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Abstract

Vaccines are a cornerstone of public health saving millions of lives each year, however,
adverse events following immunisation (AEFI) are a reality. Comprehensive post-
licensure vaccine safety surveillance is therefore essential to maintain confidence in

immunisation, inform policy and ensure the ongoing safety of immunisation programs.

Vaccine pharmacovigilance in Australia has been criticised and found inadequate due
to its inability to inform on vaccine safety events in a timely manner. In 2010 this
meant failure to prevent serious neurological sequalae arising from increased febrile
reactions with one particular brand of influenza vaccine. Subsequent expert reviews of
Australian AEFI surveillance proposed the Victorian state-level enhanced passive
surveillance system “SAEFVIC” as a potential model system, with suggestion to expand
to jurisdictions that did not have robust AEFI surveillance. However, despite this
recommendation, no evaluation of SAEFVIC’s ability to provide effective vaccine

pharmacovigilance had been undertaken.

My doctoral research evaluates “SAEFVIC”, the Victorian AEFI surveillance system’s
ability to detect and investigate emergent vaccine safety issues with the findings
presented in a range of publications and discrete reviews. Within this thesis | have
developed real-time investigation of vaccine safety issues, which have informed policy
decisions on immunisation program delivery and ensured community confidence.
Description of the system epidemiology provides a foundation for research integrity.
Individual studies have identified opportunities for improvement and guided

amendments to data collection to better inform on at-risk populations.

| explored and applied a simple, feasible and replicable measure of disproportionality
for signal detection enabling implementation of routine signal detection. The
establishment of contemporary reporting and visualisation has contributed to national
expansion of SAEFVIC as an integrated surveillance platform, markedly increasing

national capability to provide “comprehensive and effective post-licensure AEFI



surveillance critical to maintain confidence in immunisation and inform evidence-

based policy for vaccine safety”.

My research has provided the evidence-base to optimise the SAEFVIC passive AEFI
surveillance system and—through translation of the findings into policy and practice—
helped consolidate Victoria as a leader in Australian AEFI surveillance, a major
southern hemisphere partner in global AEFI surveillance and ultimately made

immunisations safer.

The timeliness of my doctoral thesis has become prophetically pertinent in the midst
of the 2020 global Coronavirus SARS-CoV-2 crisis, with calls for development and
release of novel vaccines at “pandemic speed”, highlighting the need for robust and

timely vaccine safety surveillance.
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Chapter 1: Introduction

In February 2009 | joined the SAEFVIC team as the Epidemiologist and Surveillance
Manager, working part-time (0.4EFT). SAEFVIC is a central reporting enhanced passive
surveillance system integrated with clinical services in the state of Victoria, Australia. It
provides expert immunisation safety advice to reporters and health-care workers, as
well as for children and adults who have experienced an adverse event following

immunisation (AEFI)(1).

SAEFVIC had commenced two years earlier in the May of 2007, with the stated

objectives to 1) improve reporting of AEFI 2) detect, validate and inform on potential
vaccine safety signals and 3) to help maintain confidence in immunisation services(1).
The system had originated as a voluntary paper-based reporting service and was now

seeing increasing uptake by general practice and immunisation services across Victoria.

As an incoming epidemiologist it was soon apparent that there was little
documentation of the surveillance system structure, efficiency and effectiveness.
Within the first 12-months of my joining SAEFVIC the system was twice challenged.
First in 2009, when Australia initiated rapid deployment of a new vaccine for
circulating pandemic influenza strain HIN1pdm2009, for which there was prior
precedent from a 1976 pandemic vaccine of potential serious AEFI with paralysing
Guillain Barré Syndrome (GBS)(2). While subsequent studies identified minimal
increased risk of GBS with the 2009 vaccine(3-5), the performance characteristics of
Australia’s AEFI surveillance systems were brought into question(6). This event was
shortly followed in 2010 by an increase in fever and febrile seizures associated with
the Australian-manufactured Fluvax® brand of seasonal influenza vaccine that resulted
in severe brain damage in at least one previously healthy infant(7, 8). The speed of
recognising the problem and calling for cessation of vaccine administration to the
vulnerable infant group was severely criticised(6, 9). As a result, formal investigations
of events were undertaken to review national surveillance processes and ability to
raise timely alerts. Central to the findings of two expert reviews, led by Stokes and
Horvath respectively, was the lack of a comprehensive national AEFI surveillance
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system(6, 9). Instead, they described fragmented and divergent jurisdictional systems
with inadequate capacity to inform vaccine pharmacovigilance(6). Victoria’s SAEFVIC
service was cited as a robust system with potential to be modelled by those

jurisdictions lacking appropriate AEFI surveillance(9).

The concept for this PhD emerged from the reviews’ premise that SAEFVIC was
suggested as a model system for Australia; albeit in the absence of any comprehensive
assessment of the system’s effectiveness in achieving its purpose. It was therefore
imperative that SAEFVIC be evaluated according to its purported objectives and
strengthened to ensure safe immunisation in Victoria and prior to any potential

expansion as a national system for vaccine safety surveillance in Australia.

1.2 Rationale

At commencement of this PhD in 2013, SAEFVIC had been in operation for five years.
Vaccine pharmacovigilance in Australia had recently been criticised and found
inadequate, with SAEFVIC suggested as a potential model system in the review by

Stokes(9): a finding reiterated a year later in the Horvath review(6).

However, despite this recommendation, no evaluation of SAEFVIC’s ability to provide

effective pharmacovigilance surveillance had been undertaken.

Therefore we wanted to know how SAEFVIC was performing and what opportunities
existed to optimise the surveillance system for vaccine pharmacovigilance in Victoria,
especially before considering any expansion as a nationally available surveillance

system.

This doctoral research work is original in that it provides the first comprehensive
evaluation of an AEFI surveillance system in Australia and synthesises systems and
methods that have not been previously applied in this context. The intention is of this
work is to provide robust and effective vaccine safety surveillance, provide information

for action and thus maximise the safety of immunisation.



1.3 Relevance

Vaccines are a cornerstone of public health saving millions of lives each year(10, 11),
however, adverse events following immunisation (AEFI) are a reality. Comprehensive
post-licensure vaccine safety surveillance is therefore essential to maintain
confidence in immunisation, inform policy and to deliver an effective and safe

immunisation program(12).

However, Australia had been criticised for its inability to inform on vaccine safety
events in a timely manner(9). In 2010 this meant many distressing febrile convulsions
in young children and failure to prevent serious neurological sequalae in an otherwise
healthy infant, arising from increased febrile reactions with the locally-manufactured

Fluvax® brand of influenza vaccine(7, 8).

This obvious need for improvement to systems in Australia required a response to the
expert reviews and evidence of learning from the challenges experienced. Moreover,
as Australia is historically an “early adopter” of vaccines our vaccine safety knowledge

has potential to lead and inform both nationally and internationally(13).

This doctoral research provides detailed description of the processes and epidemiology
of the Victorian vaccine safety surveillance system “SAEFVIC”(14, 15). My evaluation
of “SAEFVIC” —an Australian first for evaluating a passive AEFI surveillance system—
determines the system’s ability to detect and investigate emergent vaccine safety
issues. Additionally this research explores the application of a simple and feasible
measure of disproportionality for signal detection. The findings of these research
studies provide the evidence-base to optimise the system and—following translation
into practice—elevate the Victorian surveillance system to be a leader in Australian

AEFI surveillance.

The impact of my doctoral work has become particularly relevant with the advent of
the global Coronavirus SARS-CoV-2 crisis bringing calls for development and release of
vaccines at “pandemic speed” and thus highlighting the need for robust and timely

vaccine safety surveillance(16, 17).



1.4 My doctoral work

| commenced the PhD part-time in 2013 in conjunction with continued employment as
the epidemiologist and surveillance manager for SAEFVIC. This enabled me to direct
research activities to meet industry-driven areas of interest and to translate findings
from investigations as they were undertaken into practical implementation. This saw
SAEFVIC strengthen over the duration of the PhD such that the final chapter is able to
demonstrate improvements and efficiencies gained as a direct result of this doctoral

research.

| have worked in public health for decades but not with the discipline it takes to
construct a PhD thesis. This has challenged me to think strategically, identify the gap of
knowledge and refine my research questions from an applied field-based response
perspective to meet academic requirements. Application of standard constructs to
descriptive epidemiology (for example Strobe statements) has elevated my descriptive
epidemiology. Chapter 7: Signal detection in particular brought a new skill-set through
application of statistical algorithms to the dataset: work which has been well received
within the vaccine pharmacovigilance communities of both Australia and New Zealand.
| have gained fluency in use of Microsoft PowerBI as an informatic analytical platform
using cloud-based sharing mechanisms. Communicating the findings of my research
through a variety of platforms has brought confidence to my participation in scientific

debate.

1.5 Objective and aims

The objective of this research is to optimise the SAEFVIC passive AEFI surveillance
system with the overarching aim being to improve the capacity of passive AEFI
surveillance in Australia to detect, investigate and validate vaccine safety signals in a

timely manner for current and new vaccines.

This objective is broken into more specific aims below. These aims also correspond to

the publications that have arisen from this PhD.



1.5.1 Aims

e To evaluate the current SAEFVIC surveillance system ability to meet its stated
objectives
e To demonstrate how SAEFVIC data can be used to inform vaccine
pharmacovigilance
e To explore and apply concepts to develop signal detection capability for SAEFVIC
o Determine if background rates of potential AEFI can be estimated using
Victorian hospital administration datasets
o Apply a signal detection method to SAEFVIC data and evaluate it as a
reactogenicity signal detection method for fever and allergy AEFI with
Influenza vaccines
e To optimise SAEFVIC to detect, investigate and validate vaccine safety signals and
support expansion of SAEFVIC to other jursidictions and thus strengthen vaccine

pharmacovigilance in Australia.

1.6 Research questions

The overarching research question was “What are the opportunities to optimise the
SAEFVIC passive AEFI surveillance system?”. In order to address this question and
achieve the aims as stated above, the following specific research questions were

developed. (*Question 2 arose in the course of investigating Question 1)

Question 1: Does the AEFI surveillance system, SAEFVIC, meet its stated objectives?
Question 2*: What does consumer reporting of AEFI contribute to SAEFVIC in Victoria?
Question 3: Is SAEFVIC useful for informing vaccine pharmacovigilance?

Question 4: Can Victorian hospital administration datasets be used to estimate

background rates? (and so improve signal detection)
Question 5: Can a signal detection algorithm provide timely signal detection?

Question 6: How have the findings of this PhD been incorporated to optimise SAEFVIC?



All of these questions are relevant to the population of Victoria, with external

implications discussed at the conclusion of the PhD.

1.7 Thesis statement

Vaccines are a cornerstone of public health, saving millions of lives each year.
However, as with any pharmaceutical, vaccines can give rise to adverse reactions
following immunisation (AEFI). Comprehensive and effective post-licensure
surveillance of AEFI is therefore critical to maintain confidence in immunisation and

inform evidence-based policy for vaccine safety.

The Victorian state-level AEFI surveillance system, SAEFVIC, comprises comprehensive,
centralized data with clinical validation of AEFI. This PhD provides a critical review and
evaluation of SAEFVIC to meet its objectives to detect, validate and inform on vaccine
safety issues and provides the evidence-base to optimise data utilisation. Integration
with signal detection algorithms has aided identification and investigation of vaccine

safety signals.

Translation and implementation of study findings has seen SAEFVIC improve vaccine
pharmacovigilance, facilitated signal detection and validation investigations, inform on
vaccine safety practices and become an established leader in Australian AEFI
surveillance. Expansion of the system nationally is assisting with national data
consistency and jurisdictional comparability. This PhD has shaped SAEFVIC to provide
robust and effective vaccine safety surveillance in Victoria and Australia, ultimately

making immunisations safer.

1.8 Thesis overview

Chapter 1: Introduction - is a summary of the rationale, relevance, objective and aims

of my thesis

Chapter 2: Literature review - provides a comprehensive literature review describing

adverse events following immunisation (AEFI) and passive AEFI surveillance globally



and in Australia. The review outlines the benefits of evaluating surveillance systems in

general and AEFI surveillance systems in particular.

Chapter 3: Methods — considers the overall study design, elements of bias and
confounding and provides a detailed description of SAEFVIC data collection and
collation; data sources used through this thesis and; a summary of analytical and

statistical methods used.

Chapter 4: SAEFVIC early years - provides a foundational epidemiological overview of
SAEFVIC surveillance data at the commencement of this PhD, presented as a

publication titled;

“SAEFVIC: Surveillance of adverse events following immunisation (AEFI) in

Victoria, 2012”.

Chapter 5: SAEFVIC evaluation - presents a literature review on evaluation of

surveillance systems and two published papers. The first paper, titled;

“Evaluation of “SAEFVIC”, a pharmacovigilance surveillance scheme for the
spontaneous reporting of adverse events following immunisation in Victoria,

Australia ”

provides the main body of work and clearly identifies gaps in the surveillance system’s

ability to meet its objectives. The second paper titled;

“Consumer reporting of adverse events following immunization”

arose as an extension of the evaluation, responding to industry-driven interest in this

specific element of surveillance.

Chapter 6: Informing pharmacovigilance - provides three published papers that clearly
establish that SAEFVIC is useful for informing vaccine pharmacovigilance and public

health practice and policy, titled;

“Bacillus Calmette-Guerin (BCG) vaccine adverse events in Victoria, Australia:

analysis of reports to an enhanced passive surveillance system”;



“Allergic-related adverse events following seasonal influenza containing

vaccines, 2015 “ and;

“Adverse events following vaccination of older people may be under-reported”.

Co-authored papers that also support this research question are listed above with first-

authored conference presentation abstracts and posters presented in Appendix 2.

Chapter 7: Signal detection - includes a literature review on AEFI signal detection as
background to two studies undertaken to explore aspects and issues encountered with

signal detection. Presented as published papers: the first study is titled;

“Human papillomavirus vaccine in boys: background rates of potential adverse

events”.

The second study titled;

“Proportional reporting ratio enhances influenza vaccine pharmacovigilance,

Victoria, Australia”

provides proof of principle that using a statistical algorithm can enhance utility for AEFI

signal detection.

Chapter 8: SAEFVIC maturation - presents a descriptive epidemiological overview of

SAEFVIC at the end of this PhD in a publication titled;

“SAEFVIC: Surveillance of adverse events following immunisation, 2018,

Victoria, Australia”.

The paper demonstrates how the integration of study findings have matured SAEFVIC,
increased capability to inform and direct on vaccine safety issues and illustrates how

routine use of PRR (studied in Chapter 7: Signal detection) informs on a signal event.

Chapter 9: Optimising SAEFVIC - provides an overall discussion of the work in the
thesis; strengths and limitations of my work; how the findings of my thesis have
contributed to the field, as well as future directions to continue the strengthening of

vaccine pharmacovigilance in Australia.



Chapter 2: Literature review

2.1 Chapter introduction

This Chapter provides background on the importance of vaccines, adverse events
following immunisation (AEFI) and describes the foundation of AEFI surveillance.
Passive AEFI surveillance systems are detailed in both the global and Australian
context. The chapter culminates with a description of SAEFVIC, the Victorian passive

AEFI surveillance system.

Further detail on SAEFVIC surveillance and data outputs at the time of commencement
of this PhD are provided in Chapter 4: SAEFVIC early years, with a publication
summarising SAEFVIC in 2012. Clothier et al. SAEFVIC: Surveillance of adverse events
following immunisation (AEFI) in Victoria, 2012. Victorian Infectious Diseases Bulletin.

2014 Mar;17(1):2-9.

Additional literature reviews are provided in Chapter 5: SAEFVIC evaluation on
evaluation of surveillance systems and in Chapter 7: Signal detection regarding signal

detection as part of pharmacovigilance.

2.2 Importance & success of vaccines

Vaccines and the benefits of immunisation are considered one of the most successful
and cost-effective health interventions known, saving the lives millions of individuals—
mainly children—every year and drastically reducing the burden of morbidity and
disability from viral and bacterial illnesses(10, 11). Global vaccine campaigns have seen
the eradication of smallpox, almost worldwide disappearance of polio and targets set

for elimination of measles, including in Australia(10, 18).

The World Health Organization (WHO) currently lists 26 disease as having a vaccine
available, with a further 24 vaccines in the pipeline(19). Advances in novel
preventative and therapeutic vaccines are bringing future hope for an end to HIV(20),

malaria(21), tuberculosis, some cancers(22) and even the development of substance
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abuse vaccines is underway(23, 24). Increasing sophistication, including innovations
such as nanovaccinology, add to favourable trends for user friendly, less painful and

invasive innoculation techniques(25).

While immunisation saves the lives of approximately 3 million children per year, 2
million more lives could be saved even with existing vaccines(26). The Global Alliance
for Vaccines and Immunization (GAVI) through the Global Vaccine Action Plan provide
frameworks for overcoming the major barriers of financing, through facilitating vaccine
delivery platforms, and bringing more equitable access to life-saving vaccines in all

communities(10, 27).

2.2 Challenge for vaccination

However, beyond these financial and logistical aspects, there is an equally important
barrier in the growing perception of vaccines as no longer needed as the success of
immunisation programs reduces incidence and fear of vaccine-preventable
diseases(26). Moreover, as the fear of disease diminishes concerns may transfer to the
risk of vaccine side effects. Vaccines, as with any drug, are not free of side-effects and
recipients may also experience adverse events as a normal reaction to the intended

controlled stimulus to the immune system of immunisation.

The public awareness of vaccine side effects is particularly so as vaccines are
administered primarily to healthy individuals thus shifting the fulcrum of risk-benefit
adjudication as public concern about possible AEFI and expectations for vaccine safety
increase (28-31). This leads to the classic evolution cycle of immunisation programs as

illustrated by Chen and Orenstein (Figure 1)(32).

The impact from this phenomenon of vaccine refusal has already come to fruition as
seen with the decline in measles-mumps-rubella vaccine uptake in the UK being
associated with a resurgence of measles cases(33). The World Health Organization
(WHO) recognised “vaccine hesitancy—the reluctance or refusal to vaccinate despite
the availability of vaccines—to be one of the top ten threats to global health in 2019”,
with the prospect of reversing the progress made in tackling vaccine-preventable

diseases(34).
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Figure 1: Evolution of immunisation program(32)
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With the benefits of vaccination being well recognised, many immunise without
guestion, however, there remains a need for informed consent, accompanied by
transparent and effective communication of risks(35). Therefore effective surveillance

and monitoring for adverse events following immunisation (AEFI) to provide ongoing

risk assessment is a cornerstone for ensuring accurate information within such
informed consent(31).

2.3 Adverse events following immunisation (AEFI)

An adverse events following immunisation (AEFI) is defined as:

any untoward medical occurrence which follows immunization and which

does not necessarily have a causal relationship with the use of the
vaccine”(36).

An AEFI may therefore include vaccine-associated adverse events, AEFI due to
programmatic issues or coincidental events, as well as temporal associations that may

be unrelated to vaccine administration (Box 1)(37). It is an encompassing definition

that accommodates all suspected associations, reflected in the observations of an

individual reporter, without bias to interpretation.
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Box 1: Adverse event following immunisation reaction categories and examples(37)

Vaccine product-related reaction

An AEFI that is caused or precipitated by a vaccine due to one or more of the inherent

properties of the vaccine product
Example: Extensive limb swelling following DTP vaccination

Vaccine quality defect-related reaction

An AEFI that is caused or precipitated by a vaccine that is due to one of more quality defects of
the vaccine product including its administration device as provided by the manufacturer

Example: Failure to fully inactivate a lot of polio vaccine leads to cases of paralytic polio

Immunisation error-related reaction

An AEFI that is caused by inappropriate vaccine handling, prescribing or administration and

thus by its nature is preventable
Example: Transmission of infection by contamination of a multi-dose vial

Immunisation anxiety-related reaction

An AEFI arising from anxiety about the immunisation
Example: Vasovagal syncope episode in an adolescent during/following vaccination

Coincident event
An AEFI that is caused by something other than the vaccine product, immunisation error or
immunisation anxiety but a temporal association with immunisation exists
Example: A fever occurs at the time of the vaccination, but is in fact caused by malaria

*DTP = diphtheria tetanus, pertussis containing vaccine
2.3.1 Vaccine cause-specific reactions
The first two categories described in Box 1 above are vaccine-cause specific reactions

attributable to either;

i) the inherent properties of the vaccine (including adjuvants and stabilisers), or

ii) a defect in the quality of the vaccine.

An individual may react to a vaccine even if it has been manufactured and handled

correctly. Such reactions may arise from an immune response to a component of the
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vaccine leading to anything from mild inflammation at the injection site to life-
threatening anaphylaxis. These types of vaccine-cause specific AEFI require clinical

management of the vaccine recipient.

Vaccine-defect related reactions arise from deviations in the manufacturing process
that impact an individuals response to the specific vaccine batch/es affected. A famous
and devastating example of vaccine-defect occurred in the early years of oral polio
manufacturing when polio virus was inadequately inactivated leading to 12,000
vaccines containing live virus resulting in 40,000 cases of polio disease of which 200
cases were permanently paralysed and 10 cases died(38). Management of vaccine-
defect reactions requires improvement and adherence to manufacturing guidelines
and quality control processes. As scrutiny by National Regulatory Authorities (NRA’s)
and use of good manufacturing guidelines has strengthened, the potential for quality

defects to occur has declined and is now rare(39).

2.3.1.1 Vaccine reactions by frequency and severity

The frequency and severity of AEFI can be categorised as;
a. Common or minor reactions
b. Rare or serious reactions

Vaccines are intended to induce an immune response in the recipient to the
administered vaccine antigens and thus confer immunity to future disease exposure-
events. Therefore responses such as injection site reaction, fever and systemic
symptoms related to immunogenic reactivity to either vaccine antigen—or to vaccine
components such as adjuvants or stabilizers—are expected (Table 1). These reactions
are usually mild and subside without requiring intervention and are therefore
tolerated within the risk-benefit of immunisation, even when occurring in more than

10% of recipients.

The occurrence of local (pain, redness, swelling) or systemic reactions (fever, malaise,
headache) vary by the type of vaccine antigen and may mimic mild versions of the
relevant vaccine-preventable disease. For example, a local injection-site papule is
expected 1-2 weeks following BCG immunisation that progresses to mild ulceration
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before healing with a typical mild scar, although this may be more pronounced among
populations with tendency to form keloid (thickened) scars(40). Fever is a common
systemic reactions for most antigens. When arising following live-attenuated vaccines,
such as measles, the symptoms are mild compared to wild-type disease, however may
be significant in severely immunocompromised individuals. Changes in vaccine
development that reduce antigen exposure or reactive formulation components have
led to reductions in common reactogenic AEFI, for example local reactions occurring in
>10% with whole-cell diphtheria-tetanus-pertussis (DTP) are reduced to 1-10% with

use of acellular formulation (DtaP)(39).

Table 1: Frequency of occurrence of reported AEFI(39)

Very common >1/10 > 10%

Common (frequent) >1/100 and < 1/10 >1% and < 10%
Uncommon (infrequent) > 1/1000 and < 1/100 >0.1% and < 1%
Rare >1/10,000 and < 1/1000 >20.01% and < 0.1%
Very rare <1/10,000 <0.01%

Rarely, severe and/or serious AEFI may occur. The terms serious and severe are not
interchangeable. Severity is a measure of intensity and may be used to describe a
specific medical event such as fever or an injection site reaction being classified as
mild, moderate or severe. A serious AEFI, however, is one that results in an outcome of
medical significance such as death, life-threatening, requires hospitalisation (or
prolongs hospitalisation), results in (or requires intervention to prevent) significant
disability/incapacity or is a congenital anomaly/birth defect(41). Anaphylaxis for
example is always a serious event as it is potentially fatal, although with appropriate
intervention is manageable. Some serious reactions are documented as AEFI
associated with particular vaccines although the rare frequency of occurrence make it

difficult to conduct the studies required to attribute causality to the vaccine(42).
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While vaccines are rarely contraindicated, consideration of individual circumstances
that may increase the risk for serious reactions, such as immunocompromised state or
documented history of anaphylaxis to a vaccine, is required. Options may include
giving immunisation in a timeframe before immunocompromising therapy commences
or providing immunisation under appropriate medical supervision with facilities to
manage short-term serious reactions should they arise, for example, vaccination of a
child who has previously experienced a hypotonic-hyporesponsive-episode (HHE) as an

AEFI(43).
2.3.2 Immunisation error-related reactions

Immunisation error-related reactions are distinguished from vaccine-defects as they

refer to processes that occur after the vaccine has left the manufacturing site such as:
storage/transportation conditions, prescribing and administration of the vaccine. Note
that the error itself may be recorded as an AEFI for its potential to cause harm, that is,

whether or not it results in a related reaction outcome (Table 2).

Table 2: Immunisation error-related reactions(39)

Immunisation error Related reaction

Error in vaccine Exposure to excess heat or cold Systemic or local reactions due to
handling as a result of inappropriate changes in the physical nature of the
transport, storage or handling  vaccine, such as agglutination of

of the vaccine (and its diluents  aluminium-based excipients in

where applicable) freeze-sensitive vaccines
Use of a product after the Failure to protect as a result of loss
expiry date of potency or non-viability of an

attenuated product

Error in vaccine Failure to adhere to a Anaphylaxis, disseminated infection

prescribing or non-  contraindication with live attenuated vaccine
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adherence to

recommendations

Failure to adhere to vaccine

indications or prescription

Systemic and/or local reactions,

neurological, muscular, vascular or

for use (dose or schedule) bony injury due to incorrect injection
site equipment or technique
Errorin Use of an incorrect diluent or Failure to vaccinate due to incorrect

administration

injection of a product other

than the intended diluent

diluent, reaction due to inherent
properties of whatever was
administered other than the

intended diluent

Incorrect sterile technique or
inappropriate procedure with a

multi-dose vial

Infection at/beyond the site of

injection

Incorrect mode of
administration (e.g oral vaccine

administered intra-muscular)

Failure to protect, reaction due to
introduction of immunisation

product to non-intended site.

Immunisation error-related reactions are preventable and so timely identification and

mitigation strategies are essential. Events may occur for individual vaccinees or in

clusters. For example a geographic cluster may be noted as being associated with

common faulty transportation or storage arising in a cold-chain breach (either as

increased temperature or freezing of vaccine) or be attributable to a particular

provider making vaccine-handling, administration or prescribing errors. Clusters may

also occur in relation to a particular immunisation event or even vial; for example,

where vaccine preparation error such as using an incorrect diluent has occurred, or

contamination of a 