

[image: image1]
Cohort profile: the British Columbia COVID-19 Cohort (BCC19C)—a dynamic, linked population-based cohort












	
	STUDY PROTOCOL
published: 21 February 2024
doi: 10.3389/fpubh.2024.1248905






[image: image2]

Cohort profile: the British Columbia COVID-19 Cohort (BCC19C)—a dynamic, linked population-based cohort

James Wilton1, Jalud Abdulmenan2, Mei Chong1,3, Ana Becerra1,4, Mehazabeen Najmul Hussain2, Sean P. Harrigan1, Héctor Alexander Velásquez García1,5, Zaeema Naveed1,5, Hind Sbihi1,5, Kate Smolina1,5, Marsha Taylor1, Binay Adhikari1, Moe Zandy1,4, Solmaz Setayeshgar1, Julia Li1,5, Younathan Abdia1,6, Mawuena Binka1, Drona Rasali1,5, Caren Rose1,5, Michael Coss2, Alexandra Flatt7, Seyed Ali Mussavi Rizi2 and Naveed Zafar Janjua1,5,8* on behalf of BCC19C collaborators


1BC Center for Disease Control, Provincial Health Services Authority, Vancouver, BC, Canada

2Data Analytics, Reporting, and Evaluation, Provincial Health Services Authority, Vancouver, BC, Canada

3Trauma Services British Columbia, Provincial Health Services Authority, Vancouver, BC, Canada

4Vancouver Coastal Health, Vancouver, BC, Canada

5School of Population and Public Health, University of British Columbia, Vancouver, BC, Canada

6Faculty of Pharmaceutical Sciences, University of British Columbia, Vancouver, BC, Canada

7Provincial Health Services Authority, Vancouver, BC, Canada

8Centre for Health Evaluation and Outcome Sciences, St. Paul's Hospital, Vancouver, BC, Canada

Edited by
Brijesh Sathian, Hamad Medical Corporation, Qatar

Reviewed by
Dmitry Blinov, Institute of Preventive and Social Medicine, Russia
 Anna Bernasconi, Polytechnic University of Milan, Italy
 John Bell, California Department of Public Health, United States

*Correspondence
 Naveed Zafar Janjua, naveed.janjua@bccdc.ca

Received 27 June 2023
 Accepted 05 February 2024
 Published 21 February 2024

Citation
 Wilton J, Abdulmenan J, Chong M, Becerra A, Najmul Hussain M, Harrigan SP, Velásquez García HA, Naveed Z, Sbihi H, Smolina K, Taylor M, Adhikari B, Zandy M, Setayeshgar S, Li J, Abdia Y, Binka M, Rasali D, Rose C, Coss M, Flatt A, Mussavi Rizi SA and Janjua NZ (2024) Cohort profile: the British Columbia COVID-19 Cohort (BCC19C)—a dynamic, linked population-based cohort. Front. Public Health 12:1248905. doi: 10.3389/fpubh.2024.1248905



Purpose: The British Columbia COVID-19 Cohort (BCC19C) was developed from an innovative, dynamic surveillance platform and is accessed/analyzed through a cloud-based environment. The platform integrates recently developed provincial COVID-19 datasets (refreshed daily) with existing administrative holdings and provincial registries (refreshed weekly/monthly). The platform/cohort were established to inform the COVID-19 response in near “real-time” and to answer more in-depth epidemiologic questions.

Participants: The surveillance platform facilitates the creation of large, up-to-date analytic cohorts of people accessing COVID-19 related services and their linked medical histories. The program of work focused on creating/analyzing these cohorts is referred to as the BCC19C. The administrative/registry datasets integrated within the platform are not specific to COVID-19 and allow for selection of “control” individuals who have not accessed COVID-19 services.

Findings to date: The platform has vastly broadened the range of COVID-19 analyses possible, and outputs from BCC19C analyses have been used to create dashboards, support routine reporting and contribute to the peer-reviewed literature. Published manuscripts (total of 15 as of July, 2023) have appeared in high-profile publications, generated significant media attention and informed policy and programming. In this paper, we conducted an analysis to identify sociodemographic and health characteristics associated with receiving SARS-CoV-2 laboratory testing, testing positive, and being fully vaccinated. Other published analyses have compared the relative clinical severity of different variants of concern; quantified the high “real-world” effectiveness of vaccines in addition to the higher risk of myocarditis among younger males following a 2nd dose of an mRNA vaccine; developed and validated an algorithm for identifying long-COVID patients in administrative data; identified a higher rate of diabetes and healthcare utilization among people with long-COVID; and measured the impact of the pandemic on mental health, among other analyses.

Future plans: While the global COVID-19 health emergency has ended, our program of work remains robust. We plan to integrate additional datasets into the surveillance platform to further improve and expand covariate measurement and scope of analyses. Our analyses continue to focus on retrospective studies of various aspects of the COVID-19 pandemic, as well as prospective assessment of post-acute COVID-19 conditions and other impacts of the pandemic.
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Introduction

BC is the Western-most province of Canada and has a population of approximately 5.2 million people (as of 2022). BC recorded its first COVID-19 case on Jan 28, 2020 and by the end of 2022 had recorded approximately 390,000 laboratory confirmed infections, 31,000 hospitalizations and 4,800 deaths related to COVID-19 (1). Canada, and BC specifically, has had one of the highest COVID-19 vaccination rates in the world, with ~90% of adults receiving at least two doses within a year of vaccine rollout (2). As of the end of 2022, ~63% of adults had received a third dose and ~36% a fourth dose. Despite the active response to the pandemic, there has been and remains an ongoing need for innovative data platforms/environments to evaluate and inform the public health response in “real-time” and also support more in-depth epidemiologic questions about COVID-19 (3, 4).

The BC COVID-19 Data Library (BCCDL) surveillance platform was created at the beginning of the COVID-19 pandemic to improve access to linkable population-based datasets and support surveillance and public health planning (3). The BC COVID-19 Cohort (BCC19C) represents a program of work focused on developing analytic cohorts from the platform in order to meet these overall goals. The BCCDL and BCC19C are the result of a collaboration between provincial-level organizations, including the Health Sector Information, Analysis and Reporting (HSIAR) team at the BC Ministry of Health (MOH) and the Data Analytics, Reporting, and Evaluation (DARE) team and the British Columbia Centre for Disease Control (BCCDC) at the Provincial Health Services Authority (PHSA). The primary objectives of the BCCDL and BCC19C are:

° To support ongoing surveillance, reporting, and modeling of COVID-19 in BC;

° To describe and characterize the epidemiology of COVID-19 in BC;

° To inform acute care planning, public health interventions, and the implementation of health care services to address COVID-19 in BC.



Methods and analysis


Who is in the cohort?

The BCCDL is a cloud-based, dynamic surveillance platform that integrates recently developed COVID-19 datasets with already established administrative data holdings and other provincial registries (Figure 1 and Supplementary Table 1). Each dataset integrated within the platform has its own scope and most are population-based (i.e., cover all BC residents). While the COVID-19 datasets are by definition limited to people who have accessed COVID-19 services, the administrative datasets and provincial registries are not specific to COVID-19 and capture the population's overall use of health care services. The platform is dynamic and new individuals—as well as new records for existing individuals—are added with each dataset refresh. COVID-19 datasets are generally refreshed daily while administrative datasets and other registries are generally refreshed weekly/monthly (Table 1 and Figure 1).


[image: Figure 1]
FIGURE 1
 BC COVID-19 Cohort and its integrated datasets. The platform used to create the BC COVID-19 Cohort contains a range of datasets that differ by domain, Data Steward and refresh frequency. See Table 1 for more detailed descriptions of datasets.



TABLE 1 Description of linkable datasets.
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The BCC19C represents the analytic cohorts developed from the platform. These cohorts primarily include individuals accessing COVID-19 related services (e.g., testing or vaccination) and their linked medical histories. As of the end of 2022, the number of unique individuals who had received at least one RT-PCR diagnostic test or vaccine dose for COVID-19 in BC was 2.25 million and 4.65 million, respectively. These individuals can be linked to administrative datasets and provincial registries that contain information on sociodemographics, healthcare use, comorbidities, and other covariates and outcomes (Table 1). In addition, the administrative/registry datasets integrated within the platform allow for selection of “control” individuals who have not accessed COVID-19 related services.

All datasets are de-identified but individuals can be linked across the datasets using a unique, randomly assigned patient master key (PMK). The de-identification process involves the removal of all direct identifiers, including name, address, Personal Health Number (PHN), and full date of birth (imputed to first of month). In brief, the patient matching algorithm/service used to assign the PMK is based on a series deterministic and probabilistic fuzzy matching to link patient records within and across different data sources and assign a PMK (5). The first step of algorithm is deterministic matching using PHN (a unique lifetime identifier assigned to individuals enrolled in BC's universal public healthcare plan) and then non-deterministic fuzzy matches (based on non-PHN variables) within PHN sets. A series of deterministic and non-deterministic matches are then applied for patients without a PHN based on sex, full date of birth, and name (first, middle and last). The patient matching algorithm has been developed and refined over the past 12 years and is regularly monitored and adjusted for accuracy. Each step was validated with manual review of random samples of data and match rates based on this review were between 99 and 100% (depending on dataset). The patient matching algorithm requires review, validation, and recalibration after introduction of new datasets. Limitations include the potential for errors in-between validation cycles, the large number of records without a PHN, limited availability of non-PHN variables (e.g., address is not universally available or standardized) and poor data quality of these non-PHN variables. The patient matching service is run daily on more than 65 million records each day in ~3 h.



What data sources are available and what can be measured?

Each dataset integrated within the platform has its own date range, refresh schedule, and available data elements (Figure 1 and Table 1).

The COVID-19 datasets contain information on individuals tested, diagnosed, hospitalized and vaccinated for COVID-19. The SARS-CoV-2 laboratory testing data includes positive and negative RT-PCR diagnostic tests as well as viral lineage information obtained from single nucleotide polymorphism (SNP) screening and/or whole genome sequencing. Viral mutation-level genomic data are also available (publicly available in GISAID under the submitter: BCCDC PHL). Case surveillance data includes information obtained by the regional health authorities during case follow-up (e.g., sociodemographics, exposure history, hospital admission, death). The Provincial COVID-19 Monitoring Solution (PCMS) is a daily census of acute care hospitals across BC and contains information on admission and discharge dates, unit of care (e.g., intensive care unit), supports used (e.g., mechanical ventilation) and discharge status (e.g., alive, dead). The COVID-19 vaccination dataset captures information on date of administration, trade name, dose and dose number for all vaccines administered in BC, as well as doses administered to BC residents outside of BC as reported by the vaccinated individual.

Several provincial-level administrative health datasets and registries are available for linkage to the COVID-19 datasets. The Client Roster includes all individuals accessing medical care through publicly funded health insurance and captures individual-level demographic data (e.g., imputed birth dates, geography). Geographic-level socioeconomic status (SES) and social determinants of health (SDOH) data are available from the Statistic Canada Census of Population that is conducted every 5 years (available at level of Dissemination Area—a uniform population size of between 400–700 people). Information on inpatient and outpatient medical visits (e.g., physician office, hospital, emergency department), deaths, medication dispensations, and laboratory diagnostic tests can be used to determine comorbidities and monitor healthcare use. These datasets can also be used to complement COVID-specific datasets in identifying severe outcomes related to SARS-CoV-2 infection (e.g., hospitalizations, deaths). Also available are composite datasets (Chronic Disease Registry, Health System Matrix, Population Grouper Methodology) that use standardized methods to derive information from administrative data holdings. The Chronic Disease Registry contains individual-level metrics on lifetime history of co-morbidities, while the Health System Matrix and Population Grouper Methodology classify individuals into categories based on healthcare utilization and/or comorbidity history.



How are data accessed, stored and governed?

The platform data are primarily stored and securely housed in a cloud-based, Microsoft Azure SQL Database environment—a fully managed database service in Azure. Datasets are received from Data Stewards/source systems primarily in CSV format and initially stored in our data warehouse, cloud-based SQL servers (Microsoft Azure—Infrastructure as a Service, IAAS). The datasets proceed through automated extract, transform and load (ETL) jobs in the data warehouse and are subsequently pushed to a separate cloud-based SQL Database Environment (Microsoft Azure—Software as a Service, SAAS) using Azure Data Factory pipelines. The ETL process for each dataset involves de-identification, exclusion of data not approved for broad use, standardization of variable names, and assignment of data types. Data housed in the SAAS servers can then be accessed by authorized users through pooled virtual machines which are pre-installed with various analytic and visualization software (e.g., SAS, R, SQL Server Management Studio, Power BI). This environment facilitates linkage between datasets by housing them all in a single location. The database also provides a read/write schema where users can store tables created during their analyses.

There are several challenges to our approach to data storage and access. Due to large size of datasets and network/resource limitations, the initial ETL pipeline cannot all be run in the final cloud-based Azure Database Environment (but must first be run in the data warehouse servers) and must also be scheduled separately for each dataset (as opposed to occurring simultaneously for all datasets). The ETL processes are run overnight and datasets cannot be queried by users while in progress. Further, the large datasets can be resource intensive to manipulate/query by users when conducting epidemiological analyses, and therefore cost-benefit decisions are required to balance the impact of resource limitation issues (e.g., crashing/slowing of virtual machines) with the cost of provisioning additional memory. Finally, the ETL process involves minimal data cleaning and therefore additional educational and technical support must be provided to users to ensure adequate/accurate manipulation and use of available data.

The platform went through a Privacy Impact Assessment and is governed under the terms of an Information Sharing Agreement (ISA) with the BC MOH and initially by a PHSA COVID-19 Analytics Network (now called the Viral Respiratory Infection Analytics Network). The Network was established to review the proposed uses of the platform, ensure projects align with the needs of various PHSA stakeholders, and act as a community of practice for sharing findings and enhancing collaboration among partners The Network has also been an important forum for awareness of other provincial, national and international COVID-19 efforts. The platform's centralized approach to data access ensures all agreements (e.g., ISAs) with Data Stewards, governance, and security infrastructure are already in place for data requestors. This streamlined model reduces the responsibility on individual requestors to separately coordinate these tasks with Data Stewards. Authorized users have access to de-identified data based on roles and projects and must agree to Terms of Use and complete pre-requisite privacy, confidentiality, and security courses. Public dissemination of each data product (e.g., report, manuscript) requires Data Steward pre-approval and additional assessment to ensure alignment with PHSA and Data Steward risk of re-identification policies (e.g., suppression of small cell sizes).




Findings to date

There are several areas of focus for BCC19C analyses. A summary of completed and ongoing analyses by these areas are found below and a list of published analyses can be found here: https://a4ph.med.ubc.ca/publications-and-presentations/publications/.


Cohort profile

To create a cohort profile, we conducted several comparisons (tested vs. never tested, tested positive vs. tested negative, fully vaccinated with 2 or more doses vs. not) to characterize individuals in the BCC19C up to November 30th, 2021 (pre-Omicron; Table 2). In addition to highlighting the breadth of data available, these comparisons demonstrate the importance of the administrative datasets and provincial registries for assigning sociodemographics; measuring history of health conditions and healthcare use; and identifying “control” groups for comparison to people who have accessed COVID-19 services (e.g., people who have not received laboratory testing for COVID-19).


TABLE 2 Characteristics of individuals in the BC COVID-19 Cohort (tested vs. never tested, tested positive vs. tested negative, fully vaccinated vs. not) during the pre-Omicron period (to Nov 30th, 2021).
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In brief, the comparisons in Table 2 demonstrate that: (1) females were slightly more likely to get tested and be fully vaccinated, but slightly less likely to test positive; (2) older age was generally associated with a lower odds of ever testing and testing positive but a higher odds of being fully vaccinated; (3) greater material deprivation was associated with a higher odds of testing positive but a lower odds of ever testing and being fully vaccinated; and (4) worse health status (e.g., more co-morbidities and/or healthcare use) was generally associated with a higher odds of ever testing and being fully vaccinated but not testing positive (with some exceptions). There were also differences by regional health authorities.



Syndromic surveillance

Syndromic surveillance may be useful as an early warning system for increases in COVID-19 transmission and/or as an additional way of monitoring COVID-19 transmission that is independent of testing behaviors/availability. It may also be useful for tracking other respiratory infections that are co-circulating with COVID-19.

We have used diagnostic codes in physician billing data to create an online dashboard for near “real-time” syndromic surveillance of primary care visits for COVID-19, acute respiratory infections (e.g., cough, cold), and influenza and pneumonia symptoms (6). The dashboard is available here: http://www.bccdc.ca/health-professionals/data-reports/respiratory-diseases. Trends are stratified by age and region and also compared to historical averages. The dashboard was implemented in preparation for the 2022/2023 winter season, during which syndromic surveillance demonstrated little COVID-19 circulation but large increases in other respiratory infections, particularly in younger age groups. Indeed, the rate of visits for clinically diagnosed influenza in younger individuals exceeded—and peaked earlier—than historical averages (Figure 2). Trends in these data were supported by other data sources (wastewater surveillance, laboratory testing), highlighting the validity of these data for use as syndromic surveillance.


[image: Figure 2]
FIGURE 2
 Respiratory disease syndromic surveillance dashboard. Screenshot presents proportion of primary care visits for influenza-related symptoms among individuals aged 5–9 years. Solid blue line represents current trend (2022/2023), while shaded gray lines/areas represent historical average and distribution from previous years (2010–2019).




COVID-19 severity

Assessing characteristics associated with a higher risk of COVID-19 severe outcomes (e.g., hospitalization, ICU admission, death) is critical to identify higher-risk populations who can be prioritized for intervention, such as vaccination. A BCC19C analysis conducted early in the pandemic identified older age as the strongest risk factor for hospitalization—in addition to male sex and a range of co-morbidities (Figure 3) (7)—and these results were used to inform provincial vaccine rollout. Importantly, this analysis also identified mental health conditions and injection drug use as risk factors for hospitalization, highlighting the overlap between the two ongoing emergencies in BC (COVID-19 and unregulated drug poisoning). Later in the pandemic, this analysis was updated and the results highlighted the success of vaccination in mitigating the higher risk of severe outcomes associated with increasing age but also the need for additional protection (e.g., nirmatrelvir/ritonavir) in some populations (8).


[image: Figure 3]
FIGURE 3
 Characteristics associated with COVID-19 hospitalization among laboratory confirmed COVID-19 cases. Multivariable Poisson regression analysis with robust error variance. Analysis included all laboratory-diagnosed COVID-19 cases in British Columbia to 15 January 2021 (N = 56,874; 2,298 were hospitalized). Figure reproduced from “Mental Health and Substance Use Associated with Hospitalization among People with COVID-19: A Population-Based Cohort Study” by Velásquez García et al. (7) (CC BY 4.0); copyright 2021 by the authors; licensee MDPI, Basel, Switzerland.


Other BCC19C analyses have explored the relative clinical severity of SARS-CoV-2 variants of concern (VOCs). In an analysis conducted during Omicron and Delta co-circulation, we found Omicron to be associated with a 50% lower risk of hospitalization (aHR = 0.50; 95%CI = 0.43–0.59), a 73% lower risk of ICU admission (aHR = 0.27; 95%CI = 0.19–0.38), and a 5 day shorter hospital stay (ß = −5.03; 95% CI = −8.01−2.05) relative to Delta (9). Another study found differences in clinical severity between sub-variants of Omicron (BA.1, BA.2, BA.5) (10). Assessing all VOCs in the same analysis is challenging due to the short periods of co-circulation and potential for temporal biases, but our analysis attempting to account for these biases identified Delta as the most virulent VOC, followed by Gamma, Omicron, and Alpha (11).

We have also compared the population-level burden of COVID-19 hospitalizations to historical influenza seasons (12). This analysis found that rates of COVID-19 hospitalization per 100,000 adults were higher than influenza in the pre-Omicron period (low COVID-19 vaccine coverage, public health restrictions in place) but similar to influenza in the Omicron era (high COVID-19 vaccine coverage, relaxed public health measures). Among children (< 18 years of age), COVID-19 hospitalization rates were generally comparable or lower than influenza regardless of COVID-19 pandemic phase or vaccination status.



Vaccine safety

Linked administrative data (emergency department visits, hospital discharges) can be used to monitor vaccine safety and identify adverse events of special interest (AESIs). BCC19C analyses have assessed safety signals in several ways. As part of a collaboration with the Global Vaccine Data Network (GVDN), we calculated background rates (i.e., prior to COVID-19 pandemic) for a range of AESIs and contributed to the creation of an online dashboard presenting these data (13). We have also published an individual-level analysis comparing the observed number of myocarditis events following COVID-19 vaccination to the number that would be expected based on these background rates. This analysis highlighted the overall safety of COVID-19 vaccines, but identified a higher than expected rate of myocarditis events following a second mRNA dose, particularly among young male mRNA-1273 recipients (14). These findings were supported by another BCC19C analysis identifying a higher odds of myocarditis for mRNA-1273 (vs. BNT162b2; aOR = 2.78; 95% CI: 1.67–4.62)—an association that was stronger among younger males but did not appear to be present among older individuals (>40 years of age) or females (15). These analyses supported the decision to preferentially recommend BNT162b2 for younger individuals. Promisingly, a more recent analysis suggested that myocarditis risk is lower with a booster dose, with no difference in myocarditis risk by vaccine type (16). In an unpublished analysis, we also found the rate of myocarditis following SARS-CoV-2 infection to be generally higher than after mRNA vaccination, particularly among females (regardless of age) and males older than 30—highlighting how vaccination can indirectly reduce risk of myocarditis.



Vaccine effectiveness

We have analyzed the effectiveness of COVID-19 vaccines against infection and severe outcomes using the test-negative design. Early analyses conducted within a year of vaccine rollout confirmed that two doses of mRNA vaccines provided high effectiveness (>97%) against severe outcomes overall and across variants of concern (alpha, gamma, delta) (17). These early findings suggested that a longer interval between doses increased effectiveness and that effectiveness remained high >4 months following a second dose (17).

Additional vaccine effectiveness analyses are being conducted in immunocompromised populations who may experience lower vaccine effectiveness, such as people living with HIV (PLWH) or who inject drugs. In an analysis of PLWH, we found that vaccine effectiveness built up more slowly and waned more quickly compared to HIV-negative individuals, but that peak estimates were similar between the two populations (18).



Unintended/societal consequences of the COVID-19 pandemic

Our analyses are exploring a range of potential societal/unintended consequences of the COVID-19 pandemic. These include negative impacts that go beyond the direct effect of viral infection on individual health. In an analysis exploring the impact on mental health, we found that trends in outpatient medical visits, emergency department visits and psychotropic drug dispensations increased following pandemic onset, particularly among adolescents (10–19 year olds) and females (19). Another study found the volume of ED visits reduce by 13% during the first 16-months of pandemic, with the biggest decrease among respiratory-related visits in the pediatric population (20).

Ongoing analyses are exploring other indirect negative impacts on health, such as those potentially arising from healthcare disruptions (e.g., delayed elective surgeries, reduced access to screening programs) or less health-seeking due to fear of exposure to COVID-19. Future reports will be posted at http://www.bccdc.ca/health-professionals/data-reports/societal-consequences-covid-19/health-care-services.



Disparities in SES and SDOH

We are exploring SES/SDOH disparities in risk of COVID-19 infection and severe outcomes, as well as vaccine coverage. These analyses have found that COVID-19 cases tend to concentrate in areas with lower SES (e.g., lower income, education, housing suitability) and in areas with a higher proportion of people who are visible minorities, recent immigrants, and essential workers (21). In an analysis assessing the syndemic association between diabetes and SES/SDOH, COVID-19 diagnosis was found to be associated with geographic areas containing greater proportions of people of South Asian race/ethnicity, with lower educational status, and working in Trade/Transport occupations—and that these associations appeared to be stronger among individuals with diabetes (22). In another analysis examining the association between SES/SDOH and severe outcomes by VOC, the race/ethnicity distribution of severe COVID-19 outcomes was found to differ by VOC during co-circulation of Alpha and Gamma (11). Ongoing investigations are attempting to tease apart the mediating role of VOCs in the relationship between SDOH and severe outcomes.



Post-acute outcomes following COVID-19, including long-COVID

Our team is using the BCC19C to characterize the long-term impact of COVID-19 on individual health and healthcare utilization. Initial work focused on the use of machine learning approaches to identify long-COVID patients in administrative datasets. In our first paper, an elastic net regression model leveraging several BCC19C datasets was used to create an algorithm for identifying long-COVID patients (23). Clinical data on individuals enrolled in post-COVID-recovery clinics in BC were integrated into the BCC19C to develop and validate the algorithm. The resulting algorithm was found to have high sensitivity (86%) and specificity (86%) for identifying long-COVID and has subsequently been used to generate a population-based cohort of ~25,000 patients. In the first analysis of this cohort, healthcare utilization among people with long-COVID was 2-times higher compared to people without during the first 6 months after acute infection, and remained elevated (although to a lesser degree) more than 1 year later (24).

Other analyses are assessing the long-term association between SARS-CoV-2 infection and specific non-respiratory sequelae. In one analysis, the risk of incident diabetes was higher among individuals who survived acute SARS-CoV-2 infection compared to uninfected controls (HR = 1.16, 95% CI: 1.06–1.28). This association was stronger among males and individuals with greater severity of acute SARS-CoV-2 infection (25).




Discussion

In this paper, we have summarized the impact of the innovative BCCDL platform. This platform enabled real-time integration of surveillance, laboratory, health registries and healthcare administrative datasets during the COVID-19 pandemic. The BCC19C analyses of cohorts developed from this platform have facilitated deeper understanding of COVID-19 epidemiology and informed public health interventions and planning in BC. In addition, the platform has created new opportunities to monitor population health status and generate health intelligence in future emergencies and apply novel analytic techniques. Our initiatives complement similar efforts in other jurisdictions (4, 26), and together highlight their potential in jurisdictions without existing platforms. While implementation elsewhere may be limited by local availability of datasets, the overall concept of the platform could be considered broadly feasible given available resources, facilitating regulations, and successful stakeholder collaboration. Our efforts are continuing to evolve and act as an exemplar for similar platforms elsewhere.

Key strengths of the BCC19C are the comprehensive scope of available datasets, the ability to link individuals between de-identified datasets using a unique patient master key, and the dynamic/flexible nature of the BCCDL platform. Most datasets integrated into the platform—and used in BCC19C analyses—are population-based (i.e., cover all BC residents), thereby minimizing the potential for selection bias and maximizing generalizability of findings. In addition, the wide range of datasets permit measurement of most covariates and outcomes required for comprehensive COVID-19 analyses—with some datasets complementing each other to ensure more complete capture of specific measurements (e.g., multiple sources can be used to identify comorbidities or severe COVID-19 outcomes). The frequent refresh of available datasets allows for more timely analyses when needed and the flexibility of the BCCDL platform facilitates the addition of new datasets on an as-needed basis once appropriate approvals are obtained. Finally, the administrative datasets and provincial registries integrated in the BCCDL platform are not limited to COVID-19 and allow for selection of “control” individuals who have not accessed COVID-related services (e.g., people who have not tested or vaccinated for COVID-19). Ongoing and future investigations using this platform include assessing the association between COVID-19 and other long-term health outcomes (e.g., neurological and cardiovascular disorders), characterizing and monitoring long COVID, quantifying the impact of COVID-19 vaccination and VOCs on development of long-COVID, measuring the durability and severity of specific long-COVID symptoms (e.g., diabetes) and vaccine-associated myocarditis, assessing disruption of the pandemic on other health services (e.g., diabetes screening and diagnosis, HBV and HCV testing and treatment), exploring the reliability of machine learning prediction models trained on respiratory infection syndromic surveillance data, and use of mutation-level genomic SARS-CoV-2 data to develop polygenic risk scores for predicting severity of infection.

The BCC19C has some weaknesses, including limitations inherent to administrative/registry data, unavailable data elements, and possible errors in patient matching. Administrative data are collected for purposes other than public health surveillance and research, and secondary analysis of these data is limited by the elements available within each dataset and subject to errors in data collection/input. However, some of these limitations can be mitigated by use of multiple data sources to complement certain measures (e.g., laboratory test results to overcome limitations related to misclassification of administrative data). Examples of unavailable data elements that could improve and expand BCC19C analyses include individual-level information on race/ethnicity, immigration and other SES indicators (currently only available at the geographic level). Currently, the most recent geographic-level SES/SDOH data is from the 2016 census but will be updated once 2021 census data becomes available. Measurement of health conditions in administrative data is based on healthcare visits and misses individuals who have not sought care. Further, some characteristics cannot be identified in administrative data with high sensitivity and specificity, such as smoking and certain anthropomorphic measures (e.g., Body Mass Index). Future linkage to survey data may improve capture of certain variables, including SES and specific comorbidities, in a subset of individuals. The patient matching algorithm requires review, validation, and recalibration after introduction of new datasets—raising the potential for errors in between validation cycles. Finally, some datasets are more lagged than others, either due to more infrequent refresh schedules (e.g., some datasets are only updated monthly/annually) and/or inherent lag in the source data (e.g., some datasets are refreshed frequently but with data that is lagged by a month or more), limiting the ability to conduct more timely analyses. However, many BCC19C analyses are more retrospective in nature and do not require “real-time” data availability. Within this context, there is a need for assessment and validation of real-time surveillance measures using data which are more timely, such as laboratory information, prescriptions and medical visits.



Ethics statement

The studies involving humans were approved by Research Ethics Board of the University of BC (Approval # H20-02097). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin because this study was performed using de-identified data routinely collected as part of public health surveillance and/or routine healthcare encounters. Patient consent was not required in accordance with the Canadian Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans article 5.5B.



Author contributions

SM, JA, NJ, and MN led and/or contributed to the establishment of the BC COVID-19 Data Library (BCCDL) platform, including dataset acquisition, linkages, and maintenance. NJ led the development of the BC COVID-19 Cohort (BCC19C) including ethics approval, funding, and other support. MCo led the governance aspects of the BCCDL and manages the PHSA COVID-19 Analytic Network. MCh, JW, and AB were involved in supporting BCC19C access and analyses for BCC19C users, including development of technical documents, data dictionaries, and administrative processes. MCh, ZN, KS, HV, SH, DR, BA, MT, MZ, JL, CR, HS, NJ, YA, SS, MB, and JW contributed to the published papers and dashboards described in the manuscript. JW conducted the analysis in Table 2. HS, MT, and AF are involved in the curation/maintenance of specific datasets integrated in the BCCDL. JW wrote the first draft of the manuscript with support from SH. All authors reviewed and provided critical feedback on the manuscript. All authors contributed to the article and approved the submitted version.



BCC19C collaborators

James Wilton, Jalud Abdulmenan, Mei Chong, Ana Becerra, Mehazabeen Najmul Hussain, Sean P. Harrigan, Héctor Alexander Velásquez García, Zaeema Naveed, Hind Sbihi, Kate Smolina, Marsha Taylor, Binay Adhikari, Moe Zandy, Solmaz Setayeshgar, Julia Li, Younathan Abdia, Mawuena Binka, Drona Rasali, Caren Rose, Michael Coss, Alexandra Flatt, Seyed Ali Mussavi Rizi, Naveed Zafar Janjua, Mike Irvine, Braeden Klaver, Prince Adu, Hasina Samji, Georgine Cua, Chad Fibke, Bushra Mahmood, Stanley Wong, Angela Yao, Geoffrey McKee, Monika Naus.



Funding

The BCCDL was established and is maintained through operational support from Data Analytics, Reporting, and Evaluation (DARE) and BC Centre for Disease Control (BCCDC) at the Provincial Health Services Authority. Funding for specific BCC19C projects was obtained from the Canadian Institutes of Health Research, Public Health Agency of Canada, COVID-19 Immunity Task Force, Vaccine Surveillance Reference Group, Canadian Immunization Research Network, and Global Vaccine Data Network.



Acknowledgments

The authors acknowledge the assistance of the Provincial Health Services Authority and Regional Health Authority staff involved in data access, procurement, and management; the residents of BC whose data are integrated in the BCC19C; and the BC Ministry of Health for their partnership in developing the BC COVID-19 Data Library, in particular the Health Sector Information, Analysis and Reporting (HSIAR) team led by Martin Wright, Assistant Deputy Minister, HSIAR.



Conflict of interest

NJ reported receiving personal fees from Gilead and AbbVie outside the submitted work.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Author disclaimer

All inferences, opinions, and conclusions drawn in this manuscript are those of the authors and do not reflect the opinions or policies of the Data Steward(s).



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1248905/full#supplementary-material



References

 1. BC Centre for Disease Control. British Columbia COVID-19 Dashboard. Available online at: https://experience.arcgis.com/experience/a6f23959a8b14bfa989e3cda29297ded (accessed June 26, 2023).

 2. BC Centre for Disease Control. COVID-19 Vaccination Coverage. Available online at: http://www.bccdc.ca/health-professionals/data-reports/covid-19-vaccination-coverage (accessed June 26, 2023).

 3. Wilton J, Abdulmenan J, Chong M, et al. A large linked data platform to inform the COVID-19 response in British Columbia: The BC COVID-19 Cohort. Int J Popul Data Sci. (2022) 7. doi: 10.23889/ijpds.v7i3.2095

 4. Mulholland RH, Vasileiou E, Simpson CR, Robertson C, Ritchie LD, Agrawal U, et al. Cohort profile: early pandemic evaluation and enhanced surveillance of COVID-19 (EAVE II) database. Int J Epidemiol. (2021) 50:1064–74. doi: 10.1093/ije/dyab028

 5. Rizi SAM, Roudsari A. Development of a public health reporting data warehouse: lessons learned. Stud Health Technol Inform. (2013) 192:861–5. doi: 10.3233/978-1-61499-289-9-861

 6. BC Centre for Disease Control. Respiratory Surveillance: Community Visits For Respiratory Illness. Available online at: https://bccdc.shinyapps.io/respiratory_community_visits/ (accessed June 26, 2023).

 7. Velásquez García HA, Wilton J, Smolina K, Chong M, Rasali D, Otterstatter M, et al. Mental health and substance use associated with hospitalization among people with COVID-19: a population-based cohort study. Viruses. (2021) 13:2196. doi: 10.3390/v13112196

 8. Velásquez García HA, Adu PA, Harrigan S, Wilton J, Rasali D, Binka M, et al. Risk factors for COVID-19 hospitalization after COVID-19 vaccination: a population-based cohort study in Canada. Int J Infect Dis. (2023) 127:116–23. doi: 10.1016/j.ijid.2022.12.001

 9. Harrigan SP, Wilton J, Chong M, Abdia Y, Garcia HV, Rose C, et al. Clinical severity of severe acute respiratory syndrome coronavirus 2 omicron variant relative to delta in British Columbia, Canada: a retrospective analysis of whole-genome sequenced cases. Clin Infect Dis. (2023) 76:e18–25. doi: 10.1093/cid/ciac705

 10. Russell SL, Klaver BRA, Harrigan SP, Kamelian K, Tyson J, Hoang L, et al. Clinical severity of Omicron subvariants BA.1, BA2, and BA5 in a population-based cohort study in British Columbia, Canada. J Med Virol. (2023) 95:e28423. doi: 10.1002/jmv.28423

 11. JMIR Preprints. Clinical Severity of SARS-CoV-2 Variants of Concern in British Columbia, Canada: A Retrospective Population-Based Comparative Analysis. JMIR Preprints. Available online at: https://preprints.jmir.org/preprint/45513 (accessed March 31, 2023).

 12. Setayeshgar S, Wilton J, Sbihi H, Zandy M, Janjua N, Choi A, et al. Comparison of influenza and COVID-19 hospitalisations in British Columbia, Canada: a population-based study. BMJ Open Resp Res. (2023) 10:e001567. doi: 10.1136/bmjresp-2022-001567

 13. Global Vaccine Data Network. Background Rates Dashboards. Available online at: https://www.globalvaccinedatanetwork.org/Data-Dashboards/Background-Rates-Dashboards/GVDN%20AESI%20Background%20rates%202015%E2%80%932020 (accessed June 26, 2023).

 14. Naveed Z, Li J, Spencer M, Wilton J, Naus M, García HAV, et al. Observed versus expected rates of myocarditis after SARS-CoV-2 vaccination: a population-based cohort study. CMAJ. (2022) 194:E1529–36. doi: 10.1503/cmaj.220676

 15. Naveed Z, Li J, Wilton J, Spencer M, Naus M, Velásquez García HA, et al. Comparative risk of myocarditis/pericarditis following second doses of BNT162b2 and mRNA-1273 coronavirus vaccines. J Am Coll Cardiol. (2022) 80:1900–8. doi: 10.1016/j.jacc.2022.08.799

 16. Naveed Z, Li J, Naus M, García HAV, Wilton J, Janjua NZ. A population-based assessment of myocarditis following mRNA COVID-19 booster vaccination among adult recipients. Int J Infect Dis. (2023) 131:75–8. doi: 10.1016/j.ijid.2023.03.027

 17. Nasreen S, Febriani Y, García HAV, Zhang G, Tadrous M, Buchan SA, et al. Effectiveness of Coronavirus Disease 2019 vaccines against hospitalization and death in Canada: a multiprovincial, test-negative design study. Clin Infect Dis. (2023) 76:640–8. doi: 10.1093/cid/ciac634

 18. Fowokan A, Samji H, Puyat JH, Janjua NZ, Wilton J, Wong J, et al. Effectiveness of COVID-19 vaccines in people living with HIV in British Columbia and comparisons with a matched HIV-negative cohort: a test-negative design. Int J Infect Dis. (2023) 127:162–70. doi: 10.1016/j.ijid.2022.11.035

 19. Zandy M, El Kurdi S, Samji H, McKee G, Gustafson R, Smolina K. Mental health-related healthcare service utilisation and psychotropic drug dispensation trends in British Columbia during COVID-19 pandemic: a population-based study. Gen Psych. (2023) 36:e100941. doi: 10.1136/gpsych-2022-100941

 20. Yao J, Irvine M, Klaver B, Zandy M, Dheri AK, Grafstein E, et al. Changes in emergency department use in British Columbia, Canada during the first three years of COVID-19 pandemic. CMAJ. (2023) 195:E1141–50. doi: 10.1503/cmaj.221516

 21. Xia Y, Ma H, Moloney G, García HAV, Sirski M, Janjua NZ, et al. Geographic concentration of SARS-CoV-2 cases by social determinants of health in metropolitan areas in Canada: a cross-sectional study. CMAJ. (2022) 194:E195–204. doi: 10.1503/cmaj.211249

 22. Rasali D, Adhikari B, Velásquez-García H, et al. Syndemic association of COVID-19 diagnosis with diabetes across socio-demographic disparities in British Columbia (BC) population, 2020–2021. Ann Epidemiol. (2022) 75:81–2. doi: 10.1016/j.annepidem.2022.08.030

 23. Binka M, Klaver B, Cua G, Wong AW, Fibke C, García HAV, et al. An elastic net regression model for identifying long COVID patients using health administrative data: a population-based study. Open Forum Infect Dis. (2022) 9:ofac640. doi: 10.1093/ofid/ofac640

 24. Binka M, Klaver B, Cua G, Sander B, Sbihi H, Janjua NZ. Healthcare utilization remains elevated among people living with post-COVID-19 condition more than one year after acute COVID-19 illness. In: The Professional Society for Health Economics and Outcomes Research (ISPOR). Boston, MA (2023).

 25. Naveed Z, Velásquez García HA, Wong S, Wilton J, McKee G, Mahmood B, et al. Association of COVID-19 infection with incident diabetes. JAMA Netw Open. (2023) 6:e238866. doi: 10.1001/jamanetworkopen.2023.8866

 26. Bernasconi A, Ceri S. Interoperability of COVID-19 clinical phenotype data with host and viral genetics data. BioMed. (2022) 2:69–81. doi: 10.3390/biomed2010007

 27. Pampalon R, Gamache P, Hamel D. A deprivation index for health planning in Canada. Chronic Dis Can. (2009) 29:178–91. doi: 10.24095/hpcdp.29.4.05

Copyright
 © 2024 Wilton, Abdulmenan, Chong, Becerra, Najmul Hussain, Harrigan, Velásquez García, Naveed, Sbihi, Smolina, Taylor, Adhikari, Zandy, Setayeshgar, Li, Abdia, Binka, Rasali, Rose, Coss, Flatt, Mussavi Rizi and Janjua. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-12-1248905-t002.jpg
Ever tested for COV 9 Ever tested positive for COVID-19 Fully vaccinated for COVID-19 (two

(among tested) or more doses)

No (N = Yes (N = aOR (95%Cl) No (N = Yes (N = aOR (95%Cl) No (N = Yes (N = aOR (95%Cl)

2,801,651) 1,673,214) 1,500,856) 172,358) 754,227) 3,295,485)

Column % Column % Column % Column % Column % Column %
Sex
Female 497 537 12(11-12) 541 50.1 09 (0.8-0.9) 47.1 525 L1(1.1-1.1)
Male 50.3 46.3 Ref 459 499 Ref 529 47.5 Ref
Age (years)
0-4 21 23 3(3-3.) 24 14 1(09-1) - - -
5-11 68 84 3.5(35-3.5) 8.3 84 1.6 (1.5-1.6) - - -
12-17 65 66 2.8(28-28) 66 66 15 (1.5-1.5) 89 68 0.7 (0.7-0.7)
18-29 129 183 3.7(3.7-37) 17.9 220 1.8 (1.8-1.9) 201 157 0.7(0.7-0.7)
30-39 12.3 182 3.7(36-3.7) 18.1 189 1.6 (1.6-1.7) 196 152 0.7 (0.6-0.7)
40-49 118 136 28(27-28) 134 15.1 1.8 (1.7-1.8) 147 135 0.7 (0.7-0.8)
50-59 137 119 2(2-2) 118 12.1 1.6 (1.6-1.7) 142 144 0.8(0.8-0.8)
60-69 152 9.9 1.4 (1.4-1.4) 10.1 82 13 (1.3-1.3) 114 153 1(0.9-1)
70+ 189 10.9 Ref 113 7.1 Ref 111 19.1 Ref

Material deprivation (quintiles)

1 (least) 177 200 Ref 206 148 Ref 156 195 Ref

2 24 232 09(0.9-0.9) 236 194 1(1-11) 203 230 0.9 (0.9-1)

3 212 201 0.8 (0.8-0.8) 202 186 L1(L1-12) 216 205 0.8 (0.8-0.8)
4 202 183 0.8 (0.8-0.8) 18.0 208 14 (14-15) 217 189 0.7 (0.7-0.7)
5 (most) 142 137 0.8 (0.8-0.8) 128 218 2(2-2.1) 157 136 0.7 (0.7-0.7)
Missing 44 48 1(1-1) 48 48 14 (1.4-15) 52 45 0.7 (0.7-0.7)

Social deprivation (quintiles)

1 (least) 182 19.6 - 19.1 24.0 - 164 19.0 -
2 20.7 20.6 = 20.6 211 = 19.2 20.8 s
3 189 18.0 = 182 16.6 - 18.1 18.6 -
4 18.5 17.8 = 18.0 16.0 - 189 18.1 =
5 (most) 193 192 - 194 176 - 223 19.0 -
Missing 44 4.8 - 48 48 - 52 4.5 -

Regional health authority

Fraser 329 43.1 Ref 422 50.7 Ref 34.1 36.7 Ref

Interior 17.7 153 0.7 (0.7-0.7) 153 156 0.9 (0.9-0.9) 20.8 16.1 0.7 (0.7-0.7)
Northern 68 49 0.6 (0.5-0.6) 45 87 1.6 (1.6-1.7) 9.1 52 0.5(0.5-0.5)
Vancouver coastal 23.0 23.0 0.8 (0.7-0.8) 235 187 0.7 (0.7-0.7) 209 23.8 1(1-1)
Island 19.6 137 0.5(0.5-0.5) 14.6 64 0.4 (0.4-0.4) 15.1 18.2 1(1-1)

Population segment (HSM)

Non-user 15.6 10.2 0.5(0.5-0.5) 10.0 114 1(1-1) 238 111 0.4 (0.4-0.4)
Healthy (low user) 337 40.2 Ref 399 424 Ref 312 343 Ref

Adult major age 3.0 33 12(1.2-1.2) 33 32 1(0.9-1) 27 3.6 1.2(1.2-1.2)
18+

Child and youth 0.6 0.9 1.1 (L1-1.1) 0.9 0.8 1(0.9-1) 03 03 0.9(0.9-1)
major <18 years

Low chronic 252 259 12(1.2-12) 26.0 256 1(0.9-1) 219 286 L1(L.1-11)
conditions

Medium chronic 10.1 7.7 1.4 (1.4-1.4) 79 6.0 0.9 (0.9-0.9) 58 11.2 1.5(1.4-1.5)
conditions

Severe mental 1.6 24 1.5 (1.5-1.5) 24 27 1(1-1) 35 18 0.5 (0.5-0.5)
health and

substance use
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Cancer 1.5 15 1.5 (1.5-1.5) 1.6 12 0.8 (0.8-0.8) 1.0 17 1.4 (1.4-1.4)
Frail in long-term 0.2 0.5 6.7 (6.5-7) 0.5 0.6 1.5 (1.4-1.6) 0.1 0.4 33(3-3.5)
care

End of life 0.1 0.1 22(2-23) 0.1 0.1 0.8 (0.7-1) 0.1 0.1 1.2 (1.1-1.4)
Missing 23 0.1 0(0-0) 0.1 0.1 0.6 (0.5-0.7) 52 0.0 0(0-0)

Number of physical health conditions (CDR)

0 59.7 62.4 - 62.2 64.5 - 69.6 54.7 -
1-2 30.7 28.7 = 28.8 284 - 254 33.8 .
3+ 9.6 8.8 - 9.0 7.1 - 5.1 115 =

Number of mental health conditions, including substance use (CDR)

0 68.6 63.1 - 62.8 663 - 65.5 62.6 -
1-2 28.0 320 - 324 286 - 27.9 335 -
3+ 3.5 4.9 . 4.8 52 - 6.6 39 =

2OR, adjusted odds ratio; CI, confidence interval; CDR, chronic disease registry; HSM, health system matrix. Analysis includes testing, case and vaccination data to November 30th, 2021 (pre-Omicron period) and limited to individuals identified in client roster as
beinga BC resident in 2018/2019, 2019/2020, and 2020/2021 fiscal years. We excluded individuals who died on or prior to November 30th, 2021; received a non-mRNA vaccine or vaccine administered out of vaccine during study period; or had missing data on sex,
age or geography. Latest HSM and CDR data were from the 2018/2019 and 2019/2020 fiscal year, respectively, leading to some misclassification. Odd ratios in table were derived from three separate multivariable logistic regression models assessing factors associated
with “Yes” for the three different dependent variables (ever tested, diagnosed, fully vaccinated). All covariates in table were included in the multivariable models, with exception of social deprivation and number of health conditions—due to collinearity with other
variables in model. Children <12 years of age were excluded from vaccination model as vaccination had not yet been rolled out in this population. Physical health comorbidities included circulatory diseases, respiratory diseases, neurological disorders, musculoskeletal
disorders, kidney diseases, and circulatory diseases. Mental health comorbidities included mood and anxiety, depressive, schizophrenia and delusional, and substance use disorders. References for more information on CDR and HSM can be found in notes for Table 1.
Material/social deprivation is based on the Index of Material and Social Deprivation developed by the Institut national de santé publique du Québec (27).
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Data source

Description

Refresh

frequency

Key measurements
(outcomes, covariates,
potential confounders)

COVID-19 datasets

of population

Census. Available at the level of the Dissemination Area
(approx. 400-700 people).

Integrated lab dataset COVID-19 laboratory tests conducted by private and Daily January SARS-CoV-2 case status, viral lineage/variant
public laboratories across BC. Includes RT-PCR 2020-onward of concern
diagnostic test results as well as results from single
nucleotide polymorphism screening and whole genome
sequencing.

Case surveillance Information on confirmed and epi-linked cases sent to Daily January SARS-CoV-2 case status, sociodemographics
BCCDC on a daily basis by the individual regional 2020-March (sex, age, geography), severity of infection
health authorities. These case data were compiled into a 312022 (hospitalization, ICU admission, death)
single line-list at the BCCDC.

Vaccinations Provincial Inmunizations Registry covering all Daily December Vaccination status, vaccine type, vaccine dose
COVID-19 vaccinations administered in BC, in 2020-onward
addition to some doses administrated out of province.

Provincial COVID-19 Daily hospital census data from acute care facilities Daily January Severity of infection (hospitalization, critical

monitoring solution across the province. 2020-onward care/ICU admission),

interventions/treatments (e.g., mechanical
ventilation), length of stay

Administrative health datasets, laboratory data, provincial registries

Client roster Demographic and geographic information for Monthly 2008/09- Sociodemographics (sex, age, geography)
individuals accessing the publicly funded universal onward
health insurance program (Medical Services Plan).

Medical services plan Records of all fee-for-service provider visits billed to the | Daily/monthly* | 2008/09- Healthcare utilization, health conditions and
provinces universal health insurance program. Includes onward co-morbidities.
outpatient visits to physician offices and some services
provided in inpatient settings.

Discharge abstract Captures discharges, transfers, and deaths occurring in | Weekly 2008/9- Severity of infection (hospitalization, ICU

database acute care hospitals in BC. onward admission); length of stay; healthcare

utilization, health conditions and
co-morbidities; interventions/treatments
(e.g, medical procedures/supports)

Emergency department Emergency department visit data sent to the BCCDC Daily March Severity of infection; healthcare utilization,

visits by the individual regional health authorities. 2020-onward health conditions and co-morbidities
Incomplete provincial coverage.

National ambulatory A national database designed to capture informationon =~ Weekly 2011/12- Severity of infection; healthcare utilization,

care reporting system patient visits to hospital-based and community-based onward health conditions and co-morbidities
ambulatory care. Incomplete provincial coverage.

Provincial laboratory Comprehensive diagnostic laboratory test results from Daily January Health conditions and co-morbidities

information solution private and public laboratories across British Columbia 2020-onward
(captures 95% of private/public laboratory tests in
province).

Respiratory data mart Respiratory disease test results (e.g., influenza, RSV). Daily January Health conditions and co-morbidities
Incomplete provincial coverage. 2008-onward | (respiratory only)

PharmaNet An online, real-time system that captures all Weekly 2008/9- Health conditions and co-morbidities;
prescriptions for drugs and medical supplies dispensed onward interventions/treatments (e.g.,
from community pharmacies in the province. nirmatrelvir/ritonavir)

Vital statistics The Vital Statistics Agency registers all deaths that Daily 2008-onward Severity of infection (death)
occur in British Columbia.

Chronic disease registry Derived flags for chronic health condition for all Annual 2019/2020 Health conditions and co-morbidities
individuals registered in the provinces universal health
insurance program (Medical Services Plan). Based on
standard provincial algorithms that draw upon other
administrative datasets with information on physician
visits, hospitalizations and medication dispensations.

Health system matrix The BC Ministry of Health’s approach to understanding |~ Annual 2018/2019 Healthcare utilization, health conditions and
the complexity and patterns of health care needs in a co-morbidities
population. Summarizes information from multiple
databases into a single dataset with derived,
individual-level variables reflecting frequency/intensity
of healthcare use.

Population grouper Developed by the Canadian Institute of Health Monthly to 2008/09~ Healthcare utilization, health conditions and

methodology Information. Draws upon multiple data sources to annual onward co-morbidities
build clinical, disease, and demographic profiles at the
individual-level to better understand the population’s
healthcare needs.

811 call data (respiratory | A free-of-charge health information/advice phone line | Bi-weekly 2014-onward

and COVID-19 related operated by HealthLink BC, which is part of the

calls) Ministry of Health. Patients can receive assessment of
symptoms and, if necessary, information on testing and
other next steps.

Statistics Canada census Geographic-level data from the Statistics Canada 5 years 2016 Socioeconomic status (e.g., household

income, employment, education).

AThere are two Medical Service Plan datasets: Unadjudicated (available on a more timely basis and is refreshed daily) and adjudicated (more lagged and is refreshed monthly). For more

information on the Chronic Disease Registry, Health System Matrix, and Population Grouper Methodology datasets see http://www.bccde.ca/resource-gallery/Documents/Chronic- Disease-
Dashboard/BC%20CDR%20Methodology%200verview%202018-19.pdf, https://www2.gov.bc.ca/assets/gov/health/forms/5511datadictionary.pdf and https://www.cihi.ca/sites/default/files/
document/cihi-population- grouping- methodology-v1_3-overview- outputs- manual-en.pdf, respectively.
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