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Abstract

The COVID-19 Vaccination Linked Data Repository (CVLDR) was established in 2021 to
assist with the implementation and management of the COVID-19 vaccination program in the State
of Western Australia (WA). The CVLDR contains a number of datasets including the Australian
Immunisation Register, hospital admissions, emergency department attendances, notifiable infectious
disease, and laboratory data. Datasets in the CVLDR are linked using a probabilistic method at the
WA Department of Health. Quality assurance mechanisms have been established to identify and
mitigate potential errors in the linkage. Each of the datasets has varying degrees of data quality
and completeness, however most are of high standard, underpinned by legislation. The linking of
the datasets within the CVLDR has allowed for increased public health utility in the immunisation
program including the areas of vaccine safety, effectiveness, and coverage.
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Introduction

In recent years, the data delivery paradigm of ‘linked data
repositories’ has become more common. While traditional
linked data extracts were typically tailored for a specific
piece of analysis, linked data repositories may host holistic
datasets applicable, and able to be utilised by a range of users.
Currently in Australia, a number of States and Territories are
using data linkage for monitoring of immunisation activities in
the COVID-19 response. Globally, the United States Centres
for Disease Control have used data linkage for vaccine
safety and effectiveness monitoring since 1990 [1] and several
other countries are using population-level data linkage for
monitoring COVID-19 immunisation program outcomes [2–
5]. Such linkage projects allow rapid matching of data such
as demographics, vaccination status, pathology results and
hospitalisations, which help to inform the pandemic response.

In Western Australia (WA), immunisation programs are
managed by the WA Department of Health (WADOH), and
are responsible for the planning, management, education, and
monitoring of all National Immunisation Program vaccines,
as well as seasonal vaccinations. In preparation for the start
of the COVID-19 vaccination program, there was a need
to include immunisation data to existing linked datasets to
improve the program’s capability to monitor and analyse the
safety and effectiveness of COVID-19 vaccines. Consequently,
the COVID-19 Vaccination Linked Data Repository (CVLDR)
was created to assist with the public health management of
the COVID-19 immunisation program. This article describes
the development of the CVLDR, with a focus on the Australian
Immunisation Register (AIR), including its governance,
technical design, early usage, and key benefits in WA.

Methods

Overview and purpose of dataset

The CVLDR consists of a number of State-Wide datasets,
including data from public and private hospitals and pathology
laboratories (Figure 1). The ‘backbone’ of the CVLDR is the
AIR, which is the whole of-life immunisation register of all
vaccinations received in Australia and overseas. In April 2021,
the Commonwealth Department of Health approved the AIR
to be linked in all State and Territory Health Departments
around Australia, allowing greater public health capabilities to
monitor immunisation program activities including;

• monitoring coverage, safety, and effectiveness of
vaccines across Australia

• identifying under-vaccination rates in specific areas of
Australia that may be at greater risk of disease outbreaks

• immunisation policy and research

• eligibility for certain family assistance payments

• entry to child-care and school

• proof of vaccination for employment or travel purposes

Another dataset that was linked in 2021 was the WA Vaccine
Safety Surveillance (WAVSS) system. This is the reference

database for analysing and reporting serious adverse events
following immunisation (AEFI). The WAVSS system accepts
reports from both clinicians and the public, without the
prior need to attribute causation [6]. The system is primarily
designed to capture and investigate serious and rare adverse
events, with referral services to immunology clinics [7]. Post-
licensure surveillance of AEFIs is an important component of
any immunisation program and is essential for maintaining
public and provider confidence.

CVLDR data governance

The access, use, and disclosure of AIR data is governed by
the Australian Immunisation Register Act 2015 (‘the AIR
Act’). The AIR Act describes a range of approved functions
for which AIR data can be used. Additionally, the AIR Act
permits certain use and disclosure of identifiable AIR data
by ‘prescribed bodies,’ which include all State and Territory
Health Departments. The linkage of the WAVSS dataset was
approved on the basis that it is consistent with the collection’s
purpose of vaccine safety surveillance.

The WADOH is the custodian of the CVLDR, which
is stored on a secure, password protected server at the
department. The CVLDR can only be accessed through the
department’s network by immunisation staff that use the
database for their public health work activities. WADOH’s
delegated custodianship enables the sharing of AIR data
with third parties, provided that the necessary application
and approval protocols are met. Similarly, WADOH has the
ability to share data from the remaining CVLDR datasets,
provided that the purpose for sharing is consistent with
relevant legislation and policies. There is significant potential
in making these linked datasets available to third parties for
research, however the CVLDR itself was approved for WADOH
operational use and not intended for direct access outside of
this context. Therefore, any requests by third parties would be
carried out through pre-existing mechanisms for the release of
linked data.

Probabilistic linkage of immunisation data

Customised field matching algorithms are employed to
compare the AIR and WAVSS records to a wide range of
datasets within the linkage system (not just those of interest
for immunisation analysis), to ensure the largest possible yield
of correct links [8]. This includes, but is not limited to, birth
and death registrations, hospital admissions, and electoral roll
data. Different datasets may contain different fields and be
subject to different formatting, codification and standards of
quality and completeness. These variations inform how the
data is strategically processed, cleansed, and linked. In the
case of the AIR and WAVSS linkages, data is cleaned and
standardised to align with other datasets within the linkage
system.

A range of quality assurance mechanisms are also utilised
by the Linkage Team to identify and mitigate potential linkage
errors, such as chain sampling or duplicate sampling. When
a new AIR record tries to link to a chain with an existing
AIR record, a dynamic ‘link flagging’ system identifies unlikely
or impossible events such as a vaccination occurring after
death [9].
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Figure 1: Visual of the COVID-19 Vaccination Linked Data Repository (CVLDR)

Following linkage, the AIR and WAVSS data and associated
linkage keys are loaded into the WADOH Data Warehouse,
which is a SQL Server database maintained, accessed, and
used by WADOH staff. Linkage keys are shared between the
datasets, enabling them to be integrated as the CVLDR. At
time of writing, the CVLDR contains linked records for over
2.9 million people.

Results

Data quality and completeness of data

The quality of any administrative data impacts the quality
and timeliness of its linkage. Incomplete and inconsistent
demographic data require additional manual review of
potential matches, sometimes resulting in ‘missed’ links. Work
on this project has highlighted the importance of robust data
sources. The AIR data is received via the Commonwealth’s
portal, which required a time-consuming, manual process of
downloading and transferring files. Due to the lack of stable
and unique record identifiers in the initial available AIR data,
this has impacted the completeness of the linkage, however the
move to the automated feed is expected to mitigate this issue.

All datasets used within the CVLDR are secondary datasets
which have been collected for administrative purposes. As
such, the potential for measurement bias exists if variables
are recorded incorrectly. This is of particular concern if any
variables are not missing at random i.e. there is a higher
propensity for missing variables in certain subpopulations. In
addition, any analyses conducted using these data collections
are only able to control for potential confounders already
contained within the CVLDR, and as such there may be
some uncontrolled residual confounding. To the best of our
knowledge, there are no systematic data recording errors that
affect the use of these data collections to make inferences
about this population. Specific source of potential bias related

to each data collection are detailed below. Table 1 provides a
summary of the datasets within the CVLDR, including a brief
description and how often the dataset is updated and linked.

Australian Immunisation Register (AIR)

Everyone in Australia who holds a Medicare card or receives
a vaccine, should have a record within the AIR. The accuracy
and completeness of data reported in AIR have been previously
assessed and found to be high [10], and likely improved since
a law requiring providers to upload vaccination records to the
AIR within 10 days of vaccine administration came into effect
on 1 July 2021 [11–13]. At the time of writing, access to the
AIR data is being transitioned from downloaded files to an
automated feed. This will improve the quality of the AIR, as
people without a Medicare number will be able to be included
in the data. A small subsection of the population; those with
neither a Medicare number or any vaccination records will not
be recorded in the AIR.

Emergency Department Data Collection (EDDC)

Only one primary ICD-10 diagnosis can be selected for an
attendance at the emergency department. The diagnosis code
is often selected before all examinations and testing have
been conducted, therefore the diagnosis code does not always
correspond to the main reason for attending the hospital. The
EDDC dataset however could be used for rapid onset events
that have an obvious clinical presentation compared to more
complex conditions, or those that present with generalised
symptoms. The EDDC data dictionary can be found through
this link.1

1Data Dictionary - EDDC (health.wa.gov.au)
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Table 1: Datasets held in the COVID-19 Vaccination Linked Data Repository (CVLDR)

Dataset Information Description Update Linkage Linked prior to
used frequency frequency COVID-19

Australian
Immunisation
Register (AIR)

Vaccination
records

National register that records
vaccinations given to everyone in
Australia.

Daily Weekly (soon
to be daily)

No

Emergency
Department Data
Collection (EDDC)

Emergency
Department
attendances

Patient level data for all public and
private emergency department
attendances, Only one ICD-10 primary
diagnosis code for each attendance.

Daily Weekly Yes

Hospital Live
Admissions

Hospital
admissions

Collects information on admissions and
inter-ward transfers in public and
private hospitals. Data is rapidly
available but not cleaned.

Every 3 hours Daily No

Hospital Morbidity
Data Collection
(HMDC)

Hospital
admissions

Reference database for all public and
private hospital admissions. Data is
cleaned and ICD-10 coded by a data
quality and clinical coding team.

Daily Monthly Yes

Public and private
pathology
COVID-19 test
results

Pathology Positive and negative PCR COVID-19
tests, COVID-19 rapid antigen tests and
serology results from public and private
laboratories.

Twice daily Daily Yes

WA Notifiable
Infectious Diseases
Database
(WANIDD)

Infectious
diseases

Contains patient information on
notifiable infectious diseases

Daily Daily Yes

WA Registry of
Deaths

Deaths All deaths are legally required to be
reported to the Registry of Deaths. The
cause of death and contributing factors
are detailed.

Weekly Fortnightly Yes

WA Vaccine Safety
Surveillance System
(WAVSS)

Adverse events
following
immunisation
reports

Reporting service for patients and
providers for any adverse events
following immunisation.

Daily Daily No

Hospital live admissions

Hospital live admissions gives a ‘current snapshot’ of everyone
currently in hospital (including emergency departments) in WA
and is updated every three hours. This dataset contains limited
information on patient demographics, along with data on the
hospital and ward. There is a ‘free text’ field with the reason
for presentation/admission, however this is not systematically
coded and is not reliable for identifying conditions of interest
compared to ICD-10 codes in other collections. This collection
however has potential for rapid identification of all cause
hospital admissions for vaccine safety surveillance.

Hospital Morbidity Data Collection (HMDC)

The HMDC is the quality assured, reference database for
hospital admissions. The ICD-10 coding process is undertaken
by professional coders and a data quality team. For each
hospital admission, an ICD-10 code is assigned for the
principal diagnosis, and any number of secondary codes can be
allocated. A condition onset flag is allocated for each ICD-10
code to indicate if the event was observed to have occurred
during their admission, rather than the person presenting to

the hospital with the condition. The HMDC data dictionary
can be found through this link.2

Pathology data

There are a number of notifiable conditions covered by the
Public Health Act 2016, including COVID-19, which require
mandatory reporting of positive specimens from both public
and private laboratories. During the pandemic, data was
received multiple times a day to meet reporting demands.
However, this frequency will likely reduce to pre-pandemic
times. Pathology data contains limited demographic fields
along with information on the notifiable disease and is
considered highly accurate.

Western Australia registry of deaths

By law, a medical certificate cause of death must be completed
within 48 hours of a death in Western Australia and given to
the funeral service. The funeral director has 14 days from the
funeral service to notify the register [14]. For each death, the

2Hospital-Morbidity-Data-Collection-Data-Dictionary-2022.pdf
(health.wa.gov.au)
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cause of death and contributing factors are written in a free
text field and linked to the CVLDR. Due to a long coding
delay, ICD-10 coded death data are not available for around
two years after the event.

Western Australia Notifiable Infectious Diseases Database
(WANIDD)

The WA Notifiable Infectious Diseases database (WANIDD)
contains information on notifiable infectious diseases that
have been reported by healthcare providers or laboratories, as
required by law. This collection is considered the ‘source of
truth’ for notifiable infectious diseases, with data transmitted
from WANIDD to the National Notifiable Disease Surveillance
System. This contains demographic data, along with relevant
fields for outbreak management and reporting.

Western Australia Vaccine Safety Surveillance System
(WAVSS)

Data from WAVSS contains information from the public or
clinician regarding AEFIs, including clinical follow up notes
from dedicated WAVSS nurses. This system is used to meet
reporting obligations for adverse drug reactions to the national
body, the Therapeutic Goods Administration of Australia. As
a passive reporting system, this relies on a patient or clinician
to report an event, and therefore does not capture every AEFI.

Dataset structure and variables

As the backbone of the CVLDR, individuals within AIR
are all assigned a unique identifier. This same identifier is
repeated across all data collections in the CVLDR, meaning
that all datasets within it are able to be linked together. The
collections remain as separate tables, with analysts joining
these datasets using the unique identifier to create specific
data ‘views’ in order to answer questions of public health
significance.

Key demographic variables common across the datasets
include age, sex, Aboriginality, and postcode of residence. For
a subset of persons who appear in hospitalisation or notifiable
disease datasets, information about country of birth, languages
spoken, and occupation are also collected. As administrative
datasets, there are a large number (>500) of variables with
different levels of use for the stated purposes of the CVLDR.
The datasets are commonly used to create variables denoting
the presence or absence of a condition of interest, such as
a notifiable disease, receipt of vaccination or hospitalisation
proximal to vaccination or to a positive test.

Discussion
The use of secondary data from large administrative datasets
has several known limitations. These data are collected for
the purposes of monitoring and reporting on health system
activity, rather than epidemiological analysis. Therefore, there
are several key variables not available within the linked
collection. Potential confounders such as comorbidities may
be better assessed using data from General Practice or the
Pharmaceutical Benefits Scheme. As these collections are not
available in WA for linking, comorbidities cannot be directly

controlled for in statistical analyses, hence proxy measures are
required.

From a safety monitoring perspective, people in residential
aged care or disability care facilities are more likely to
be prioritised for some vaccinations (including particular
brands of vaccine) and have an increased likelihood of
presenting to an emergency department or being admitted
to hospital. This is due to either increased medical frailty,
or a potentially serious AEFI. Epidemiological analysis in this
group may be difficult without the ability to control for existing
comorbidities. Potential strategies to address these limitations
include restrictions based on age to remove possible aged care
residents or using the number of hospitalisation episodes in the
12 months prior to vaccination for select conditions of interest
as a proxy measure.

Similarly, the inability to control for differential exposure
risk profiles based on occupation (e.g., healthcare or
quarantine hotel workers), has implications for the accurate
assessment of vaccine effectiveness. Additionally, controlling
for the number of COVID-19 polymerase chain reaction (PCR)
tests an individual has received, could be used as a proxy
measure to identify people in high-risk occupations, who
undertake regular testing or screening.

Applications and usage

Applications for vaccine safety

Existing systems to detect safety signals or monitor rare
but serious events rely on either a provider or patient to
report an AEFI in a timely manner. Data linkage removes
the need for third-party reporting of hospital encounters post-
vaccination by allowing linkage between the AIR and hospital
data collections in WA. This means that cases with potential
conditions of interest can be proactively identified if they have
contact with the hospital system post vaccination.

The CVLDR has already been used to assist with
case finding of adverse events of special interest, including
potential thrombosis with thrombocytopenia syndrome cases
following COVID-19 vaccination. Linked data from the AIR,
inpatient hospitalisation, emergency departments, deaths and
WAVSS are consolidated into a single extract which provides
aggregated information about vaccine recipients and their
post-vaccination contacts with the health system. Clinical
experts review this extract to identify suspect AEFIs for
further investigation, and helps ensure more complete capture
of these cases, which may otherwise be undetected by pre-
existing reporting mechanisms. In addition, local protocols
to prospectively use linked hospitalisation and emergency
department presentation data for signal detection are currently
being developed.

Applications for vaccine effectiveness

Along with vaccine safety monitoring, a population-wide
linked data collection also has applications for vaccine
effectiveness. With the introduction of several new vaccines
for COVID-19, there is significant interest in assessing
the effectiveness of vaccines against COVID-19 infection,
hospitalisation, and death. Additionally, information regarding
vaccine effectiveness against variant strains of concern will be
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important for the planning of the COVID-19 immunisation
program in the future.

There are limitations with several of the most common
methodologies to assess vaccine effectiveness, including the
challenge of enrolling the large sample sizes required,
particularly for sub-analyses of specific age groups or certain
strains of pathogens [15]. Having access to vaccination,
testing, hospitalisation, and mortality data will allow
timelier and more precise estimates of vaccine effectiveness.
Additionally, future use of data linkage for assessing the
effectiveness of the seasonal influenza vaccine is being explored
and would allow for data to be analysed earlier in the season.

Future applications

Work is currently underway to develop protocols to use
the CVLDR for other immunisations for prospective safety
signal detection and assessment of vaccine effectiveness.
Methods for the detection of safety signals using emergency
and hospitalisation data, similar to those used for post-
licensure safety monitoring of vaccines elsewhere [16], are
being validated. WA has also joined a global consortium of
countries developing methods for rapid cycle analysis called
the Global Vaccine Data Network [17]. Assessment of vaccine
effectiveness against the SARS-CoV-2 Omicron strain is in
progress, and the system is being developed and the system is
being developed in preparation for future outbreaks. Another
application of the CVLDR is to monitor the impact of ‘long
COVID’ and if prior vaccination reduced a person’s risk of
ongoing sequalae.

Conclusion

As noted, the applications for this system to assess
vaccine safety and effectiveness go beyond the COVID-19
pandemic, with potential access to vaccination, pathology,
and morbidity/mortality data for the National Immunisation
Program vaccines. The potential inclusion of further data
collections which may improve the accuracy of information
and the ability to target and better understand subpopulations
of interest are also being explored. These include information
on healthcare access, comorbidities, and other conditions
of interest such as pregnancy, culturally and linguistically
diverse populations, disability, residential aged care status
and socio-economic status. Building a comprehensive linked
data collection will allow WADOH’s Immunisation program to
maximise the potential of this resource.
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