within province or territory j of Canada.

• Let nij be the number of days in time period i within province or territory j.

• Let Ωk be the set of all time periods i within year k. Note that Ωk may not include all
possible periods if data are missing for some weeks, months, or quarters.

• Let Ψl be the set of provinces and territories j that are contained within geograph-
ical region l of Canada (e.g., Atlantic, Quebec, Ontario, Prairies, British Columbia,
Territories).

• Let Nk be the total number of days in year k (either 365 or 366).

• Let pkj be the population of province or territory j during year k.

1. Average Daily Cases in Year k and Province j:

Average Daily Caseskj =
∑i∈Ωk

xij

∑i∈Ωk
nij

2. Estimated Total Annual Cases in year k in Province j:

Estimated Annual Caseskj = Nk × (∑i∈Ωk
xij

∑i∈Ωk
nij

)

3. Total Estimated Cases in Year k and Region l:
Sum the estimated annual cases over all provinces and territories j within region l:

Total Estimated Caseskl = Nk × ∑
j∈Ψl

(∑i∈Ωk
xij

∑i∈Ωk
nij

)

4. Incidence Rate per 100,000 Individuals in Year k and Region l:
Calculate the incidence rate by dividing the total estimated cases by the total popula-
tion of the region and scaling by 100,000:

Incidence Ratekl = 100, 000 ×Nk ×
∑j∈Ψl

(∑i∈Ωk
xij

∑i∈Ωk
nij
)

∑j∈Ψl
pkj
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