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Abstract  

Immunisation has an immense impact on preventing morbidity and mortality worldwide. However, among 

healthcare providers, governments and the public, there is low tolerance for risk associated with vaccines, 

given they are used in large, healthy populations to prevent rather than treat disease. Although vaccines 

used in Australia have an excellent safety profile, and are registered and recommended only after they have 

been shown to be safe and effective in large, pre-licensure clinical trials, rare, late and population-specific 

adverse events following immunisation (AEFI) may occur. While the temporal occurrence of an event after a 

vaccine does not confirm a causal relationship with vaccination, post-marketing safety surveillance (also 

known as vaccine pharmacovigilance) is essential to ensure the ongoing favourable benefit–risk profile of 

each vaccine, as both a registered product and in the program setting. Robust vaccine pharmacovigilance is 

also necessary to maintain confidence in the safety of vaccines, so that immunisation coverage remains high 

and is not impacted by vaccine hesitancy.  

Vaccine pharmacovigilance is traditionally undertaken through spontaneous (or passive) reporting systems, 

including in Australia. While valuable for signal identification, such systems are widely recognised to be 

limited by underreporting, stimulated or variable reporting, and inconsistent data quality. Additional 

modalities, including active surveillance, are required to fully characterise the safety profile of vaccines 

within populations and sub-populations. Further, signals may be detected through spontaneous reporting 

systems that require confirmation and investigation, including through methodologically robust comparisons 

between vaccinated and unvaccinated populations. As surveillance and data analytic technology evolve, the 

development of more tailored solutions is possible.  

Australia’s vaccine safety journey has evolved considerably over the past decade. Australian investigations 

into safety issues related to human papillomavirus (HPV) and rotavirus vaccines between 2007 and 2010 

contributed to global evidence supporting a positive benefit–risk profile. However, in 2010, a significant 

safety issue was identified in Australia after febrile seizures in children were associated with one brand of 

influenza vaccine, leading to a program suspension. This prompted the modification and development of 

Australian vaccine pharmacovigilance systems. Now, in 2021, both passive and active surveillance systems 

are routinely used to monitor vaccine safety in Australia, and specific studies continue to be conducted as 

required. However, additional pharmacovigilance opportunities exist. Methods that utilise large, and ideally 

linked, electronic healthcare databases have not developed to the extent that has occurred in some other 

comparable countries. There has been no published review or overview of the entirety of Australia’s safety 

systems since 2013, and it remains unclear whether systems have evolved sufficiently to robustly monitor 

vaccine performance in the current era. In particular, introduction of global, population-wide COVID-19 
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immunisation programs using novel vaccines is presenting unprecedented challenges in terms of both 

pharmacovigilance and public confidence.  

This thesis hypothesises that multi-faceted and adaptive vaccine pharmacovigilance methods, implemented 

strategically, are necessary to monitor vaccine safety in Australia and to inform ongoing benefit–risk 

assessment for vaccines and immunisation programs. Further, this thesis proposes that Australia can 

contribute to an international body of evidence through strengthening its own pharmacovigilance systems, 

thereby supporting immunisation programs globally. 

Anchored in the analysis of two vaccines that have presented vaccine safety challenges (HPV vaccine and live 

attenuated herpes zoster vaccine [ZVL]), this thesis assesses the value and limitations of Australia’s current 

vaccine pharmacovigilance system through analysis of cumulative data from multiple sources. The 

exploration begins in Chapter 1 with a review of HPV vaccine safety, drawing on data from across the globe 

gathered via different pharmacovigilance modalities, and highlighting the unjustified loss of confidence that 

may result from assumptions based on insufficient evidence. The following three chapters present published 

papers that explore the safety profile of these two vaccines using either longstanding or emerging Australian 

pharmacovigilance modalities. Chapter 2 continues the focus on HPV vaccine in a detailed analysis of the 

Australian spontaneous reporting system over 11 years, including 2 years of enhanced surveillance data. The 

study confirms the validity of using spontaneous surveillance (particularly when enhanced) and the absence 

of any unexpected safety signals; simultaneously this chapter also describes inherent system limitations and 

the challenge of relying on this type of data in isolation.  

The third chapter presents an analysis of Australia’s active surveillance system (AusVaxSafety-Active), which 

was developed to supplement the spontaneous reporting system following the events of 2010. While the 

AusVaxSafety system was initially designed to monitor short-term reactogenicity (including fever) after 

influenza vaccine in children, using automated parent surveys, it has progressively expanded, and this study 

explores its utility for a live vaccine (ZVL) in older adults. The analysis confirms the validity and adaptability of 

AusVaxSafety-Active for profiling reactogenicity in near-real time, including in older adults, but highlights its 

limitation in monitoring rare, later onset AEFI. To address this limitation, systematic approaches to 

interrogate population-level databases are required. Chapter 4 explores such an approach to examining the 

safety of ZVL using the self-controlled case series methodology within a novel primary care (general practice) 

data source never previously used for vaccine pharmacovigilance in Australia. No safety signals were 

identified. While the study validates this methodology, it highlights the limitations of using primary care data 

in isolation, as this does not enable complete ascertainment of serious or hospitalised AEFI. 

In the final chapter, a qualitative study is presented which aims to understand the perceptions of key 

stakeholders on the progress of Australia’s vaccine pharmacovigilance system since the unexpected events 
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of 2010, and its readiness to monitor COVID-19 vaccine safety. Based on input from expert informants, this 

study identifies significant innovation within Australia’s suite of vaccine safety modalities. However, it also 

identifies the need for system integration, and the clear requirement for access to large, population-level 

databases (including those based on linked data) in which to conduct active surveillance and test safety 

signals using robust epidemiological methods. This study has been submitted for publication. 

The thesis concludes by confirming that multi-faceted and adaptive vaccine pharmacovigilance methods 

must be strategically implemented as immunisation programs evolve, including expansion of programs to 

protect people across the lifespan and to enable global recovery from the COVID-19 pandemic. Australia has 

the opportunity to strengthen country-level systems and enhance its global contribution to vaccine 

pharmacovigilance. The thesis concludes with the following recommendations:  

1. Develop nationally coordinated and systematic approaches for population-level active surveillance 

within a strategic framework that facilitates streamlined access to large, linked patient cohorts; 

analysis using robust epidemiological methods; and rapid adaptation to new pharmacovigilance 

challenges.  

2. Better integrate Australia’s suite of pharmacovigilance resources to create a multi-faceted and 

adaptive system that can rapidly respond, in a coordinated manner, to vaccine safety challenges 

under real-world conditions. 

3. Vaccine pharmacovigilance should be focused, purposive and informed by clear governance 

structures that value and drive innovation, with representation from both government and public 

health organisations, and benchmarking through a regular monitoring and evaluation framework.  

4. Peak national organisations should leverage opportunities to contribute to an international body of 

evidence in vaccine pharmacovigilance as part of a global community. 

5. Ensure that the healthcare community and the public contribute to vaccine pharmacovigilance and 

are well informed about the risk of vaccines in relation to their benefit. 
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Introduction  

Immunisation is widely cited as one of the most successful public health interventions in history, preventing 

around 2 million child deaths each year, with many more deaths potentially preventable if vaccines were 

fully utilised in underreached populations, and with expansion of coverage to adolescents and adults. (1-4) 

Modern vaccines generally have an excellent safety profile (5); in Australia and globally, they are registered 

and recommended for use only once they are shown to be safe and effective in clinical trials with many 

thousands of participants. However, as with all medicines, adverse events can occur following vaccination – 

either causally or in a temporal context.  

Given that immunisation programs may be delivered to millions of individuals, ongoing pharmacovigilance is 

essential in the post-marketing phase to detect, assess and respond to rare and later-onset adverse events, 

which clinical trials are not powered to detect. (5, 6) Further, there is a need to identify any safety issues in 

sub-populations who may not have been included in clinical trials. (5, 6) Unlike other medicines, vaccines are 

largely administered to healthy populations, including children and adolescents; consequently, and 

rationally, there is a low tolerance for risk. (7) As post-marketing data emerge, the benefit–risk balance of 

vaccines at the individual and population levels must be systematically reviewed, considering both the 

profile of the vaccine as a registered product and the impact on the immunisation program more broadly. (8)  

An adverse event following immunisation (AEFI) is ‘any untoward medical occurrence which follows 

immunisation and which does not necessarily have a causal relationship with the usage of the vaccine; the 

adverse event may be any unfavourable or unintended sign, abnormal laboratory finding, symptom or 

disease’. (5, p.10) Pharmacovigilance mechanisms must be robust and agile enough to rapidly investigate 

reported associations, assess causality, determine whether the benefit–risk profile remains favourable in 

different contexts, and provide data for effective communication. (5, 9) The science and outputs of vaccine 

pharmacovigilance are inexorably linked to vaccine confidence, which is influenced by perception of risk, 

temporal associations between vaccines and medical events (the assumption of ‘post hoc ergo propter hoc’), 

and trust in the companies that produce vaccines and agencies, including Governments, that promote 

vaccination. (10) Vaccine hesitancy was considered by the World Health Organization (WHO) as one of the 

top 10 threats to global health in 2019 (11), with reduced confidence in immunisation programs and reduced 

coverage linked to outbreaks of vaccine-preventable disease globally (7), including in Australia. (12) The 

WHO’s Immunisation Agenda 2030 articulates the risks to public health associated with stalled or regressing 

immunisation programs, and the potential for complacency to undermine successes. (4) 

In 2021, there is concern that vaccine hesitancy could threaten recovery from the COVID-19 pandemic. (13) 

Within a few months of program implementation globally, several safety signals have required urgent review 
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to assess association, causation, and the benefit–risk balance of COVID-19 vaccines. (14-16) The emergence 

of a new rare but serious AEFI, most commonly referred to as thrombosis with thrombocytopenia syndrome 

(TTS), that appears to have a plausible causal association with at least two of the adenovirus-vectored 

COVID-19 vaccines, is challenging vaccine pharmacovigilance systems and risk communication globally. (16, 

17) Based on post-marketing surveillance data, the risk of TTS appears higher in younger adults; yet, the 

epidemiology of COVID-19 varies by country and by age and some countries do not have access to 

alternative vaccines. (18, 19) Because of these complexities, benefit–risk assessments in a number of 

settings, including Australia, have focused on clinical guidance for the immunisation program, or regulatory 

warnings, rather than withdrawal of registration or program cessation. (18, 20, 21) Such complexity 

underpins the need for systematic, purposive pharmacovigilance, clear communication of benefit and risk, 

and maintaining global linkages. 

Mechanisms for vaccine pharmacovigilance 

Vaccine pharmacovigilance systems (also called post-marketing safety surveillance systems) aim to identify 

and characterise AEFIs, including vaccine product-related reactions, vaccine quality defect-related reactions, 

immunisation error-related reactions (due to inappropriate handling, prescribing or administration), 

immunisation anxiety-related reactions, and coincidental events. (5) Pharmacovigilance systems must ensure 

the quality manufacture and administration of vaccines, and the safe delivery of vaccines in the context of 

the immunisation program. Their key function is to identify potential safety signals, confirm the validity of 

those signals, and investigate whether the identified AEFI is causally related to vaccination, by using 

epidemiological data and assessing evidence of a biologically plausible mechanism. (9, 22) A prompt 

response is essential to minimise harm associated with either the vaccine or the impact on vaccine 

confidence. (5, 22)  

As for any disease surveillance system, vaccine pharmacovigilance systems can be passive, active or 

enhanced. Passive (or spontaneous) reporting systems are established in some, but not all, countries globally 

and have been progressively improved over decades; examples include the Vaccine Adverse Events 

Reporting System (VAERS) in the United States (US), and the Medicines and Healthcare products Regulatory 

Agency (MHRA) Yellow Card system in the United Kingdom (UK). (23, 24) The WHO recommends that all 

countries have an effective passive surveillance system that can monitor and respond to AEFI, including for 

COVID-19 vaccines. (5, 25) Such systems rely on reports from healthcare providers, pharmaceutical 

companies and the public; spontaneous reporting systems can also be enhanced to target specific vaccine 

safety concerns. (26) The main value of spontaneous reporting is in the early detection of an unexpected and 

serious safety signal, which may then generate a hypothesis and further investigation. Signals may be 

detected following reports of serious cases or adverse events of special interest (AESIs), and through analysis 
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of patterns and trends over time. Ideally, AEFI rates should be derived where data on doses administered or 

distributed by age group or other demographic parameters are available. In addition, analyses can be 

conducted to assess disproportional reporting of selected AEFIs for one vaccine compared to others. (5, 23)  

However, spontaneous reporting systems have numerous inherent limitations. Such systems rely on 

reporting by clinicians or the public; underreporting and data inconsistency are common. (27) Conversely, 

reporting of specific medical events may be stimulated in response to information circulated within 

healthcare provider communities or via the media. (23) Further, spontaneous surveillance systems only 

identify the number of events in individuals who have been vaccinated; accurate data on vaccine coverage is 

not always available so it may not be possible to calculate rates. Further, there are no data on such events in 

unvaccinated populations, or on the number of vaccinated individuals who do not experience the event of 

interest. Consequently, the existence and size of any risk cannot be formally quantified (Figure 1). This 

means that any hypothesis generated from spontaneous reporting systems must almost always be 

confirmed through other methods. (5, 23) 

Figure 1 Representative 2 x 2 table for epidemiological analysis of causality of adverse events following 

immunisation  

 

  Adverse event 

  Yes No 

Vaccinated 
Yes a b 

No c d 

Rate in vaccinated = a/a+b 

Rate in unvaccinated = c/c+d 

Shaded cell represents where some information can be obtained from spontaneous  
reporting systems; however, this is inherently incomplete.  

 
 
Source: Adapted from Chen, Glanz and Vellozzi, Box 26.1, Chapter 26 of 'Pharmacoepidemiology') (28) 

Active surveillance is an important additional modality that enables the systematic collection of AEFIs. It can 

be conducted by ascertainment of cases of specific AESI, for example, at sentinel surveillance sites (known as 

event-based monitoring) or through active follow-up of a vaccinated cohort for any AEFI (cohort event 

monitoring, CEM). (5, 25) For example, sentinel active surveillance in hospitals is used widely for infectious 

diseases and has been used specifically for AEFI in some settings internationally, for example, in Canada’s 

Immunization Monitoring Program ACTive (IMPACT). (29) Hospital-based surveillance has the benefit of data 

accuracy (particularly for complex syndromes) and can be expanded to monitor specific AESI; however, it is 

resource intensive and so may be limited by the number of participating sites. (29)  
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CEM may be less resource intensive, particularly if using digital (‘eHealth’) and mobile (‘mhealth’) 

approaches; methods of follow-up include diary cards, telephone surveys, or surveys delivered via short 

message service (SMS; text message) or web-based methods. (25) CEM based on these methods may be 

powered to characterise the risk profile of a vaccine rather than identifying rare events, and may be limited 

by response rates. (5, 30) However, a cohort of individuals can also be actively monitored within large, linked 

healthcare databases such as the Vaccine Safety Datalink (VSD) in the US, which monitors selected vaccines 

in near-real time through rapid cycle analysis to identify signals within a cohort from nine large healthcare 

organisations. (31) 

To comprehensively investigate vaccine safety signals and test hypotheses, epidemiological studies are 

generally required. (5, 23, 25) These may use a variety of methods, including cohort, standard case control, 

case-centred and self-controlled case series approaches. (32) Internationally, such studies are often 

performed within large linked healthcare databases, including the VSD and others such as the UK Clinical 

Practice Research Datalink (CPRD), which includes primary and secondary care data, and routine data 

collections in Europe. (33-35) These studies have, over time, either demonstrated no link between 

hypothesised vaccine–event associations (31, 33, 36) or quantified the risk associated with some vaccine-

attributable adverse events. (37-39)  

Overview and history of vaccine pharmacovigilance in Australia  

Most vaccines in Australia are delivered free under the National Immunisation Program (NIP) and recorded 

on the national Australian Immunisation Register which has captured data on all childhood immunisations 

since 1996 (to age 7 years) and vaccines given to people of all ages since 2016. (40, 41) Australia has 

maintained high coverage for childhood vaccines over many years and has one of the most comprehensive 

publicly funded immunisation programs by global standards. The NIP is underpinned by access to Australia’s 

longstanding universal healthcare system, known as Medicare. (42)  

Australia’s spontaneous reporting system has been operated by the national medicines regulator, the 

Therapeutic Goods Administration (TGA), for decades (Table 1). The TGA is the statutory authority 

responsible for assessing the safety, quality and effectiveness of vaccines and other medicines for 

registration in Australia, and for monitoring the safety of all vaccines approved for use. (43) Reports are 

managed within the Adverse Events Management System (AEMS) database, and formal annual reports of 

AEFI rates in Australia have been published each year since 2001 as part of a collaboration between the TGA 

and the National Centre for Immunisation Research and Surveillance (NCIRS). (44, 45)  

Like similar systems internationally, providers, consumers and pharmaceutical companies can report AEFI. 

Somewhat uniquely, reporting is also a statutory obligation for healthcare providers in most (five of eight) 
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jurisdictions (Australian states and territories), and mostly occurs via jurisdictional vaccine safety surveillance 

systems before being collated nationally by the TGA in the AEMS. (46) Even in the context of legislative 

requirements, AEFI reporting still relies mostly on clinicians with an index of suspicion (27), but the statutory 

framework allows jurisdictions to conduct local public health follow-up of reported events. Jurisdictional 

surveillance mechanisms vary but include reporting via local public health units and centralised systems with 

links to state-based AEFI clinics (47, 48); clinical assessment and review occurs locally to varying degrees. 

In Australia, the spontaneous reporting system has performed well as the routine pharmacovigilance 

mechanism in some circumstances; in others, its limitations have been highlighted. In 2007, a safety signal 

for anaphylaxis following human papillomavirus (HPV) vaccine was identified through spontaneous reporting 

in one state. The TGA, together with state and territory authorities (who deliver the NIP in partnership with 

the Australian Government) investigated the reports, including through review by an expert panel. (49, 50) 

Subsequently, additional, enhanced passive surveillance activities were used when the HPV vaccination 

program was extended to males in 2013. (26) To expand pharmacovigilance for HPV, as well as other 

vaccines, a clinical network was formalised (the Adverse Events Following Immunisation Clinical Assessment 

Network [AEFI-CAN]), which now connects specialist immunisation clinics and clinicians across Australia 

(Table 1). (51) 

However, in 2010, a major safety incident occurred in Australia when an unexpected increase in fever and 

associated febrile convulsions in young children following seasonal influenza vaccination was seen with one 

vaccine brand. This very high profile issue led to temporary suspension of seasonal influenza vaccination 

programs for children under 5 years of age (52, 53), and long-term impacts on influenza vaccine confidence 

and coverage for this age group. (54, 55) While the signal was identified through the spontaneous reporting 

system, a Government-commissioned national review (53) identified concerns with the surveillance process, 

particularly around timeliness of reporting and response. These concerns were echoed by others, who 

highlighted the inherent limitations of spontaneous reporting, delays in data transmission and signal 

detection, and the need for complementary active surveillance systems. (52)   

Following these events, some researchers, clinicians and public health practitioners embarked on efforts to 

monitor reports of fever following childhood influenza vaccine, leading to development of two regional 

active electronic CEM systems (SmartVax in Western Australia and Vaxtracker in New South Wales). These 

systems were subsequently brought under the umbrella of a national Australian Government-funded system 

called AusVaxSafety-Active (Table 1). (56-58) This system collects solicited AEFI reports, via SMS or online 

surveys, from vaccinated persons (or their caregivers) across several hundred immunisation provider sites 

across Australia. It has been expanded to include all vaccines, with special focus on new vaccines and 
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program changes. (58) A simulation study has shown that if it was in place at the time, AusVaxSafety-Active 

is likely to have identified the 2010 safety signal within 3 weeks of vaccine distribution. (59)  

Australia also has an active, prospective sentinel hospital-based surveillance system (the Paediatric Active 

Enhanced Disease Surveillance [PAEDS] network) (29, 60), similar to the IMPACT system in Canada (Table 1). 

Between 2007 and 2010, the PAEDS system investigated the risk of intussusception following introduction of 

rotavirus vaccines (37), a potential concern based on experience with a previous vaccine in the US. (61) 

PAEDS data also contributed toward a national self-controlled case series analysis of verified hospitalised 

cases of intussusception. (62) The use of these mechanisms to investigate one specific AESI allowed 

Australian authorities to review the vaccine from both a regulatory and program perspective, to implement a 

parent communication strategy that the overall benefit–risk balance of rotavirus vaccines continued to be 

positive, and to contribute to the evolving global knowledge base. (37, 62, 63) Coverage for rotavirus vaccine 

is now over 90% in Australia. (41)  

Emergency department surveillance is also undertaken in some states. (64) Finally, ad hoc specialised 

studies, including using large linked databases, have been conducted by research groups in Australia; some 

proof-of-concept studies have been necessarily limited in scope, and access to data is often not timely. (65, 

66) 
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Table 1 Summary of national vaccine pharmacovigilance systems in Australia 

System TGA AEMS  PAEDS (60) AusVaxSafety-Active (58)  AEFI-CAN  

Commenced Pre-2000 2007 2014a 2014b 

Description Spontaneous reporting 

Enhanced surveillance 
for specific vaccines (26) 

Sentinel hospital-
based active 
surveillance system; 
select paediatric-
specific AESI  

Cohort event monitoring 
system (active 
surveillance) 

Network of 
vaccine specialist 
clinics and staff 
(51) 

Data collection Consumer, provider and 
pharmaceutical company 
reporting 

Submitted mostly via 
state and territory 
surveillance programs 

Specialist nurses 
screen hospital 
admission, ED records 
and lab data in 8 
tertiary, paediatric 
hospitals to identify 
selected AESIc 

Solicited AEFI reports via 
SMS surveys from 375+ 
immunisation provider 
settingsd  

Specialised 
immunisation 
clinics in most 
states and 
territories 

Review and 
analysis 

Local follow-up in some 
states 

Coded using 
standardised MedDRA® 
terms 

Clinical review of AESI 
and serious AEFI 

Signal detection (PRR 
and other methods) (67) 

Case review 

Epidemiological 
analysis 

 

Analysis of AEFI and 
medical attendance rates 
(proxy for serious AEFI) 

Signal detection (FIR 
CUSUM and Bayesian 
analyses) (59)  

Case follow-up by states 
and territories 

Clinical review 

Selected AEFI 
entered into 
database 

Analyses as 
required 

Response and 
communication 

Monthly teleconferences 
with stakeholders  

Annual AEFI reports (44) 

Searchable Database of 
Adverse Event 
Notifications (DAEN) (68) 

Safety advisories (69) 
and provider letters 

Regulatory action 

Annual reports 

Reporting to 
spontaneous reporting 
system 

Website reports (58) 

Reports to stakeholders 

Vaccine-specific reports 
and publications (70, 71) 

 

Regular 
teleconferences 
with members 
and TGA 

Specific 
publications 

Governance TGA (manages) 

ACV (independent 
advice) (72) 

Investigation and 
causality assessment 
panels (as required) 

National collaboration 
led by NCIRS 

Reference Group 

 

 

AusVaxSafety consortium 
led by NCIRS 

Expert Leadership Group 
and Advisory Committee 

AusVaxSafety 
consortium led 
by NCIRS 

 

 

ACV – Advisory Committee on Vaccines; AEFI – adverse event following immunisation; AEFI-CAN – Adverse Events Following 
Immunisation – Clinical Assessment Network; AEMS – Adverse Events Management System; AESI – adverse event of special interest; 
ED – emergency department; FIR CUSUM – fast initial response cumulative summation; MedDRA – Medical Dictionary for Regulatory 
Activities; NCIRS – National Centre for Immunisation Research and Surveillance; PAEDS – Paediatric Active Enhanced Disease 
Surveillance; PIMS-TS – paediatric inflammatory multisystem syndrome temporally associated with SARS-COV-2; PRR – provisional 
reporting ratio; SANE – serious adverse neurological events; SMS – short message service; TGA – Therapeutic Goods Administration. 

a Active participant-based surveillance (cohort event monitoring) began in 2014, with the name ‘AusVaxSafety’ adopted in 2016.  
b Clinician network meetings formalised and network secretariat established.  
c Includes intussusception, febrile seizures, SANE, COVID-19 and PIMS-TS.  
d Sites include primary care, hospitals, schools, pharmacies, community clinics and Aboriginal Medical Services.            
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Hypotheses and thesis guide 

The central hypothesis of this thesis is that multi-faceted and adaptive vaccine pharmacovigilance methods 

are necessary to monitor vaccine safety in real-world conditions in Australia and to inform ongoing benefit–

risk assessment for vaccines and immunisation programs. It is proposed that while multi-modal methods 

should be complementary, a strategic approach to the implementation and conduct of such systems is 

needed. Further, this thesis proposes that, in an interconnected world where vaccine safety concerns 

anywhere can lead to global program disruption, Australia can contribute to an international body of 

evidence through strengthening its own pharmacovigilance systems. Quality data from countries like 

Australia, based on robust scientific methods and presented in a timely manner, can support immunisation 

programs globally. Conversely, robust and timely country-level pharmacovigilance can protect Australia from 

the potentially damaging impact of safety concerns identified elsewhere, whether real or perceived, through 

evaluation and benefit–risk assessment for the local context. 

The thesis examines the evolution of Australian vaccine pharmacovigilance mechanisms since 2010, focusing 

on vaccines that have been the subject of specific safety concerns over the past 11 years, and considers the 

value and limitations of each system and method. The conception of this thesis and the work herein 

predated the COVID-19 pandemic by 4 years; however, importantly, during 2020 and early 2021, the final 

chapters of this thesis sought to explore whether Australian systems have evolved sufficiently to robustly 

monitor the safety of the COVID-19 immunisation program.  

The first four chapters of this thesis present published papers with an introduction and implications section 

to contextualise the work. Chapter 1 uses the example of HPV vaccine to examine approaches to vaccine 

pharmacovigilance. HPV vaccine, the first vaccine that aims to prevent cancer, has been impacted globally by 

case reports of complex or poorly defined disease syndromes, and parental concerns about safety. (73) This 

paper demonstrates the importance of evidence-based review to collate, assess and interpret the body of 

evidence on vaccine safety. It also describes the impact of program decisions made on the basis of limited 

evidence, and the value of robust vaccine pharmacovigilance mechanisms in resolving safety concerns.  

Chapter 2 continues with the example of HPV vaccine pharmacovigilance, examining data from Australia’s 

longstanding spontaneous reporting system over 11 years. This chapter documents the role and value of 

spontaneous reporting systems with a focus on one vaccine over time; it highlights the potential to identify 

and respond to safety signals, particularly through the use of enhanced passive surveillance. However, the 

inherent limitations of reliance on spontaneous reporting systems are also highlighted, particularly in 

relation to drawing robust conclusions about the risk of rare autoimmune and neurological conditions 

without a valid comparison to event rates in an unvaccinated population.  
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Chapter 3 describes Australia’s novel, active, CEM system (AusVaxSafety-Active), using the example of live 

attenuated herpes zoster vaccine. This chapter highlights the value of active CEM for rapid data 

accumulation and for monitoring short-term reactogenicity, via mhealth, in the older target population for 

this vaccine. However, the limitations of Australia’s CEM system in assessing the risk of later-onset AEFI are 

identified. This chapter provides evidence that while active surveillance can add significant value, it cannot 

be relied upon alone; access to data on longer-term health outcomes is needed. Further, while CEM can 

generate useful signals, comparison to an unvaccinated population is required to assess risk. 

Chapter 4 presents an exploratory analysis of a novel primary care data source – the National Prescribing 

Service’s (NPS’s) MedicineInsight program, which extracts data from general practice software systems. 

Analysis of MedicineInsight data has been proposed as a mechanism to understand later-onset AEFI and 

capture information about AEFI in relation to underlying medical conditions. The study uses the self-

controlled case series method, in which vaccinated individuals effectively act as their own controls, enabling 

estimation of risk. While the approach was able to identify expected AEFI, limitations of this primary care 

data were identified, particularly a lack of data on serious events resulting in emergency department 

attendance or hospitalisation. Exploratory analyses such as this are an essential element of moving towards 

a diverse and robust suite of vaccine pharmacovigilance mechanisms in Australia.  

Finally, Chapter 5 presents a qualitative examination of Australia’s vaccine pharmacovigilance systems over 

the past 10 years, bookended by the issue of febrile seizures following influenza vaccine in 2010 and 

COVID-19 immunisation program planning in 2020. Effective implementation of COVID-19 immunisation 

programs is essential to enable the world to exit the pandemic. With the use of novel vaccines under 

emergency authorisation, and in the face of heightened vaccine hesitancy, governments and other 

organisations globally have introduced additional layers of vaccine pharmacovigilance. (74, 75) Expert 

participants in this study highlighted the value of systems introduced in Australia since the events of 2010. 

However, they also emphasised the ongoing need for population-level active surveillance, including through 

systematic analysis of data within large linked databases, and the need for a strategic, integrated approach 

to pharmacovigilance for both the COVID-19 immunisation program and the whole NIP. A modified version 

of the content in this chapter (including some introductory content from the broader thesis) has been 

submitted for publication.  

The thesis concludes by confirming that multi-faceted and adaptive vaccine pharmacovigilance methods are 

indeed required as immunisation programs expand to additional populations and diseases, including 

COVID-19. While Australian systems are evolving and are complementary, a strategic approach to 

implementation is required to ensure a robust and efficient response to safety signals, including both the 

assessment and communication of benefit and risk. Further, within Australia’s suite of pharmacovigilance 
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resources, capacity to access population-level linked health data is lacking and must be further developed to 

enable the timely identification and evaluation of safety signals, including those that are rare or late onset, 

using appropriate epidemiological methods. This development is urgently required if Australia is to provide a 

valuable contribution to global vaccine pharmacovigilance and safeguard our own programs, both for COVID-

19 vaccines and future immunisation programs.  
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Chapter 1: Global pharmacovigilance methodology – strengths and 

impediments, the example of human papillomavirus vaccine 

1.1 Introduction 

The key purpose of vaccine pharmacovigilance is to provide evidence to both regulatory and public-

health agencies about the ongoing benefit–risk profile of vaccines. (7) As with all elements of clinical 

and public health practice, the highest quality scientific evidence should support decision-making. 

Case series and case studies are generally considered the lowest level of evidence. (6) For vaccines, 

hypotheses generated from both spontaneous reporting systems and case reports/series must be 

tested using approaches that can estimate risk; further, both epidemiological and mechanistic 

evidence are required to confirm an association. (5, 6, 9, 22)  

Globally, implementation of immunisation programs for HPV vaccines has been impacted by reduced 

public confidence following published case reports, spontaneous reporting system data used out of 

context, and media attention on specific syndromes. For example, there was significant decline in 

vaccination coverage in Denmark, and other Scandinavian countries, following negative publicity and 

increased reporting of suspected adverse events following HPV vaccine from the Danish medicines 

regulator in 2013. (76) At the same time, in Japan, a cluster of AEFIs reported in the media led the 

government to suspend its proactive recommendation for the vaccine; coverage fell substantially 

from over 70% to less than 1%. (77) In Ireland, studies indicate that parental concern about long-

term vaccine side effects and chronic illness, along with uncertainty about benefit, have been 

barriers to vaccination. (78)  

Pharmacovigilance methods that produce population-level estimates of risk, including cohort studies 

using large study populations that may be drawn from linked databases, provide the most robust 

estimates of risk that can be considered in regulatory and programmatic decision-making and 

communication. Although randomised controlled trials are traditionally considered the highest level 

of evidence, the value of observational studies is well established for pharmacoepidemiology, 

including for vaccines. The limited sample size and lack of external validity of clinical trials impacts 

their value in assessing the risk of rare or later-onset AEFI; well-designed epidemiological studies are 

essential for vaccine pharmacovigilance in the real world. (6)    

Internationally, several countries routinely conduct robust epidemiological studies within large 

populations for the purposes of vaccine pharmacovigilance. In the case of HPV vaccine, a potential 

signal for venous thromboembolism arose through early spontaneous surveillance in the US; 
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subsequent analysis of linked healthcare records within the US Vaccine Safety Datalink (VSD) using a 

self-controlled case series method did not find an increased risk. (79) Similarly, population-level 

analysis using linked data from Scandinavia has not identified an increased risk for various adverse 

events of special interest (AESIs) reported in association with human papillomavirus (HPV) vaccine in 

less robust studies (33, 80); such systems previously provided high-level evidence against the link 

between measles-mumps-rubella (MMR) vaccine and autism. (81)  

The following review article describes the global evidence base for HPV vaccine safety, and the value 

of robust epidemiological studies using population-level data to examine associations and make a 

statistical determination of risk. It articulates the impact resulting from assumptions made on the 

basis of insufficient evidence. This study filled an important gap in collating all recent published 

evidence, building on a previous (2013) review of safety undertaken by some members of the 

authorship team. (82) In the 4 years between the first and second reviews, a very large number of 

new studies (109; see Appendix A) on HPV vaccine safety were identified, including 23 case reports 

or case series, some of which had significantly impacted vaccine confidence and coverage in several 

countries globally.   
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1.2 Publication 1: Phillips A, Patel C, Pillsbury A, Brotherton J, Macartney K. Safety of 

human papillomavirus vaccines: an updated review. Drug Safety. 2017; 41 (4): 

329–346. 

Reprinted by permission from Springer Nature: Springer, Drug Safety, ‘Safety of human 

papillomavirus vaccines: an updated review’, Anastasia Phillips, Cyra Patel, Alexis Pillsbury, Julia 

Brotherton, Kristine Macartney. Springer International Publishing (2017). 

See also supplementary material in Appendix A. 
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1.3 Implications of publication 1 

This review collates the large volume of evidence on HPV vaccine safety, and highlights studies 

based on robust pharmacovigilance methods which have supported a better understanding of the 

safety of HPV vaccine. The findings are consistent with statements from both the European 

Medicines Agency and the World Health Organization (WHO) Global Advisory Committee on Vaccine 

Safety (83, 84); the study has been cited 68 times, including in the American Autonomic Society’s 

valuable position statement on HPV vaccine and autonomic disorders. (85) 

Of all vaccines used worldwide, HPV vaccine safety has been among the most prominent 

controversies (86), despite this and other reviews finding no increased risk of autoimmune disease, 

neurological conditions or other disorders of concern. (87, 88) This review included 23 case reports 

or case series; such studies cannot (with extremely rare exceptions) demonstrate causality (89), but 

these and other low-level evidence have triggered safety concerns. Vaccine pharmacovigilance 

requires the use of multiple modalities, as demonstrated by this review. The totality of post-

marketing evidence, including case reports, spontaneous surveillance, active surveillance and 

observational studies, allows full exploration of safety issues and robust conclusions can be drawn. 

As demonstrated by population-based studies presented in this review, including studies using 

linked databases, adaptive methods that can rapidly investigate newly reported AESI at the 

population level are critical.  

The impact on coverage of programmatic decisions based on lower levels of evidence has been 

ongoing in Japan, where an increase in cervical cancer among young women has been reported and 

it has been estimated that reduced vaccine coverage may result in around 5000 otherwise 

preventable deaths from cervical cancer. (77) In Denmark, there has been some recovery in vaccine 

uptake following a national immunisation campaign. (90) The WHO Global Advisory Committee on 

Vaccine Safety stated in 2017 that ‘the ongoing unsubstantiated allegations have a demonstrable 

negative impact on vaccine coverage in a growing number of countries, and that this will result in 

real harm’. (84, p.400)  

However, globally, some researchers and governments continue to place undue emphasis on case 

reports and other low-level evidence, even once higher-level studies and reviews have investigated 

reported signals and found no evidence of association or causality. Two commentary letters were 

published following this review which questioned the hierarchy of evidence presented and the 

accepted parameters of causality assessment. (91, 92) Appendix B of this thesis provides a response 

to these letters, and exemplifies the ongoing need for dialogue to reinforce the risk of assumptions 

based on temporally reported AEFI and the validity of multi-faceted, robust pharmacovigilance 

approaches in testing hypotheses based on these reports. (93)   
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Chapter 2: Spontaneous post-marketing surveillance – essential for 

signal detection and hypothesis generation 

2.1 Introduction 

In contrast to several other countries, coverage for human papillomavirus (HPV) vaccine in Australia 

has remained high at over 80% in females and 75% in males (in 2017). (94) The vaccine was 

developed by an Australian research team, and Australia was the second country globally to 

introduce the HPV vaccine and the first to introduce a fully funded national program for female 

adolescents in 2007, with catch-up to age 26 years. The female program was followed by a funded 

program for males from 2013. (95) 

However, as in other countries, safety concerns have been raised in Australia which required 

investigation and resolution. Several signals were identified shortly following implementation of the 

HPV vaccine program, including seven presumptive cases of post-vaccination anaphylaxis reported 

to the spontaneous reporting system in one state, New South Wales (NSW). (49) Reports were first 

reviewed at the state level, before escalation to the Therapeutic Goods Administration (TGA). Based 

on classification against Brighton Collaboration case definitions, the estimated incidence rate was 

2.6 per 100,000 doses, which was higher than for other school-based program vaccines. (49) The 

review led to communication with providers, updated product information and consent forms, and 

information on the TGA website. (49, 50) A subsequent study of anaphylaxis following childhood 

vaccines in a different Australian state (Victoria) estimated a lower rate following HPV vaccine of 

0.32 per 100,000 doses. (96) Around the same time, a separate safety issue of psychogenic illness 

(mass syncope) was reported, initially from Victoria (97, 98); several cases were reviewed in the 

specialist adverse event following immunisation (AEFI) clinic that is linked to that state’s 

spontaneous reporting system. (98) Syncope is recognised as an immunisation anxiety-related 

reaction. (5) 

In these examples, state-based spontaneous reporting systems effectively identified and 

investigated vaccine safety issues, while simultaneously engaging with and escalating to the TGA. 

Conversely, early reports of rare neurological events (including demyelinating syndromes) were 

investigated directly by the TGA (50) following a published case series of five patients. (95, 99) 

Investigation included an expert panel review, which determined that the incidence of neurological 

syndromes reported did not exceed what would be expected to occur by chance. Information 

provided by the TGA online in response to these issues was transparent and described the potential 



34 

for coincidental association between vaccination and neurological events. (50) Following this series 

of safety events, and under a national vaccine safety plan, when HPV vaccination was expanded to 

males in 2013, the TGA implemented an enhanced passive surveillance program for adverse events 

of special interest [AESIs] (anaphylaxis, syncope, and conditions requiring emergency department or 

hospital presentation). (26) Conducted within the spontaneous reporting system, this was an 

example of adaptation to incorporate enhanced surveillance in response to a specific safety concern.  

The study presented in this chapter analysed 11 years of longitudinal data from the national 

spontaneous reporting system, following administration of 9 million doses of quadrivalent HPV 

vaccine. It incorporates the enhanced surveillance period and focuses on AESIs targeted in that 

program (including anaphylaxis and syncope), along with AESIs that have triggered reduced 

confidence internationally, as identified in Chapter 1. The study presents age- and sex-specific rates 

of AEFIs and trends over time, along with detailed review of cases of specified AESIs.  
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2.2 Publication 2: Phillips A, Hickie M, Totterdell J, Brotherton J, Dey A, Hill R, 

Snelling T, Macartney K. Adverse events following HPV vaccination: 11 years of 

surveillance in Australia. Vaccine. 2020; 38 (38): 6038–6046. Available from: 

https://doi.org/10.1016/j.vaccine.2020.06.039  

Published as open access article under the Attribution-NonCommercial-NoDerivatives 4.0 (CC BVY-

NC-ND) license: https://creativecommons.org/licenses/by-nc-nd/4.0. 
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Appendix 1: Preferred terms used to identify adverse events of special interest (AESI) 

• Syncope: Syncope, syncope vasovagal, loss of consciousness 

• Anaphylaxis: Anaphylactic shock, anaphylactic reaction, anaphylactoid reaction, 

anaphylactoid shock 

• Autoimmune disorders (AID): Antinuclear antibody positive, autoantibody positive, 

autoimmune disorder, autoimmune hemolytic anemia, autoimmune thyroiditis, 

autoimmune thrombocytopenia, Bechet’s syndrome, colitis ulcerative, dermatomyositis, 

mixed connective tissue disease, myasthenia gravis, polymyalgia rheumatica, Reiter’s 

syndrome, rheumatoid arthritis, scleroderma, sicca syndrome, Sjogren’s syndrome, systemic 

lupus erythematosus, polymyalgia rheumatica 

• Venous thromboembolism (VTE): Thrombosis, deep vein thrombosis, mesenteric vein 

thrombosis, cerebral venous thrombosis, cavernous sinus thrombosis, intracranial venous 

sinus thrombosis, pulmonary embolism, embolism venous, axillary vein thrombosis, venous 

thrombosis 

• Guillain-Barré syndrome (GBS): Guillain-Barré syndrome, Miller Fisher syndrome, 

demyelinating polyneuropathy, chronic inflammatory demyelinating polyradiculoneuropathy 

• Postural orthostatic tachycardia syndrome (POTS): Postural orthostatic tachycardia 

syndrome, dizziness postural, postural reflex impairment 

• Complex regional pain syndrome (CRPS): Complex regional pain syndrome, 

mononeuropathy multiplex 

• Primary ovarian insufficiency (POI): Premature menopause, ovarian disorder, amenorrhea 
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Appendix 2: Reported adverse event rates per 100,000 doses administered to females and males in Australia within funded primary and catch-up 

programs by specified surveillance periods 

Year of vaccination 2007–2009 2010–2012 
2013–2014 

Enhanced surveillance period 
2015–2017 

Program Age group 
Female 

Rate (n/DA) 

Female 

Rate (n/DA) 

Female 

Rate (n/DA) 

Male 

Rate (n/DA) 

Female 

Rate (n/DA) 

Male 

Rate (n/DA) 

Primary  12–13 years 
37.0 

(317/856,802) 

42.7 

(377/883,335) 

93.1 

(561/602,666) 

83.8 

(513/612,057) 

49.7 

(485/975,043) 

44.8 

(447/996,689) 

Catch-up  

14–15 years NA NA NA 
39.1 

(230/588,958) 
NA NA 

14–17 years 
41.0 

(605/1,475,484) 
NA NA NA NA NA 

18–26 years 
30.5 

(543/1,777,470) 
NA NA NA NA NA 

DA: doses administered; NA: not applicable as not funded program (small denominators) 
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Appendix 3: Reported rate of syncopea per 100,000 doses administered to females and males in Australia within funded primary and catch-up programs 

by specified surveillance periods 

Year of vaccination 2007–2009 2010–2012 
2013–2014 

Enhanced surveillance period 
2015–2017 

Program Age group 
Female 

Rate (n/DA) 

Female 

Rate (n/DA) 

Female 

Rate (n/DA) 

Male 

Rate (n/DA) 

Female 

Rate (n/DA) 

Male 

Rate (n/DA) 

Primary 12–13 years 
3.7 

(32/856,802) 

6.5 

(57/883,335) 

28.9 

(174/602,666) 

30.4 

(186/612,057) 

8.72 

(85/975,043) 

9.13 

(91/996,689) 

Catch-up 

14–15 years NA NA NA 
10.7 

(63/588,958) 
NA NA 

14–17 years 
3.5 

(51/1,475,484) 
NA NA NA NA NA 

18–26 years 
2.2 

(39/1,777,470) 
NA NA NA NA NA 

aIncluding the preferred terms ‘syncope’, ‘syncope vasovagal’ and ‘loss of consciousness’ (see Appendix 1) 

DA: doses administered; NA: not applicable as not funded program (small denominators) 
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Appendix 4: Abbreviations used in this manuscript 

Abbreviation Term 

AE Adverse event 

AEMS Adverse Events Management Systems database 

AESI Adverse event of special interest 

AID Autoimmune disease  

CIDP Chronic inflammatory demyelinating polyradiculoneuropathy 

CRPS Complex regional pain syndrome  

GBS Guillain-Barré syndrome 

HPV Human papillomavirus 

4vHPV Quadrivalent human papillomavirus vaccine 

MedDRA® Medical Dictionary for Regulatory Activities 

NHVPR National HPV Vaccination Program Register  

NIP National Immunisation Program 

POI Primary ovarian insufficiency  

POTS Postural orthostatic tachycardia syndrome 

TGA Therapeutic Goods Administration 

VTE Venous thromboembolism 
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2.3 Implications of publication 2 

The cumulative analysis in this study provides reassuring data on the benefit–risk profile of HPV 

vaccine and demonstrates the value of spontaneous reporting systems. Serious and immediate AEFI 

such as anaphylaxis are likely to be spontaneously reported, and the accumulation of large amounts 

of data over time can provide useful information. In the case of HPV vaccine in the Australian 

context, there is the advantage that a denominator of doses administered was available for the 

period of this study, which has not historically been possible for many adolescent or adult vaccines 

in either Australia or many other parts of the world. The longitudinal data provides valuable 

evidence that is consistent with data from the US Vaccine Adverse Events Reporting System (VAERS). 

(100) Analysis of data captured over an extended period can contribute to an international body of 

evidence and provide reassurance to countries who are planning vaccine introduction or managing 

safety concerns.   

For this study, the enhanced surveillance period provided particularly useful information. The 

stability of the anaphylaxis rate during this period provides added reassurance that the reported rate 

approximates the true rate and remains acceptable over time. In contrast, enhanced surveillance 

proved to be sensitive to detection of a much higher rate of syncope than previously reported. While 

enhanced surveillance was considered to be quite resource intensive with respect to the reporting 

requirements for school immunisation teams, it provided important new data on differential 

patterns related to age and sex that can inform programs globally. This data, a version of which was 

released in preliminary format by the TGA (26), had implications for management of student 

vaccinations in school-based programs, where measures to prevent and monitor for syncope were 

adopted and reinforced. The enhanced surveillance program was implemented under the HPV 

vaccine safety plan; its effectiveness as an adaptive and strategically implemented 

pharmacovigilance methodology highlights the value of formal vaccine safety plans, which have not 

necessarily been developed for each new vaccine introduction or recommendation.  

This study also did not identify any safety concern for specific AESIs, including neurological 

syndromes, which were reported rarely. The very low rate of reports was particularly reassuring 

given the longitudinal nature of the study; however, data from this spontaneous system in isolation 

are limited and cannot be used to estimate risk in vaccinated compared to unvaccinated 

populations. (23) Disproportionality analyses may be applied to spontaneous AEFI reports to 

determine the relative reporting of specific AESIs, with one vaccine compared to another. However, 

this may be difficult for adolescent vaccines; most are given concomitantly in the Australian school-

based immunisation program, and comparison with vaccines delivered in younger or older age 
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groups may not be valid, given the increased incidence of certain conditions such as immunisation 

anxiety-related reactions, syncope and autoimmune disease in the adolescent population. (101)  

Spontaneously reported data can add value when reported rates of specific AESIs are compared to 

the expected, population rate of such events. While this approach was considered and reported for 

neurological conditions by the Gardasil Expert Panel in 2008 (50), expected rates of specific AESIs are 

not readily available in Australia as part of a multi-faceted adaptive pharmacovigilance approach. In 

the UK, background rates calculated from linked data within the Clinical Practice Research Datalink 

(CPRD) have been used effectively as a comparator for spontaneous reports of fatigue syndromes 

following HPV vaccine. (36) The importance of comparing rates of AESIs to the rate at which specific 

medical events occur in the background, and within sub-populations, has been increasingly 

recognised as critical during implementation of COVID-19 immunisation programs, to enable initial 

assessment of a potential safety signal. (102) Once a signal is identified, as discussed in Chapter 1, 

epidemiological studies conducted in large, population-level databases are required to 

systematically assess the risk of such rare conditions. 

Australia’s spontaneous reporting framework is a complex and multi-stakeholder system, allowing 

data transmission to underpin signal detection at the national level, while also facilitating agile, local 

responses. It is interesting that the signals for anaphylaxis and psychogenic illness were identified 

through spontaneous reporting in two of Australia’s largest states, prior to collation of AEFI reports 

nationally. (49, 98) This highlights the flexible and timely response that may result from localised 

surveillance; conversely it may suggest lack of timeliness in collation of such data at a national level. 

AusVaxSafety-Active was established following the influenza vaccine concerns in 2010, to 

complement the spontaneous reporting system and improve timely recognition of safety signals. 

(57) For HPV vaccine, AusVaxSafety-Active is used to ensure that short-term reactogenicity is closely 

monitored, particularly in the context of program changes to include the 9-valent vaccine and a two-

dose schedule. (58) This platform is described in the following chapter, where its use for live 

attenuated herpes zoster vaccine is assessed. 
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Chapter 3: Cohort event monitoring – an adaptive approach valuable 

for short-term safety 

3.1 Introduction 

The development of the SmartVax and Vaxtracker platforms, combined under AusVaxSafety-Active 

since 2014, represents an important step towards expanding Australia’s suite of vaccine 

pharmacovigilance modalities. AusVaxSafety-Active directly fills a gap, identified after the 2010 

safety incident with influenza vaccine, for ‘complementary active surveillance systems which can 

methodologically detect potential AEFI [adverse event following immunisation] signals’. (52, p.492) It 

has been retrospectively established that such active surveillance would have identified the safety 

signal for febrile seizures within 3 weeks of implementation of the 2010 seasonal influenza 

immunisation program. (59) AusVaxSafety-Active can be variously described as active, participant-

centred surveillance or cohort event monitoring (CEM) and uses two digital platforms, SmartVax and 

Vaxtracker. Both platforms enrol individuals through their immunisation provider and actively solicit 

information using standardised surveys over specified time periods following vaccination. Medical 

attendance is used as a proxy measure for a potentially serious AEFI, and the system uses a variety 

of mechanisms to prompt for further medical follow-up and/or submission of an AEFI report via 

state- and territory-based spontaneous reporting systems if appropriate. (56-58) 

Although developed with childhood influenza vaccine safety surveillance in mind, the system has 

now been expanded to include all National Immunisation Program (NIP) vaccines, with a focus on 

detailed reports for new vaccines and new vaccine recommendations. In 2021 the system 

underwent significant adaptations to also include COVID-19 vaccines under the national 

pharmacovigilance plan. A recent review of participant-centred active surveillance systems 

internationally identified 23 studies that were either time limited or focused on single vaccines; 

10 were focused solely on influenza vaccine. (30) While some, including Canada’s healthcare worker 

influenza surveillance system, have been adapted for other vaccines (103), data on the usefulness of 

ongoing CEM for vaccines other than influenza was required at the time the study presented in this 

chapter was conducted. 

A number of AEFIs will have onset within the first days after vaccination and relate to expected 

immune stimulation by the antigen or vaccine adjuvant. However, some adverse events may have 

their onset in the weeks, rather than days, after vaccination, including those related to live vaccines, 

due to the mechanism of viral replication in the context of immunodeficiency (whether known or 
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unknown at the time of vaccination). (5) AEFI due to live attenuated vaccine virus replication 

(whether from varicella-zoster virus [VZV], measles virus, Bacillus Calmette-Guérin vaccine or other 

vaccine strains) have the potential to lead to life-threatening complications in immunocompromised 

hosts. (104) 

Live attenuated herpes zoster vaccine (ZVL) was included on the NIP in 2016 for adults aged 

70 years, with catch-up to 79 years of age, and was the first live vaccine to be included for adults; it 

is contraindicated in immunocompromised individuals. (104) Vaccine strain-associated disseminated 

disease has been reported up to 7 weeks following vaccination with ZVL in immunocompromised 

individuals (105); prior to implementation of the Australian program, one case report of fatal, 

disseminated, vaccine-strain VZV infection had been published. (106) Consequently, in devising 

active surveillance approaches for ZVL using the AusVaxSafety-Active system, we sought to not only 

better understand short-term reactogenicity in this new elderly cohort targeted for vaccination, but 

also to explore whether later patient surveys were feasible to identify potential AEFI associated with 

vaccine virus replication. Thus, for monitoring of ZVL AEFI through AusVaxSafety-Active, the survey 

period was extended to 24 days for the Vaxtracker platform to supplement the standard 3-day 

surveillance period. 

The following paper presents an analysis of AusVaxSafety-Active data for ZVL over the first 2 years of 

the program, describing overall short-term AEFI rates from 17,458 SmartVax participants (who 

responded to the standard day-3 survey), including an assessment of the risk of AEFI by sex and 

concomitant vaccination. The analysis by concomitant vaccination demonstrates the value of 

adaptive pharmacovigilance under real-world conditions, given that these vaccine combinations may 

not be assessed in clinical trials, and that schedules vary by country. A smaller cohort of 346 

Vaxtracker participants provided surveillance data at 16 and 24 days following vaccination; risk was 

assessed by sex, concomitant vaccination and underlying medical condition. The adaptation of 

AusVaxSafety’s methodology to include an older cohort and a longer survey period represents 

another example of real-world pharmacovigilance with the potential to explore the safety of 

vaccination in individuals with underlying medical conditions (including possible 

immunocompromise) and further understand the benefit–risk balance of an immunisation program. 

This study assesses the value of such adaptation, providing data to determine whether it is strategic 

to introduce such approaches for future immunisation programs, including for COVID-19. 
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3.2 Publication 3: Phillips A, Glover C, Leeb A, Cashman P, Fathima P, Crawford N, 

Snelling TL, Durrheim D, Macartney K. Safety of live attenuated herpes zoster vaccine 

in Australian adults 70–79 years of age: an observational study using active 

surveillance. BMJ Open. 2021; 11 (3): e043880. Available from: 

https://bmjopen.bmj.com/content/11/3/e043880  

Published as open access article under the Creative Commons Attribution Non Commercial (CC BY-

NC 4.0) license: https://creativecommons.org/licenses/by-nc/4.0. 
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3.3 Implications of publication 3 

This paper provides reassuring data on the short-term safety profile of ZVL using a novel approach 

not reported from any other setting. No new safety signals were identified; ISR was the most 

commonly reported AEFI. There was no increased risk of ISR with concomitant vaccination, which 

differed from prior experience of influenza vaccine given concomitantly with pneumococcal 

polysaccharide vaccine. (71)  

The study also demonstrates the benefit of this CEM system in providing regular data to enable 

ongoing signal detection analyses during program implementation. In particular, this study validates 

the use of such methodology in an older cohort. The response rate (73%) using this novel mhealth 

approach was similar to that reported for children under 5 years (70%, January to July 2020; 

C. Glover, National Centre for Immunisation Research and Surveillance, personal communication, 11 

May 2021) and for influenza vaccines across all age groups (71.8%) (107), and higher than that 

reported for adolescents (57.3%, January to July 2020; C. Glover, personal communication). 

This study considered a supplementary cohort with follow-up at 16 and 24 days post vaccination, 

providing useful information to assess later-onset AEFI. However, the supplementary cohort was 

small, limiting conclusions that could be made about risk. Further, the usefulness of participant-

centred surveys in collecting reliable information at a time distant from vaccination is likely to be 

impacted by recall bias and the potential for increased reporting of unrelated medical events. 

Reports of fatal, disseminated infection following ZVL in Australia have come through the 

spontaneous reporting system. (69) This highlights the important ongoing role of spontaneous 

reporting in identifying rare, serious AEFI, and as a key element of any multi-faceted 

pharmacovigilance approach, given reporting occurs across the whole population.  

There is potential to use strategic approaches, such as adaptation of active surveillance systems like 

AusVaxSafety-Active, to complement the existing spontaneous reporting system in a coordinated 

manner. For COVID-19 vaccines, AusVaxSafety-Active has expanded, under the COVID-19 

pharmacovigilance plan, to include a survey at additional time points. (58) The US has also 

implemented CEM monitoring for COVID-19 vaccines through a new system, v-safe, modelled in part 

on AusVaxSafety-Active. (74) Data from this system has been used to develop a pregnancy registry 

and, in combination with data from the Vaccine Adverse Events Reporting System (VAERS), to 

characterise COVID-19 vaccine safety in pregnant women, demonstrating the ability of such a system 

to adapt, provide timely data and add value to a suite of pharmacovigilance resources. (108)  
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The timely availability of such data and the ability to rapidly communicate safety is particularly 

useful for COVID-19 vaccines, given the rapid implementation, high reactogenicity and reported 

vaccine hesitancy. (13, 109) AusVaxSafety-Active communicates data on all vaccines regularly 

through its website, adapting information to address emerging COVID-19 vaccine concerns, such as 

missed work due to systemic side effects, and anaphylaxis in individuals with a self-reported, 

relevant medical history. (58) 

While CEM systems offer clear advantages as part of a suite of pharmacovigilance methods, later-

onset AEFI that have not been identified in clinical trials are likely to be rare; large cohorts are 

required to reliably collect data to assess such conditions. Further, like spontaneous reporting 

systems, CEM systems are unable to determine risk relative to an unvaccinated cohort. (25) Active 

surveillance and epidemiological studies conducted within large cohorts are required to identify, 

investigate and understand potential safety signals, particularly for later-onset AEFI. An example of a 

novel approach within a large cohort is presented in the next chapter, again considering the safety of 

ZVL. 
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Chapter 4: Novel data sources and methods diversify surveillance 

mechanisms and contribute to hypothesis testing 

4.1 Introduction 

This next study introduces an epidemiological analysis within a large, primary care database 

(MedicineInsight, operated by the National Prescribing Service [NPS]). This represents a novel 

approach towards expanding vaccine pharmacovigilance capacity and incorporating more robust 

methods using a large, nationally representative database. In Australia, national healthcare 

databases, such as those coding hospital discharge data, are generally administrative, do not contain 

detailed clinical information, and are designed for allocation of resources rather than for research or 

health management purposes. Other specific healthcare databases, including the Australian 

Immunisation Register, are maintained separately and siloed. Despite a universal healthcare system 

and these numerous national or state-based healthcare databases, there is no national, 

systematically linked healthcare data available in Australia for the purposes of supporting health 

programs, including public health programs such as immunisation. (65)  

MedicineInsight is a collection of de-identified data extracted from the patient management 

software programs of participating primary care sites – also known as general practices – across 

Australia, used to support medication safety. Although not linked data, it has potential to fill a gap by 

providing access to a large, national dataset incorporating both health and immunisation 

information that can be adapted for the purposes of pharmacovigilance. In 2018 and 2019, 

MedicineInsight data represented 13.2% of all patients who visited a general practitioner. (110) This 

proof-of-concept study was the first to utilise MedicineInsight data for vaccine safety, and facilitated 

collaboration and engagement with NPS to develop the methodology.  

The study continues with the focus on live attenuated herpes zoster vaccine (ZVL), which is largely 

administered in primary care under the National Immunisation Program (NIP); pneumococcal and 

influenza vaccines were included to allow comparison of outcomes. The self-controlled case series 

(SCCS) approach was considered most appropriate for this analysis as it automatically controls for 

fixed confounding. (32) The method was developed for vaccine safety assessment and allows 

individuals to act as their own controls by assessing the risk of medical events in a pre-defined risk 

window following vaccination, compared to time window(s) distant from (and unlikely to be 

influenced by) vaccination. (32) The SCCS method was used to assess adverse events following 

immunisation (AEFIs) with ZVL within the Vaccine Safety Datalink (VSD) in the US (111); it has also 
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been used to investigate AEFIs following human papillomavirus (HPV) vaccine within the Clinical 

Practice Research Datalink (CPRD) in the UK. (36) While the SCCS method was used in Australia to 

investigate intussusception following rotavirus vaccines, based on data captured through the 

Paediatric Active Enhanced Disease Surveillance (PAEDS) system and other similar, hospital-based 

surveillance (37), it has not previously been applied to MedicineInsight data.  

This study aims both to validate use of MedicineInsight for vaccine pharmacovigilance and to 

understand the risk of later-onset AEFIs. Specific adverse events of special interest (AESIs) were pre-

defined, including rash, rash with antiviral prescription (as a marker of possible disseminated 

infection), myocardial infarction and stroke. Positive and negative control conditions (injection site 

reaction and burn, respectively) were included to validate the method.  
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4.2 Publication 4: Totterdell J, Phillips A1, Glover C, Chidwick K, Marsh J, Snelling T, 

Macartney K. Safety of live attenuated herpes zoster vaccine in adults 70–79 years: a 

self-controlled case series analysis using primary care data from Australia’s 

MedicineInsight program. Vaccine. 2020; 38 (23): 3968–3979. Available from: 

https://doi.org/10.1016/j.vaccine.2020.03.054  

Published as open access article under the Attribution-NonCommercial-NoDerivatives 4.0 (CC BVY-

NC-ND) license: https://creativecommons.org/licenses/by-nc-nd/4.0. 
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4.3 Implications of publication 4 

This study represents a useful and unique exploration of a different approach to vaccine 

pharmacovigilance in the Australian context. The analysis successfully identified an expected risk of 

injection site reaction following ZVL, pneumococcal and influenza vaccines, with and without 

concomitant vaccination, in this older cohort. The potential to adapt this methodology to examine 

vaccines given in real-world conditions under the NIP, including concomitant administration, adds to 

its value. Further, the absence of risk associated with burns (the negative control) following 

vaccination supports the validity of the method. The use of rash with antiviral prescription as an 

indicator of disseminated vaccine-virus disease was a novel approach that may improve specificity 

when considering a common condition such as rash.  

However, the study did identify limitations that are likely to restrict the usefulness of this approach 

and which were anticipated by the study team and in the hypotheses underpinning this thesis. In 

particular, the quality of data is reliant on practitioner documentation during routine provision of 

clinical care, and it is not audited routinely, nor collected purposively for research or surveillance 

purposes, despite practices enrolling in the MedicineInsight program. In addition, unlike hospital or 

emergency department data, entries in most fields are not linked to disease or other standardised 

coded outputs; however, a vaccine field does exist, which supported identification of the exposure 

variable for this study. Further, in Australia, individuals are not limited to one primary care provider 

and records are not linked; for a patient vaccinated at one site, any presentation to a different site 

for a medical event would not be captured. 

Incomplete information on emergency department presentations and hospital admissions within 

primary care data is a significant limitation, given that key serious AESIs (i.e. myocardial infarction 

and stroke) are likely to present in these settings. While Australian primary care data have been used 

in a limited way to explore less serious AEFIs (injection site reactions) (112), the inclusion of data on 

hospitalisations is essential to enable assessment of the full spectrum of AEFIs within this rich and 

relatively untapped data source.  

Internationally, robust epidemiological methods, including SCCS and cohort studies, are used to 

investigate signals through interrogation of linked databases such as the CPRD (36, 113-115) and 

VSD (31, 34, 111, 116, 117), and large linked databases in Europe. (33, 80, 118) The VSD incorporates 

administrative, hospitalisation, primary care and vaccination data from nine healthcare 

organisations in the US (34), while the CPRD links patient data from primary care practices across the 

UK with secondary healthcare data including admission, emergency department and death data. (35) 
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Such methods enable comparison of vaccinated and unvaccinated cohorts (or time periods), 

including for rare and hospitalised events. (6) These databases are also used to establish background 

incidence rates for specific AESIs, which can be compared to the number of spontaneous reports 

received during vaccine program implementation to determine whether the observed rate is greater 

than would be expected. (36, 119, 120)  

For Australia to assess AESIs and later-onset AEFIs through a truly multi-faceted vaccine 

pharmacovigilance system, access to analytic cohorts based on linked data is a key additional 

modality that requires development. This will entail identification of and linkage between key 

healthcare databases and with the Australian Immunisation Register; unlike some other countries, 

there is no universal national patient identifier in Australia to facilitate matching (121), and 

significant administrative barriers have been identified in linking state and national databases. (65) If 

linkage can be streamlined, the use of such data will require a strategic approach to the 

development of analytic cohorts and consolidation of appropriate methodology if Australia is to 

develop a truly multi-faceted and adaptive vaccine pharmacovigilance system. The final chapter of 

this thesis uses a qualitative methodology to explore this and other gaps and opportunities that may 

enable Australia to strengthen its vaccine pharmacovigilance systems.   
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Chapter 5: From program suspension to the pandemic: a qualitative 

examination of Australia’s vaccine pharmacovigilance system over 

10 years 

5.1 Introduction  

Chapters 1 to 4 provided examples of the contribution of Australia’s current vaccine 

pharmacovigilance methods, including traditional spontaneous reporting and more novel methods 

that have developed over time and in response to specific safety issues. The validity and usefulness 

of each component have been explored using quantitative methods to assess the data source 

directly for specific vaccines. Yet Australia’s vaccine pharmacovigilance framework is complex and 

includes interactions across systems, among stakeholders, and between state and national 

governments (Figure 2). Qualitative methods offer an opportunity to explore the perceptions of key 

stakeholders and the influence of social and political factors to develop a richer understanding of 

complex public health systems. (122) This study was undertaken in collaboration with four 

co-authors (see Authorship attribution statement); a modified version of the content presented here 

has been submitted for publication and has undergone initial peer review. 

The influenza vaccine-associated events of 2010 represented a turning point in Australia’s vaccine 

safety journey, resulting in the commissioned national Review of the management of adverse events 

associated with Panvax and Fluvax, led by former Chief Medical Officer Professor John Horvath (‘the 

Horvath Review’) (53), and the development of AusVaxSafety-Active. (56, 57) The Horvath Review 

identified the need for improved timeliness, clarification of roles and responsibilities, and increased 

transparency around the vaccine safety surveillance process. The Australian Government accepted 

all seven of the review’s recommendations with a 2-year implementation timeframe, overseen by 

the Department of Health and the Therapeutic Goods Administration (TGA). (123) Reforms were 

linked to another TGA initiative (TGA reforms: a blueprint for TGA’s future) released in December 

2011. (124) All recommendations of the Horvath Review were addressed by government within the 

implementation timeframe (123); however, no formal evaluation has been completed. 

Ten years on, a number of new vaccines or expanded eligibility for existing vaccines have been 

introduced onto the National Immunisation Program (NIP), including diphtheria-tetanus-pertussis 

vaccine for pregnant women, quadrivalent meningococcal vaccine for adolescents, and live 

attenuated herpes zoster vaccine for older adults. (125) This qualitative study was undertaken in 

2020 as Australia was preparing to implement a COVID-19 immunisation program. The World Health 
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Organization (WHO) recommends that countries like Australia, which already have mature 

pharmacovigilance systems, take extra steps to implement active surveillance systems for adverse 

events of special interest (AESIs), research identified safety concerns (including comparative studies 

of vaccinated and unvaccinated populations), use local safety data to inform communication 

strategies, and contribute data and knowledge on the safety profile of COVID-19 vaccines. (25) In the 

context of public scrutiny around the novel technology and rapid deployment of COVID-19 vaccines, 

robust pharmacovigilance is essential to maintain public confidence and high coverage to enable 

recovery from the significant health, social and economic impacts of the COVID-19 pandemic. (25) 

This study aimed to understand vaccine safety experts’ perspectives on the evolution of Australia’s 

vaccine pharmacovigilance mechanisms since 2010, identifying any perceived gaps and considering 

system readiness to monitor safety of the COVID-19 immunisation program. We aimed to provide 

the findings to policymakers to inform the development of pharmacovigilance systems and, 

specifically, national COVID-19 vaccine safety monitoring.  
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Figure 2 Schematic representation of Australia's vaccine pharmacovigilance systems 

ACV – Advisory Committee on Vaccines; AEFI – adverse events following immunisation; AEFI-CAN – Adverse Events Following Immunisation – Clinical Assessment Network; AEMS – 
Adverse Events Management System; AESI – adverse events of special interest; DAEN – Database of Adverse Event Notifications; PAEDS – Paediatric Active Enhanced Disease 
Surveillance; SRS – spontaneous reporting system; TGA – Therapeutic Goods Administration 

Solid lines represent AEFI reporting, analysis and response; dashed lines represent communication around AEFI reports and pharmacovigilance.  
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5.2 Methods  

5.2.1 Study design 

This qualitative study used thematic analysis to examine semi-structured interviews with Australian 

vaccine safety experts and key government representatives. 

5.2.2 Participants and setting 

Participants were purposively selected experts in vaccine safety who were either current or former 

members of national advisory groups or held key operational roles in Australia’s pharmacovigilance 

systems. Potential participants were identified through review of current member lists of the 

Australian Technical Advisory Group on Immunisation, National Immunisation Committee, Advisory 

Committee on Vaccines and AusVaxSafety Expert Leadership Group. Former advisory group 

members who had played a key role in vaccine safety in Australia since 2010 were identified based 

on the authors’ knowledge of vaccine safety stakeholders over this time period. Potential 

participants who held an operational role as part of a surveillance system (AusVaxSafety or the 

spontaneous reporting system) or who held a role within national government were identified based 

on these roles. 

Selection was further guided by the socioecological model (SEM) framework. (126) The SEM 

framework enables understanding of the multiple levels of influence on public health policy, 

including jurisdictional and national policy-setting perspectives, as well as public health, specialist 

clinician, primary care and consumer perspectives. The final selection of vaccine safety experts was 

agreed through discussion amongst four authors.  

The identified vaccine safety experts were invited by email to participate and provided with an 

information sheet. If there was no response within 2 weeks, a single reminder email was sent. An 

interview time was mutually arranged with those who agreed to participate. The information sheet 

stated that completion of an interview would be accepted as consent; verbal consent was provided 

at interview. In order to protect their identity, participants were described by their pseudonym 

(e.g. participant 1), rather than by identifying the individual or the role(s) they have within vaccine 

safety surveillance in Australia. If a participant was not available, another potential participant with a 

similar professional background was approached. 
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5.2.3 Data collection  

Interviews were conducted between July and October 2020, prior to implementation of the 

COVID-19 immunisation program. Data were collected through semi-structured interviews, based on 

an interview guide developed by the investigators and informed by the Centers for Disease Control 

and Prevention’s (CDC’s) Updated guidelines for evaluating public health surveillance systems (127), 

the National Immunisation Strategy for Australia 2019 to 2024 (128), the Horvath Review (53), and 

the requirements identified by the WHO’s Global manual on surveillance of adverse events following 

immunisation. (5) The interview guide (Appendix C) included questions on current safety systems 

and their integration; data analysis and reporting; signal investigation and causality assessment; 

roles, responsibilities and governance; communication; and gaps and future directions. All question 

areas included a focus on changes since 2010 and requirements for COVID-19 vaccine 

pharmacovigilance. Questions were slightly tailored to the relevant experience of the participants. 

Question prompts were used to explore participants’ views in greater depth. All but one of the 

interviews were conducted using Microsoft Teams videoconferencing features (one participant 

elected to provide a written response based on the interview guide). Data collection continued until 

saturation was reached; this was defined as no additional, unique data outside the coding 

framework. 

5.2.4 Data analysis  

Interviews were recorded and transcribed verbatim. Two authors (AP and SC2) coded the first three 

interviews, using a codebook developed through a deductive (also known as thematic or ‘top down’) 

approach described by Braun and Clarke (129), based on the interview guide. Coding was confirmed 

or revised through agreement between both authors, after which AP2 coded the remaining 

interviews. All coding was undertaken in NVivo (QSR International; Version 12). Thematic analysis 

was conducted using the method described by Braun and Clarke. (129) Potential themes were 

developed from the codes through interpretive analysis and the generation of mind maps. All 

authors reviewed the initial themes and agreed on the refined thematic conceptualisation.  

 

2 See authorship attribution statement  
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5.2.5 Ethics 

This study was approved by the Sydney Children’s Hospitals Network Human Research Ethics 

Committee (2020/ETH00884). 

5.3 Results 

In total, 23 vaccine safety experts were approached and 17 participated. Almost all participants 

(n=16) were current or former national advisory or expert group members; most had several 

concurrent roles in vaccine safety and two participants were national government employees 

(Table 2). Based on their main role, participants represented all perspectives within the SEM 

framework including national policy (n=6), jurisdictional policy (n=2), public health (n=3), specialist 

clinician (n=3), primary care (n=2) and consumer (n=1). However, based on their broad experience, 

most participants offered multiple perspectives. Six individuals declined participation, including 

three representing a national policy perspective, two representing a primary care perspective and 

one specialist clinician. Five of the six did not respond to the email invitation or follow-up reminder; 

one replied that they were unable to participate due to competing demands of the COVID-19 

pandemic. 

Table 2 Participant demographics and roles in vaccine safety 

Characteristic  Category Number  

Number of participants  17 

Median interview duration, 
minutes (range) 

 41 (29–50) 

Sex Male 10 

 Female 7 

Rolea Current or former national advisory or expert group 
membershipb 

16 

 Operational role in a surveillance system 5 

 Specialist clinician in vaccinology (physician or nurse) 5 

 Public health practitioner 6 

 State or territory role and/or representative   5 

 National government representative 2 

 Primary care practitioner 2 

 Consumer representative  1 

a Most participants had several concurrent or historical roles in vaccine safety. 

b Advisory and expert groups included the Australian Technical Advisory Group on Immunisation (ATAGI), National 
Immunisation Committee, Advisory Committee on Vaccines, AusVaxSafety Expert Leadership Group and ATAGI COVID-19 
working group.  
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Sixteen participants were interviewed, and one submitted a written response based on the interview 

guide, which was included in the analysis. Six overarching themes were identified, encompassing 

participants’ views on system improvements, future needs, governance and information sharing, 

communication, and the challenges of a COVID-19 immunisation program.  

5.3.1 Improvement, innovative local systems and a foundation for COVID-19 vaccine safety 

surveillance 

Participants described local innovation as a feature of vaccine pharmacovigilance in Australia. Many 

specified AusVaxSafety-Active as the ‘stand-out’ innovation and ‘pivotal change’ since 2010, given its 

ability to obtain near-real-time safety data through active, SMS-based surveillance in primary care 

settings. Several stated that AusVaxSafety-Active was ‘relatively nationally representative’, providing 

a ‘quasi-national’ system with good response rates and sample size, which had improved over the 

past 10 years.  

In terms of the longstanding spontaneous reporting system, some participants commented on 

innovative approaches that had emerged within some states, including sophisticated electronic 

reporting systems, which, in conjunction with improved timeliness and data completeness, put 

Australia in a ‘vastly better position’ than in 2010. Participants noted that the spontaneous reporting 

system, which participants referred to as passive surveillance, was an ‘important component’ and 

‘core platform’ that most thought benchmarked reasonably well against similar passive surveillance 

systems internationally. Paediatric Active Enhanced Disease Surveillance (PAEDS) was considered a 

‘good mechanism’ for surveillance of specific hospitalised AEFI and signal investigation; a few 

participants mentioned the value of emergency department-based surveillance for specific 

syndromes in one state.  

Several participants stated that a safety signal could be detected within current systems, particularly 

a signal for AEFI occurring soon after vaccination. Looking toward the future, some participants 

discussed ‘refining and calibrating’ the signal detection methods within AusVaxSafety-Active and the 

Adverse Events Management System (AEMS), including using real-time data analytics and reporting. 

The current surveillance systems were considered ‘fundamentals’ that could be enhanced, scaled up 

and adapted for COVID-19 vaccine safety monitoring. In particular, participants mentioned the need 

to maximise reporting to the spontaneous reporting system and expand coverage of AusVaxSafety-

Active to settings and populations relevant for COVID-19 vaccine, including pharmacy and aged care 

settings, and increase representation from Aboriginal and Torres Strait Islander populations. Some 

participants noted that enhancements were underway as part of COVID-19 vaccine planning. 
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‘I truly believe we have one of the most comprehensive systems in 

the world as far as both active and passive surveillance. That’s not to 

say it’s perfect and that’s not to say it can’t evolve and continue to 

change. Certainly, the breadth of active surveillance I think is really 

astounding that’s occurring in Australia at the moment.’ 

(participant 1)  

‘I think we’ve got a basic framework for monitoring which we’re 

obviously going to need to adapt to a COVID vaccine specifically. And 

maybe adapt it in a number of different ways…But I think we have 

the backbone and we have the infrastructure to be able to do that.’ 

(participant 8)  

5.3.2 Ongoing evolution – barriers and drivers for change 

Participants perceived a need to develop a more systematic approach to population-level active 

surveillance, including through vaccine safety analyses using large linked databases. Several 

suggested this approach to better capture later-onset events, given the focus of AusVaxSafety-Active 

on shorter-term events. Others mentioned the utility of data linkage to capture hospitalised or rare 

events, which they perceived were underreported by hospital staff to the spontaneous reporting 

system. While participants noted the benefit of the existing sentinel hospital-based active 

surveillance system (PAEDS), several noted that this was limited to selected hospitals and was 

‘paediatric based’. Expansion of active, hospital-based surveillance was mentioned, including the 

potential to ‘repurpose’ the national Influenza Complications Alert Network (FluCAN) for COVID-19 

vaccine safety surveillance. 

Several participants reflected on established data linkage systems in other high-income countries, 

including the US Vaccine Safety Datalink (VSD). Lack of timely and systematic data linkage for the 

purposes of pharmacovigilance in Australia was described as a major gap, despite being considered 

by most as technically ‘quite feasible’. The Australian Immunisation Register was considered a 

‘unique’ system to include in data linkage for vaccine safety, in conjunction with established 

electronic national healthcare and administrative databases.  

Participants highlighted a number of organisational barriers to timely and structured access to linked 

data for use in vaccine safety analyses. While one participant described ‘restrictions and caveats 

placed around the use and access’ to data as appropriate (participant 11), many others expressed 
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frustration at the barriers to linkage, with one stating that ‘this is really what is expected of a 

modern-day health system’ (participant 1).  

Several participants talked about the importance of data linkage for COVID-19 vaccine safety 

surveillance and considered that the current ‘emergency situation’ could be a driver for ‘significant 

enhancement’, reflecting that the 2010 influenza vaccine experience had similarly ‘galvanised the 

then-government to decide that further investment was needed’ (participant 6). A vaccine injury no-

fault compensation scheme was also highlighted by several participants as a ‘pillar of vaccine safety 

surveillance’ (participant 14) that exists in most other industrialised countries and a ‘critical’ 

component to meet the challenges of COVID-19 vaccination in Australia.  

‘Essentially for me the big hole is still the lack of linking in real-time 

fashion, immunisation data from a very good register to health 

encounter datasets that already exist. And that’s sort of like a huge 

omission in my opinion, if you want to take vaccine safety seriously.’ 

(participant 14) 

‘I think it’s feasible to get a large level population data-linked system 

up and running quickly. I think to do it at a national level is incredibly 

hard, and would rely on an immense amount of jurisdictional 

collaboration and barrier crunching, but I think you could develop a 

variety of models that would enable something functional to be 

established within several months, that would have vaccine safety 

utility at a representative population level.’ (participant 15) 

5.3.3 Greater integration is essential   

Many participants talked about a lack of integration between AusVaxSafety-Active and the AEMS, 

describing ‘parallel systems’ where notifications may either ‘fall through gaps’ or be duplicated. Data 

governance and system compatibility were raised as potential barriers to integration. Some 

described shared data summaries and networks between individuals and organisations (such as joint 

meeting attendance) as proxies for system integration; enhancements were identified as being 

underway.  

Some participants described the national spontaneous reporting system as ‘fragmented’ and said 

that jurisdictional processes had not necessarily evolved in a ‘coordinated way’ with 

‘everyone…doing it slightly differently’ (participant 1). Participants perceived that integration should 
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be driven from the national level to develop a ‘coordinated federal system’ with ‘consistent uniform 

passive surveillance’ (participant 1) and harmonisation of jurisdictional systems. A few participants 

noted that some jurisdictions were independently working towards electronically merging their data.  

‘I would just love to have an overarching national safety surveillance 

system and having the active and the passive all combined in one. 

I just think that’s got to be our future.’ (participant 12)  

‘There are multiple existing links between Australia’s active and 

passive surveillance systems…the [COVID-19 pharmacovigilance] plan 

aims to…strengthen linkages between the active and passive 

surveillances systems.’ (participant 10) 

5.3.4 Causality assessment improved but room to enhance timeliness and adult assessment 

Many participants discussed improvements in causality assessment in recent years and some stated 

that the current process was professional, responsive and sensitive, with use of an expert panel. 

A number of participants cited recent ‘detailed examination’ of AEFIs following live attenuated 

herpes zoster vaccine as evidence of the improved process. However, participants talked about a 

lack of visibility of causality assessment processes and lack of feedback to the immunisation provider 

community. Several participants raised concerns about the timeliness of causality assessment (‘it 

may take months before something is in the public space’ [participant 1]) and called for a standing 

(rather than ad hoc) causality assessment committee ‘built into the actual framework of the 

surveillance system’ (participant 3), particularly in preparation for COVID-19 vaccines.  

Participants noted that state- and territory-based AEFI clinics and the Adverse Events Following 

Immunisation Clinical Assessment Network (AEFI-CAN) were key elements which provide individual-

level assessment and reassurance. Several participants raised concerns about the availability of 

similar clinics to provide services for adults with complex immunisation-related concerns in some 

jurisdictions, and one participant articulated a need to engage adult services and provide training for 

clinicians for the rollout of COVID-19 vaccines.  

‘I think the last couple of years with the formation of the causality 

group by the TGA, that’s been done far better and far more 

responsively.’ (participant 15)  
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‘We do have a clinical service for adults…I think every state needs to 

have an avenue to try and seek adult review and assessment.’ 

(participant 1) 

5.3.5 Improved relationships, networks and information sharing; importance of robust federal 

leadership 

Close working relationships between the TGA and jurisdictions, as well as the National Centre for 

Immunisation Research and Surveillance (NCIRS), were reported to be ‘fundamental to ensuring 

timely communication around signals of concern’ (participant 10). The monthly TGA teleconferences 

(Table 1) were considered an ‘information sharing forum’ and participants perceived that the quality 

of AEMS data presented had ‘improved massively in the last year’ (participant 15), with newer data 

visualisation approaches more useful than traditional line-listed data. Participants said that reports 

from AusVaxSafety-Active were clear and regular, with one participant stating that monthly reports 

were ‘just so reassuring as a program manager’ (participant 12).  

Participants described a ‘greater network of clinicians and vaccine safety experts’ (participant 11) 

that the TGA had developed over recent years; in particular, the Advisory Committee on Vaccines 

(Figure 2, Table 1) was described as ‘an important new step’ (participant 5). The AEFI-CAN network, 

in which members of the TGA pharmacovigilance branch also participate, was also considered an 

effective communication forum. 

Most participants stated that federal leadership was essential, although a few highlighted ‘collective 

responsibility’ and ‘collaborative relationships’ between stakeholders. Most said that overall 

responsibility resided with the TGA as the regulatory authority with ‘the legislative power to 

undertake rapid regulatory action’ (participant 10); however, several participants commented on the 

need for support from external organisations and other government departments. Some 

participants articulated a greater need for ‘robust federal leadership’ and said there was 

‘compartmentalisation of responsibilities’. Several participants stated that an independent delegated 

authority or agency could have governance over vaccine pharmacovigilance but did not necessarily 

perceive this as a realistic and achievable option. The COVID-19 immunisation program was 

considered an opportunity to clarify and improve governance. 

‘I think it is…appropriate to contract groups that have expertise…to 

get a project done or to get a system running or even maintain that 

system. But ultimately…the vision and the responsibility and the 

investment should be with the federal government.’ (participant 14)  
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‘If we really start to wish upon a star we could say, well, we need a 

national agency of a CDC kind which…has statutory authority and 

independence.’ (participant 6)  

5.3.6 Communication, transparency and the unprecedented challenge of COVID-19 

Participants thought that AusVaxSafety-Active had ‘done a really good job of raising the profile of 

vaccine safety’ (participant 14) for both consumers and providers, and was an ‘incredibly powerful 

tool’ for public confidence, demonstrating transparency (‘we are not afraid of our own data’ 

[participant 17]). The AusVaxSafety website was described as ‘well-presented and very readily 

consumable’ (participant 13), particularly through the use of infographics, although several 

participants commented that providers and consumers may not be aware of the website and that 

communication strategies needed to evolve or were already evolving. 

Participants said that the availability of spontaneous reporting system reports online through the 

Database of Adverse Event Notifications (DAEN) (Table 1, Figure 2) provided transparency, although 

one stated this was not user-friendly and ‘would be very easy to misconstrue or misinterpret’ 

(participant 3). Participants acknowledged that TGA advisories and information on vaccine 

registration processes were available online, although one commented ‘we don’t hear about the 

good news very often’ (participant 9). Some participants were concerned that providers may not be 

adequately aware of the spontaneous reporting system process or reporting requirements, and that 

education may be required for COVID-19 vaccines. 

Participants perceived a high level of vaccine confidence in Australia and a solid base to deal with 

the unprecedented challenges in relation to public scrutiny of COVID-19 vaccines. However, some 

participants were still concerned about the effect of temporally associated AEFI on public 

confidence. Most participants described a need for more transparent communication to build trust, 

with one describing this as similar to ‘the way that the Australian authorities have informed the 

public around the decision-making for COVID-19 vaccines’ (participant 15). Acceptability of COVID-19 

vaccines to healthcare workers was raised as an important issue, particularly given the influence of 

providers on public confidence. Several participants noted that work and planning is ongoing in the 

public communications space, including through international collaboration. 

‘When I’ve done presentations to GPs [general practitioners], I’ve 

certainly shown them what’s available. And when they see what’s 

available, particularly on AusVaxSafety, they really like that and think 



99 

it’s a good communication tool for patients who might be 

concerned.’ (participant 13)  

‘And the way that people responded then when the scourge of polio 

was very visible doesn’t seem to be the way people are responding to 

COVID-19, despite the fact that the death rate overseas has been 

enormous…If we’re going to have to deal with similar disinformation 

here, then that’s an enormous task in terms of vaccine safety.’ 

(participant 17)  

5.4 Discussion 

This study highlights the progressive yet substantial improvement in Australia’s vaccine 

pharmacovigilance systems since the Australian Government’s (Horvath) review of vaccine safety in 

2011. The advances identified in terms of innovation, information sharing and transparent 

communication suggest that Australia is very well placed to conduct ongoing post-marketing 

surveillance for COVID-19 vaccines. However, we also identified weaknesses and barriers; there is an 

opportunity to augment pharmacovigilance approaches to capture later-onset events and a need for 

greater system integration. Interviews were undertaken in mid-2020 in the knowledge that system 

improvements would be developed to address the heightened complexity of safety surveillance for 

COVID-19 vaccines. Changes are being driven through the national COVID-19 vaccine safety 

monitoring plan (130) and recent renewal of the Australian Government-funded AusVaxSafety 

consortium; the findings of this study have been shared with the Australian Government and TGA to 

further inform system developments.  

Participants in our study considered AusVaxSafety-Active a leading innovation, and its effectiveness 

for influenza vaccine post-marketing surveillance and signal detection has been demonstrated. (59) 

In line with our participants’ comments that AusVaxSafety-Active would need to expand to capture 

additional settings and populations for COVID-19 vaccine pharmacovigilance, partnerships with state 

and territory health departments have enabled expansion, with participation of state-run mass 

vaccination clinics. (58) Other sites such as pharmacies, Aboriginal medical services and aged care 

facilities are also being incorporated for COVID-19 vaccine surveillance. However, as described, 

AusVaxSafety-Active aims to monitor early-onset events (generally within 1 week), and our 

participants noted that such methods were not necessarily suited to the detection of later-onset 

events. As explored in Chapter 3, participant-based surveys administered at a time distant from 

vaccination may be of limited value given the potential for recall bias and ascertainment of 
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unrelated medical events. Conversely, while later-onset AEFI may be captured through spontaneous 

surveillance, underreporting is a well-recognised limitation of such systems (27); our participants 

particularly noted underreporting by hospital staff in relation to AEFI that may present late and/or to 

hospitals. Until recently, AusVaxSafety-Active and the spontaneous reporting system have not been 

integrated and have operated as parallel systems; increasingly, with implementation of the 

COVID-19 immunisation program, states and territories have been more focused on reviewing 

medically attended AEFI detected via AusVaxSafety-Active. 

The need to develop more systematic approaches for population-level active surveillance to capture 

later-onset AEFI, including those presenting to hospitals and particularly for AESIs following 

COVID-19 vaccination, was clear from this study. Currently, sentinel hospital-based active 

surveillance is the key modality, outside of spontaneous reporting, through which later-onset and 

hospitalised AEFIs can be captured in Australia. Both PAEDS and FluCAN have been adapted to 

capture data on COVID-19 cases and complications, and PAEDS has been previously tailored to 

monitor specific AESIs, such as intussusception and febrile seizures. (29, 131) While both systems 

have the capacity to expand to AESIs related to COVID-19 vaccines, hospital-based surveillance is 

resource intensive and limited by the number of participating sites. (29) However, for very rare, late-

onset events, such as the newly described thrombosis with thrombocytopenia syndrome (TTS) which 

occurs at an estimated rate of approximately 1 per 100,000 after the first dose of the AstraZeneca 

COVID-19 vaccine (18), patients could present infrequently and to any potential location, including 

secondary and rural hospitals. While spontaneous reporting systems can capture such events, 

systematic approaches to actively monitor large, electronic population cohorts would significantly 

augment surveillance capability. 

The key modality missing from Australia’s suite of resources, as identified in our study, is structured 

and timely access to linked sources of relevant health and demographic data for the purpose of 

pharmacovigilance. This reflects the findings from the quantitative work in this thesis around the 

need for epidemiological analysis using large population-level databases, including those with linked 

data. In this, Australia lags behind other developed countries. The US VSD has been operating since 

1990 and is used not only for testing hypotheses generated from the Vaccine Adverse Events 

Reporting System (VAERS) but also for active surveillance through rapid cycle analysis, comparing 

vaccinated and unvaccinated populations in near-real time. (34) In the UK, the Clinical Practice 

Research Datalink (CPRD) has been operating for 30 years (35); for COVID-19 vaccines, rapid cycle 

analysis is being undertaken. (75) 
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Our participants highlighted barriers to establishing vaccine-specific analyses in large linked 

databases in Australia, despite the existence of many comprehensive, stand-alone electronic health 

databases. Unlike some European countries (33), Australia does not have a unique, personal 

identification number to enable deterministic linkage between health registers, so probabilistic 

matching is required. (121) Further, in contrast to the nine healthcare organisations participating in 

the US VSD, which maintain both individual electronic immunisation records and comprehensive 

healthcare information (31), the Australian Immunisation Register is maintained by the national 

government while timely access to hospital inpatient and emergency department data is facilitated 

by state and territory governments. (65, 132)  

Proof-of-concept studies have linked the Australian Immunisation Register with various healthcare 

datasets, including the National Death Index (121) and hospitalisation data from selected states and 

territories. (132) However, participants in our study echoed previously published concerns around 

complex application, approval and administrative processes, which have led researchers to suggest 

that linkage of the immunisation register with other datasets is not feasible for real-time surveillance 

(65, 66), although it certainly has value for signal investigation and examination of AESIs. In addition, 

vaccine doses are underreported to the immunisation register by providers (133), particularly for 

adults, which has limited its usefulness for linkage. Mandatory reporting of vaccinations to the 

register, implemented in 2021, should improve usefulness in this regard. (134)  

Australia’s National Immunisation Strategy 2019–2024 identifies the need to ‘facilitate opportunities 

for linkage between national immunisation registers and other data collections’ to enhance vaccine 

safety monitoring systems (128, p.23); some of our participants expressed optimism that 

implementation of the COVID-19 immunisation program may be a driver for change, if identified 

barriers can be overcome. Currently, work is ongoing within Australian states and territories to link 

data for the purposes of COVID-19 vaccine pharmacovigilance, including broader, jurisdictional 

access to the Australian Immunisation Register. Further, two Australian organisations (NCIRS and 

Monash Health) are partners in the Global Vaccine Data Network (GVDN), a multinational network of 

researchers with capacity in vaccine data linkage, established to conduct coordinated active 

surveillance of vaccines, including COVID-19 vaccines. (135) Subject to necessary ethics and 

governance approvals for all participating countries and data sources, the GVDN seeks to combine 

data from multiple settings to study AESIs at a global level. 

While our study highlighted improvements in both governance and communication since the 

Horvath Review, with established networks and the creation of the Advisory Committee on Vaccines, 

participants still reflected on a need to clarify and improve governance. In comparable countries, 
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governance of vaccine safety is variably maintained by regulatory medicines authorities and/or 

government public health agencies. (24, 136, 137) Our participants discussed governance options 

including the creation of a central agency, or increased utilisation of external organisations to 

support government. In implementing the COVID-19 immunisation program in Australia, 

relationships between the TGA and independent organisations such as NCIRS have strengthened as 

implementation of more enhanced pharmacovigilance strategies (such as access to linked data to 

determine background rates of key AESIs) has become imperative .   

Participants indicated they believed that transparency has improved, which may reflect 

implementation of reforms aimed at improving community understanding of TGA processes and 

enhancing public trust (124), along with provider and consumer participation in AusVaxSafety-

Active. However, lack of visibility and timeliness around the causality assessment process 

undertaken by the TGA was highlighted as a concern. Participants echoed international calls for 

transparent communication to address the challenges of COVID-19 immunisation program 

implementation.(138, 139) As the pandemic immunisation program has been implemented in 

Australia, there has been a notable increase in content communicated publicly by the TGA, including 

weekly website updates, information on the role and function of the TGA, and safety alerts. (140, 

141) Similarly, the Australian Government has published multiple consumer and health provider 

communications in relation to COVID-19 vaccine safety. (18) The AusVaxSafety website also provides 

weekly data updates and information, with additional detail for COVID-19 vaccines. (58) Further, the 

TGA has periodically communicated the findings of the Vaccine Safety Investigation Group, which 

has brought together individuals with relevant expertise to conduct regular and timely causality 

assessments for cases of TTS following the AstraZeneca COVID-19 vaccine. (140)  

A strength of our study was the broad background of our participants, representing multiple 

stakeholder perspectives in relation to Australia’s post-marketing surveillance systems, including 

consumer, provider, system and government representatives. However, as we selected participants 

based on their roles and expertise, it is possible that we may have obtained a biased perspective, as 

some participants had an ongoing role in vaccine pharmacovigilance in Australia and may have felt 

compelled to provide a positive account of the current systems. In reality, we found many 

participants provided candid assessments, particularly those with more extensive experience, which 

may have been because they were aware that the data would be de-identified and because a 

number were independent of government or the TGA. We were limited by the unavailability of six 

participants who were unable to participate directly in interviews during the COVID-19 pandemic; 

reasons for non-response were not actively sought, but one individual indicated that they were 
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willing to participate but did not have capacity. Where participants did not respond, we ensured that 

we had representation from others who were involved in similar roles; many participants had 

multiple roles. However, the views of participants may not necessarily reflect the views of all 

relevant stakeholders.  

5.5 Conclusion and implications 

There is significant potential for the COVID-19 vaccine safety monitoring plan and program 

implementation to strengthen Australia’s pharmacovigilance system and drive the improvements 

identified here, including an enhanced ability to capture later-onset or very rare AEFIs. While 

evidence of improvement is already apparent, further work is required to build an integrated, 

comprehensive national system. It is also important that this occurs for all vaccines used in Australia, 

and particularly those under the NIP, from both risk and public perception points of view; 

enhancements driven by the implementation of Australia’s COVID-19 immunisation program should 

be embedded in routine safety surveillance for all vaccines.  

As part of a pharmacovigilance strategy for the NIP and to ensure the public are supported to accept 

rare vaccine-related risk, our participants identified the need for a no-fault vaccine injury 

compensation scheme. These schemes exist in most other, similar developed countries, such that 

any person with a serious injury causally related to vaccination can be compensated, promoting 

confidence in the beneficence of the system. (142)  

This study offers a unique perspective of a key 10-year period in Australia’s vaccine safety journey, 

bookended by a significant vaccine safety event in 2010 and implementation of the COVID-19 

immunisation program in 2021. The perspectives of vaccine safety experts in Australia are hugely 

valuable at this critical point in time. While the innovative approach used by AusVaxSafety-Active 

may be valuable for other countries implementing a COVID-19 immunisation program (and is already 

implemented as v-safe in the US), Australia can equally learn from other well-developed systems 

internationally, particularly those with established data linkage systems that are utilised for 

pharmacovigilance. Australia has the opportunity to leverage the current momentum to establish 

and sustain population-level active surveillance and clear governance processes, both for COVID-19 

immunisation and future programs. 
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Conclusion  

The last decade – how far have we come? 

Over the past decade, Australia’s vaccine pharmacovigilance approach has developed into a diverse 

suite of systems. This thesis has explored several of those systems, contextualising both the value 

and limitations of each in the context of specific, topical vaccines (Table 3). A variety of analytical 

methods has been used to interrogate data and explore the contribution of the systems to complex 

questions. The quantitative analyses presented have demonstrated the breadth of information 

gained from descriptive analysis of surveillance data over time, the added value of detailed cohort 

event monitoring (CEM), and the need for assessment of risk using epidemiological methods such as 

the self-controlled case series analysis. The review article presented in Chapter 1 draws out the 

appropriate use of all vaccine pharmacovigilance methods, guiding the strategic implementation of a 

multi-faceted suite of methods. The qualitative analysis demonstrates the relevance of the rich 

insights that stakeholder perceptions can bring to evaluating and informing the system as a whole. 

Individually, the strengths of each vaccine pharmacovigilance method have been demonstrated. A 

spontaneous reporting system is an essential, base component of any vaccine pharmacovigilance 

system to enable early ascertainment of rare, potentially serious, and unexpected events, to identify 

signals and generate hypotheses that require further testing. (5, 23, 143) The qualitative study 

presented in Chapter 5 suggests that Australia’s spontaneous reporting system benchmarks well 

with similar systems in other developed countries. This is supported by the useful information 

gained and published in the longitudinal analysis of human papillomavirus (HPV) vaccine in 

Chapter 2, with findings comparable to an analysis of the same vaccine within the US Vaccine 

Adverse Events Reporting System (VAERS) database. (100) Further, analysis of Australian data was 

enriched by accurate denominator data on doses administered and by data from an enhanced 

surveillance period. However, the usefulness of spontaneous reporting systems is limited in 

isolation. Its value can be extended by combining it with other data sources. For example, 

comparison of spontaneous reports of fatigue syndromes with background rates calculated from the 

Clinical Practice Research Datalink (CPRD) as part of the UK’s enhanced pharmacovigilance strategy 

for HPV vaccine provided valuable information indicating an absence of association between 

vaccination and those syndromes. (36)  

Similarly, the value of AusVaxSafety-Active in monitoring short-term adverse events following 

immunisation (AEFIs) following influenza vaccine has been validated through published studies (59, 
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71, 107), and the unique pharmacovigilance study of herpes zoster vaccine presented in Chapter 3 

supports the usefulness of AusVaxSafety-Active in providing near-real-time data on reactogenicity, 

including in older adults. The system has potential to further support the rollout of vaccines in sub-

populations; for example, the US v-safe system, which is modelled in part on AusVaxSafety-Active, 

has been used to generate much needed data on the safety profile of COVID-19 vaccines in pregnant 

women, and to create a pregnancy registry for COVID-19 vaccines. (108) AusVaxSafety-Active utilises 

information technology approaches to vaccine pharmacovigilance through mhealth; other 

technological advances in pharmacovigilance, such as advanced statistical techniques to analyse 

patterns within large datasets, are also required. (143) 

Table 3 Strengths and limitations of key pharmacovigilance systems in Australia 

System Methodology Value Limitations  

Adverse Events 
Management 
System (AEMS) 

Passive 
surveillance 

Identification of rare and 
later-onset, unexpected 
events 

Well established 

Rapid signal identification 
if reporting is timely 

 

Underreporting 

Stimulated reporting 

Incomplete data 

Lack of denominator data 

No unvaccinated comparator 
population  

Jurisdictional differences  

AusVaxSafety-Active  Cohort event 
monitoring 

Profiling of reactogenicity 

Rapid data accumulation 

Less resource intensive 
than other active 
surveillance  

Lack of denominator data 

No unvaccinated comparator 
population 

Not well suited to surveillance for 
later-onset events 

Adverse Events 
Following 
Immunisation 
Clinical Assessment 
Network (AEFI-CAN)  

Network of 
vaccine 
specialist clinics 
and staff 

Individual clinical 
assessment 

Detailed case information 
and case validation 

Resource intensive 

Lack of denominator data 

No unvaccinated comparator 
population 

Paediatric Active 
Enhanced Disease 
Surveillance (PAEDS)  

Sentinel 
hospital-based 
active 
surveillance 

Identification of rare and 
later-onset pre-specified 
events 

Detailed case information 
and case validation 

Resource intensive 

Lack of denominator data 

No unvaccinated comparator 
population 

Healthcare 
databases (e.g. 
MedicineInsight) 

Epidemiological 
study 

Unvaccinated comparator 
population (or self-
controlled) 

Large population 

Can potentially be used 
for both signal detection 
and investigation  

Lack of case validation 

Data linkage needed to include all 
health events (e.g. hospitalised) 

Data access not timely or 
streamlined so not useful in real 
time 

Lag in data coding 
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Despite its benefits, CEM is limited when used in isolation and integration with passive surveillance is 

required. In some jurisdictions, AusVaxSafety-Active reports that involve medical attendance are 

escalated to the spontaneous reporting system and individuals reporting an AEFI are linked into 

adverse events clinics. (47, 48, 144) Systematic integration would leverage the potential for 

AusVaxSafety-Active to identify such serious AEFIs or, through adaptation of surveys, to confirm 

signals that may have been identified through passive surveillance. To handle solicited reporting 

from AusVaxSafety-Active, any integration would need to identify the reporting source and use the 

marker of medical attendance as a proxy for serious AEFIs. Further, overarching governance 

structures would be required to facilitate integration and a coordinated response to vaccine safety 

issues. 

As described in Chapter 3, and further highlighted in Chapter 5, CEM may not be suited to the 

detection of later-onset AEFI. While these may be identified through spontaneous reporting 

systems, it is well recognised that signals generated by passive surveillance require confirmation, 

and resulting hypotheses require testing. (5, 143) One important step is to compare the rate of an 

identified adverse event of special interest (AESI) with the background rate of the condition of 

interest, as described above in the example of HPV vaccine and fatigue syndromes from the UK. The 

‘background rate’ is the incidence observed in a population in the absence of the vaccine; comparing 

the observed incidence in a vaccinated population to the expected background incidence will 

provide information about whether the reported AESI has occurred by chance. (102) Establishing 

background rates – in different populations, ages, countries and time periods – requires a list of 

AESIs to be generated as part of immunisation program planning; this necessitates a strategic and 

coordinated approach. Access to electronic healthcare data in which to conduct analyses is also 

required so that rates are generated from contextual, recent and population-specific data. (102) 

While providing useful evidence to assess signals, comparison to background rates alone does not 

determine causality. To definitively test hypotheses, it must be demonstrated that the risk in 

vaccinated individuals is greater than the risk in unvaccinated people. (5) As indicated throughout 

this thesis, population-level active surveillance and epidemiological studies conducted within large 

databases are critical elements of a robust, multi-faceted and adaptive vaccine pharmacovigilance 

system. Epidemiological studies can be designed and implemented for specific AESIs; active 

surveillance within population-level databases (such as rapid cycle analysis within the US Vaccine 

Safety Datalink [VSD]) can be adapted to compare specific AESIs in vaccinated and unvaccinated 

individuals in near-real time. (31, 34)  
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Chapter 1 highlighted the value of such methods in providing high-quality data to confirm the safety 

profile of HPV vaccine and in refuting unsubstantiated claims that damage vaccine confidence. 

Chapters 2, 3 and 4 documented the value of Australia’s existing pharmacovigilance mechanisms but 

highlighted the need to take this information to the next level and test hypotheses within large, 

electronic healthcare databases linked to both hospitalisation data and the Australian Immunisation 

Register. Finally, Chapter 5 provided a rich understanding of the perspective of Australian experts, 

demonstrating that active, population-level surveillance is critical to address vaccine safety 

challenges now and in the future. 

Barriers to implementing data linkage approaches in Australia have been previously explored and 

described. (65, 66) The absence of these mechanisms within Australia’s public health infrastructure, 

including for vaccine pharmacovigilance, is increasingly in contrast to comparable countries. 

However, efforts to expand activity in this space have occurred and may be gaining pace in the 

context of the pandemic vaccine rollout. The Population Health Research Network was conceived 

10 years ago to establish cross-jurisdictional data linkage, and has become a national network for 

data linkage units, a secure data laboratory and a support service for researchers that has been used 

for formal research studies on vaccine effectiveness. (145) More recently, the National Integrated 

Health Services Information (NIHSI) Analysis Asset has the potential to provide a national repository 

of information and include immunisation register data in the future. (146) However, currently, there 

is no established, routine data linkage for vaccine safety in Australia and no nationally coordinated 

approach to either active surveillance or epidemiological analysis within population-level datasets. 

The pandemic – current and future impacts 

This thesis was conceived in 2016, 4 years before the COVID-19 pandemic. Many of the findings 

around the limitations of current systems and the need for adaptive, multi-faceted approaches 

within a strategic implementation context have come into sharp focus with the rollout of COVID-19 

immunisation programs – both in Australia and globally. For COVID-19 vaccines, the use of novel 

platforms and the simultaneous widespread use of multiple vaccines, largely under emergency use 

authorisation and in a pandemic context, is lifting vaccine safety science well beyond what was 

expected at the outset of this thesis.  

At the time of writing, the end of the pandemic was not in sight; yet COVID-19 vaccines have already 

sparked safety concerns globally and the importance of a robust approach to assess the ongoing 

balance of benefit and risk could not be more important at this time. Some of the early issues, such 

as the occurrence of expected immediate adverse events (described as ‘influenza-like symptoms’), 
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are related to the recognised immune response or reactogenicity of the vaccine, but without clear 

communication, may have a significant impact on vaccine uptake. (15) These AEFIs are well suited to 

surveillance via AusVaxSafety-Active and rates have been regularly communicated on the 

AusVaxSafety website, allowing program managers, providers and the public to understand what to 

expect following vaccination. (58) Others AEFIs, such as anaphylaxis, are well captured by 

spontaneous reporting systems, given that the event occurs soon after vaccination and is serious so 

likely to be reported. (147) Pre-defined AESIs such as vaccine-associated enhanced disease are well 

suited to monitoring through active, sentinel hospital-based surveillance such as Paediatric Active 

Enhanced Disease Surveillance (PAEDS). (148) Now more than ever, the multi-faceted and adaptive 

suite of resources described in this thesis is needed to monitor the spectrum of safety issues 

potentially related to COVID-19 vaccines. 

The detection in Europe of a syndrome of thrombosis with thrombocytopenia (TTS) following the 

AstraZeneca COVID-19 vaccine created global concern. (16) Subsequently, there were similar reports 

of the syndrome following the Janssen COVID-19 vaccine (which uses a similar platform) in the US. 

(149) In Europe, the UK and the US, extensive work was undertaken after the signal was identified to 

compare rates of reported, unusual thromboses with background rates, thereby confirming the 

signal. (150, 151) Some of these analyses relied on access to linked data, including through the VSD 

in the US (152); a population-based cohort study using linked data from Scandinavian healthcare 

registers concurrently explored thromboembolism, thrombocytopenia and bleeding following 

vaccination with the AstraZeneca COVID-19 vaccine. (120) 

At the time of writing, the World Health Organization (WHO) has called for epidemiological studies 

to understand the risk of TTS, including in specific sub-populations (by age and sex). (19) It is likely 

that vaccine safety issues will continue to emerge for COVID-19 vaccines, either due to real, 

unexpected events related to the new platforms, or to heightened media attention and increased 

reporting influenced, at times, by tenuous vaccine confidence. For example, at the time of writing, a 

signal from one country is emerging for myocarditis following vaccination with mRNA COVID-19 

vaccines, underpinning the importance of understanding population-specific background rates (153) 

and having capacity to rapidly estimate risk in vaccinated and unvaccinated populations. (154) For 

Australia, the ability to rapidly and systematically interrogate population-level data to determine 

age- and sex-specific background rates and to investigate, confirm and respond to safety signals is 

urgently required, both to ensure the ongoing benefit–risk balance of the immunisation program in 

Australia and also to enable a greater global contribution.  
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Australia in a global context 

Australia is part of a global community, the reality of which has become intensely clear through the 

COVID-19 pandemic and associated immunisation program. While it is imperative that Australia has 

the capacity for comprehensive country-level pharmacovigilance, we also have a responsibility, as a 

developed country, to contribute globally and to support low- and middle-income countries in our 

region. 

It is recognised that vaccine pharmacovigilance, particularly for the detection and validation of rare 

and population-specific safety signals, requires the use of data within large collaborative networks as 

well as in individual countries. (6) These collaborative networks (‘distributed data networks’) use 

common protocols and analysis methods, either analysing data locally with subsequent meta-

analysis, or pooling data across sites and countries. These methods increase both sample size and 

heterogeneity, but technical and coding solutions and governance frameworks must be carefully 

established. (6, 155) In Europe, the multinational Vaccine Monitoring Collaboration for Europe 

(VAC4EU) project is a dedicated network allowing rapid and systematic assessment of vaccine 

benefits and risk; it is monitoring COVID-19 vaccines across eight European countries. (155) For 

Australia, participation of two key organisations (the National Centre for Immunisation Research and 

Surveillance, and Monash Health) in the multinational Global Vaccine Data Network will hopefully 

fast-track development and consolidation of capacity in vaccine data linkage and coordinated active 

surveillance of vaccines. (135)  

The WHO’s Immunisation Agenda 2030 is underpinned by the need for partnerships and for 

evidence-based decision-making, to extend the benefits of vaccines, globally and across the life 

course. (4) There will be an ongoing need for vaccines to prevent morbidity and mortality from both 

existing and emerging diseases, and safety challenges will continue to arise. As vaccine science 

evolves, novel platforms that have been successful in the COVID-19 pandemic (particularly mRNA 

vaccines) may be used more broadly. These new vaccines are expected to have different 

characteristics from traditionally used products, which will require adaptation of pharmacovigilance 

approaches. (156) Further, emerging research into ‘adversomics’, which studies the drivers of AEFIs 

at a molecular level through immunogenomics, will underpin a need for tailored and adaptable 

methods to examine associations in specific populations. (157) Globally, there must be capacity to 

rapidly and accurately assess the balance between benefit and risk. (143) 

  



110 

Summary and recommendations  

This thesis hypothesised that multi-faceted and adaptive vaccine pharmacovigilance methods are 

necessary to monitor vaccine safety in real-world conditions in Australia and ensure an ongoing 

positive benefit–risk balance for vaccines and immunisation programs. The pharmacovigilance 

landscape has evolved over time and now represents a more complex system, including a range of 

modalities that have demonstrated their value and adaptability to address various vaccine safety 

scenarios over the past decade. Clearly lacking, however, is a structured approach to active 

surveillance based on population-level data, including linked data.  

What is now apparent, and has been brought into sharp focus through the COVID-19 immunisation 

program, is the need to overcome barriers and facilitate streamlined and timely access to linked 

healthcare data to enable comparison of vaccinated and unvaccinated populations. Further, while 

Australia’s systems are diverse, adaptive and complementary, coordination and integration are 

needed to ensure a strategic approach to implementing surveillance now and into the future. Finally, 

through strengthening its own systems, Australia has the opportunity to make a contribution to an 

international body of evidence, which will in turn support our own programs.  

This thesis therefore concludes with the following recommendations: 

1. Develop nationally coordinated and systematic approaches for population-level active 

surveillance within a strategic framework that facilitates streamlined access to large, linked 

patient cohorts; analysis using robust epidemiological methods; and rapid adaptation to new 

pharmacovigilance challenges.  

A major limitation of Australia’s pharmacovigilance system is the lack of a systematic approach to 

identify safety signals, or to confirm and investigate vaccine safety issues, particularly for later-onset 

and rare AEFIs and AESIs. To become comparable with similar countries, a nationally coordinated 

approach to routine population-level active surveillance is required, similar to systems used in the 

US (Vaccine Safety Datalink [VSD]), the UK (Clinical Practice Research Datalink [CPRD]) and 

Scandinavia.  

2. Better integrate Australia’s suite of pharmacovigilance resources to create a multi-faceted 

and adaptive system that can rapidly respond, in a coordinated manner, to vaccine safety 

challenges under real-world conditions. 
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Improved integration of passive and active surveillance systems is needed to ensure that planning, 

data collection, analysis and response are coordinated, utilising the strengths of each system and 

allowing overlapping methodologies to fill gaps that would be created by relying on singular systems. 

While some gains have been made since the COVID-19 immunisation program commenced, greater 

efficiency and effectiveness will stem from having a ‘whole-of-system’ approach to integrated 

surveillance. 

3. Vaccine pharmacovigilance should be focused, purposive and informed by clear governance 

structures that value and drive innovation, with representation from both government and 

public health organisations, and benchmarking through a regular monitoring and evaluation 

framework.  

To ensure a strategic approach to coordination and cohesion, pharmacovigilance activities should be 

planned and articulated, governance arrangements should be clear, and monitoring and evaluation 

should occur routinely.  

4. Peak national organisations should leverage opportunities to contribute to an international 

body of evidence in vaccine pharmacovigilance as part of a global community. 

Australia is often an early adopter of vaccines and, through a comprehensive and funded National 

Immunisation Program, often achieve high coverage rapidly. Through strengthening country-based 

systems, Australia can make a greater global contribution to the vaccine safety landscape and, 

through these networks and relationships, continue to adapt and implement progressive and 

technology-focused vaccine pharmacovigilance systems.   

5. Ensure that the healthcare community and the public contribute to vaccine 

pharmacovigilance and are well informed about the risk of vaccines in relation to their 

benefit. 

As immunisation programs become more complex and extend across the lifespan, and as novel 

pandemic vaccines are broadly implemented, providers and consumers must be aware of the risk 

profile of individual vaccines, as well as understand their value, both for individual protection and 

population-level immunity.  
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Appendices 

Appendix A: Appendices to publication 1 

This appendix includes the supplementary material related to the study in Chapter 1. Five tables are 

presented which list and summarise all HPV vaccine safety studies included in this review article. 

Articles are categorised by study type to demonstrate the levels of published evidence assessed. 

Reprinted by permission from Springer Nature: Springer, Drug Safety, ‘Safety of human 

papillomavirus vaccines: an updated review’, Anastasia Phillips, Cyra Patel, Alexis Pillsbury, Julia 

Brotherton, Kristine Macartney. Springer International Publishing (2017). 
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Appendix B: Author’s reply in response to comment on publication 1 – Macartney K, 

Phillips A, Patel C, Pillsbury A, Brotherton J. Authors’ reply: Safety of human 

papillomavirus vaccines. Drug Safety. 2018; 41 (5): 541–543. 

This letter was written in response to two commentary letters that were published following 

publication of the review article in Chapter 1. This letter demonstrates the ongoing need to reinforce 

the importance of undertaking epidemiological studies in large populations to test hypotheses 

generated by case series and passive reporting systems. While some authors within the scientific 

community continue to reinforce the validity of lower levels of evidence, there is a risk that 

programmatic decisions will be made on the basis of inadequate evidence, with an associated risk of 

reductions in vaccine confidence and harm from vaccine-preventable diseases.  

Reprinted by permission from Springer Nature: Springer, Drug Safety, ‘Authors’ reply: Safety of 

human papillomavirus vaccines’, Kristine Macartney, Anastasia Phillips, Cyra Patel, Alexis Pillsbury, 

Julia Brotherton. Springer International Publishing (2018). 
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Appendix C: Interview guide for Chapter 5: From program suspension to the 

pandemic: a qualitative examination of Australia’s vaccine pharmacovigilance system 

over 10 years 
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Participant from a Government organisation or national advisory group 

Q Topic Guiding questions Planned follow up questions 

1 Introduction  Tell me about your role in 
vaccine safety in Australia 

 

2 Current systems 
and integration 

What are your views on the 
various vaccine safety systems 
available in Australia 
currently? 

How do you think vaccine safety monitoring systems in Australia have changed over the past 
ten years? 
 
Do you think that vaccine safety arrangements are aligning with international best practice?  
 
What are your views on the TGA’s passive vaccine safety surveillance system? 
 
What are your views on the AusVaxSafety active surveillance system? 
 
What are your views on AEFI-CAN? 
 
How well integrated are these systems? 
 
Are there any jurisdictional vaccine safety surveillance systems that are performing particularly 
well? What lessons can we learn from these? 
 
What are the limitations of the current systems? 
 
Are there gaps?  
 
Are systems sufficient to monitor the rapid roll out of a pandemic vaccine? 
 
Are there emerging opportunities for data linkage, as outlined in the National Immunisation 
Strategy? 
  

3 Reporting and 
analysis 

What are your views on the 
analysis and reporting of AEFI 
data in Australia?  

How well do you think analysis and reporting is aligned with international best practice?  
 
Would signal detection be possible based on current analysis and reporting? 
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4 Investigation and 
causality 
assessment 

What are your thoughts on 
Australia’s process for the 
investigation of individual 
AEFIs and clusters, and for 
causality assessment? 

How well do you think investigation and causality assessment is aligned with international best 
practice?  
 
Do you have any suggestions for how the processes could be improved? 
 

5 Roles and 
responsibilities  

I’m interested in your 
thoughts on how various 
organisations are undertaking 
their roles and responsibilities 
in vaccine safety.  

Are roles and responsibilities sufficiently clear and embedded? 
 
Do you think that timeliness and completeness of AEFI notification, a key action in the National 
Immunisation Strategy, is improving? 
 
Do you think providers are sufficiently aware of AEFI notification systems?  

6 Communication  How does communication 
around vaccine safety in 
Australia impact on 
community confidence in the 
immunisation program? 

Has there been a change over the past 10 years? 
 
Are there examples of where Australia has done well? 
 
Are there examples where communication could have been improved? 
 
How well is Australia placed to communicate vaccine safety messages during the roll-out of a 
pandemic vaccine?  

7 Governance  What are your thoughts about 
the governance of vaccine 
safety in Australia? 

Which organisation do you feel is the focal point for vaccine safety surveillance in Australia? Is 
this appropriate?  
 
What are your views on the effectiveness of vaccine safety plans? 

8 Future The current National 
Immunisation Strategy 
prioritises continuing to 
enhance vaccine safety 
monitoring systems. What can 
you point to that suggests this 
is occurring? 

What are the key gaps? 
 
How can the Australian Immunisation Register be improved to enhance vaccine safety 
monitoring systems?  
 
What is the role for data linkage? 
 
Is the system sufficiently robust to monitor the safety of a rapidly rolled-out pandemic 
vaccine? 
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Participant from Primary Care 

Q Topic Guiding questions Planned follow up questions 

1 Introduction  Tell me about your role in 
immunisation and vaccine 
safety in Australia 

 

2 Current systems 
and integration 

What are your views on the 
various vaccine safety systems 
available in Australia currently? 

How do you think vaccine safety monitoring systems in Australia have changed over the past 
ten years? 
 
Are current vaccine safety arrangements appropriate and ‘fit for purpose’ from a primary care 
perspective?  
 
What are your views on the TGA’s passive vaccine safety surveillance system? 
 
What are your views on the AusVaxSafety active surveillance system? 
 
What are your views on specialist (tertiary) vaccine safety clinics for individual patient review? 
 
How well integrated are these systems? 
 
Are there any state or territory-based vaccine safety surveillance systems that are performing 
particularly well? What lessons can we learn from these? 
 
What are the limitations of the current systems? 
 
Are there gaps?  
 
Are systems sufficient to monitor the rapid roll out of a pandemic vaccine?  

3 Reporting and 
analysis 

Based on what you have seen 
in your role, what are your 
views on the analysis and 
reporting of AEFI data in 
Australia?  

How useful do you think current vaccine safety reporting is for primary care?  
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4 Investigation and 
causality 
assessment 

What are your thoughts on 
Australia’s processes for 
investigating reported cases of 
AEFI? 

How appropriate/useful do you think current processes for reviewing and assessing AEFI from 
a primary care perspective?  
 
Do you have any suggestions for how the processes could be improved? 

5 Roles and 
responsibilities  

I’m interested in your thoughts 
on how various organisations 
are undertaking their roles and 
responsibilities in vaccine 
safety.  

What do you see as the role for primary care? Is this role clear to providers? 
 
Do you think that timeliness and completeness of AEFI notification by providers, a key action 
in the National Immunisation Strategy, is improving? 
 
Do you think providers are sufficiently aware of AEFI notification systems?  

6 Communication  From your position in primary 
care, does communication 
around vaccine safety in 
Australia impact on community 
confidence in the 
immunisation program? 

Has there been a change over the past 10 years? 
 
Are there examples of where Australia has done well? 
 
Are there examples where communication could have been improved? 
 
How well is Australia placed to communicate vaccine safety messages during the roll-out of a 
pandemic vaccine?  

7 Governance  What are your thoughts about 
the oversight of vaccine safety 
in Australia? 

Which organisation do you feel is the focal point for vaccine safety surveillance in Australia? Is 
this appropriate?  
 
 

8 Future The current National 
Immunisation Strategy 
prioritises continuing to 
enhance vaccine safety 
monitoring systems. What can 
you point to that suggests this 
is occurring? 

What are the key gaps? 
 
Is the system sufficiently robust to monitor the safety of a rapidly rolled-out pandemic 
vaccine? 
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Consumer participant 

Q Topic Guiding questions Planned and potential follow up questions 

1 Introduction  Tell me about your knowledge 
of and interest in immunisation 
and vaccine safety in Australia 

 

2 Current systems 
and integration 

What are your views on the 
various vaccine safety systems 
available in Australia currently? 

How do you think vaccine safety monitoring systems in Australia have changed over the past 
ten years? 
 
How are vaccine safety arrangements viewed by Australian consumers, including  in 
comparison to other countries?  
 
Are you confident in the adequacy of vaccine safety systems in Australia to monitor the rapid 
roll out of a pandemic vaccine? 
 
Potential more specific questions depending on pre-existing knowledge: 
What are your views on the TGA’s passive vaccine safety surveillance system? 
 
What are your views on the AusVaxSafety active surveillance system? 
 
What are your views on specialist (tertiary) vaccine safety clinics for individual patient 
review? 
 
How well integrated are these systems? 
 
Are there any state or territory-based vaccine safety surveillance systems that are 
performing particularly well? What lessons can we learn from these? 
 
What are the limitations of the current systems? 
 
Are there gaps?  
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3 Reporting, 
analysis and 
communication  

Based on what you know, what 
are your views on how vaccine 
safety information is analysed 
and publicly reported in 
Australia?  

How well do you think vaccine safety information is communicated to  consumers?  
 
How does communication around vaccine safety in Australia impact on community 
confidence in the immunisation program?  
 
Are there examples of where Australia has done well? 
 
Are there examples where communication could have been improved? 
 
How is Australia placed to communicate vaccine safety messages during the roll-out of a 
pandemic vaccine? 

4 Roles and 
responsibilities  

I’m interested in your thoughts 
on the roles and responsibilities 
of various organisations and 
groups in vaccine safety.  

Are the roles of immunisation providers clear and well defined? 
 
Are the roles of government organisations clear and well defined? 
 
What do you think is the role of consumers? 
 
Do you think that consumers are sufficiently aware of the importance of reporting AEFI?  
 
Do you think that immunisation providers are sufficiently aware of the importance of 
reporting AEFI? 

5 Governance  What are your thoughts about 
the oversight of vaccine safety 
in Australia? 

Which organisation do you think has oversight of vaccine safety monitoring in Australia? Is 
this appropriate?  
 

6 Future The current National 
Immunisation Strategy 
prioritises continuing to 
enhance vaccine safety 
monitoring systems. What can 
you point to that suggests this is 
occurring? 

Do you think there are any gaps or issues with vaccine safety monitoring in Australia? 
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Appendix D: Additional letter: McIntyre P, Phillips A, Brotherton J, Tatley M. 

Improving detection of rare or poorly defined adverse events – analysis poorly 

grounded in evidence [Letter re: Chandler R. Modernising vaccine surveillance 

systems to improve detection of rare or poorly defined adverse events]. BMJ Rapid 

Responses. 9 July 2019: 365: I2268. https://doi.org/10.1136/bmj.l2268  

This letter was written in response to an analysis piece that selectively cited the literature, did not 

address background incidence and supported the inappropriate use of passive surveillance data. It 

was written to counter emerging themes from some authors that, when published, increase the risk 

of harm from vaccine-preventable disease through reducing vaccine confidence.  

Reproduced with permission of publisher (BMJ Publishing Group). 
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Appendix E: Additional publication: Phillips A, Beard F, Macartney K, Chan J, 

Gilmour R, Saravanos G, McIntyre P. Vaccine-preventable child deaths in New South 

Wales from 2005 to 2014: How much is preventable? Journal of Paediatrics and Child 

Health. 2018; 54 (4): 356–364. 

This paper is included to provide background on the benefit of vaccines. While the thesis focuses on 

vaccine pharmacovigilance and the risk side of the benefit-risk equation, it is important to reinforce 

the benefits of vaccination, particularly in an era of complacency.  

Reproduced with permission of publisher (John Wiley and Sons). 

© 2018 Paediatrics and Child Health Division (The Royal Australasian College of Physicians) 
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Appendix F: Peer-reviewed conference presentations based on PhD work  

Totterdell J, Phillips A, Glover C, Chidwick K, Marsh J, Snelling T, Macartney K. Safety of live 

attenuated herpes zoster vaccine in adults 70 to 79 years: a self-controlled case series analysis using 

primary care data from the MedicineInsight program. Public Health Association of Australia 17th 

National Immunisation Conference; 2021: Perth, Australia. 

Phillips A, Hickie M, Totterdell J, Brotherton J, Dey A, Hill R, Snelling T, Macartney K. Adverse events 

following HPV vaccination: 11 years of surveillance in Australia. Public Health Association of Australia 

Communicable Diseases Control Conference; 2019: Canberra, Australia. 

Phillips A, Patel C, Pillsbury A, Brotherton J, Macartney K. Safety of Human Papillomavirus Vaccines: 

An Updated Review. Public Health Association of Australia 16th National Immunisation Conference, 

2018: Adelaide, Australia. 

Phillips A, Beard F, Macartney K, Chan J, Gilmour R, Saravanos G, McIntyre P. Child deaths from 

vaccine preventable infectious diseases, New South Wales, 2005 to 2014. Public Health Association 

of Australia Communicable Diseases Control Conference; 2017: Melbourne, Australia. 

Phillips A, Quinn H, Pillsbury A, Macartney K, AusVaxSafety consortium. AusVaxSafety: a new active 

vaccine safety surveillance system in Australia. Public Health Association of Australia Communicable 

Diseases Control Conference; 2017: Melbourne, Australia. 

Pillsbury A, Quinn H, Phillips A, Macartney K, AusVaxSafety consortium. Flexible active, real-time 

vaccine safety surveillance: customising AusVaxSafety to monitor new vaccines. Public Health 

Association of Australia Communicable Diseases Control Conference; 2017: Melbourne, Australia. 

Quinn H, Pillsbury A, Phillips A, Macartney K. Searching for swollen little limbs: AusVaxSafety 

expands to monitor pertussis booster vaccines. Public Health Association of Australia Communicable 

Diseases Control Conference; 2017: Melbourne, Australia. 




