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Strengths and limitations of this study

►► This is a unique evaluation of an active surveillance 
system for adverse events following immunisation 
using data from a real-life vaccine safety event in 
2010.

►► The study involves a comprehensive assessment of 
the timeliness of signal detection and the number of 
serious adverse events that could have been avoid-
ed given appropriate action.

►► The surveillance system (AusVaxSafety) current-
ly operates Australia wide and this study provides 
evidence about the sensitivity and timeliness of the 
system should a similar safety event occur in the 
future.

►► AusVaxSafety has only been implemented since the 
safety event so this is a simulation exercise, un-
avoidably hypothetical in nature.

►► This study describes how a particular surveillance 
system would have reacted to a specific real-life 
vaccine safety event and it is not a general evalu-
ation of signal detection systems operating in dif-
ferent settings.

Abstract
Objectives  To determine how soon after commencement 
of the seasonal influenza vaccination programme, the 
AusVaxSafety active vaccine safety surveillance system, 
currently in use across Australia, would have detected a 
safety signal had it been operating in 2010 when there 
was an unprecedented number of febrile seizures in young 
children associated with one specific influenza vaccine 
brand, Fluvax (CSL Biotherapies).
Design  Simulation study.
Setting  Western Australian vaccine influenza coverage 
and adverse event surveillance data.
Outcome measures  Simulated solicited responses from 
caregivers who would have received an SMS survey about 
adverse events experienced following seasonal influenza 
vaccination of their children aged 6 months to <5 years.
Participants  None.
Results  We estimated a >90% probability of a safety 
signal being detected by AusVaxSafety based on solicited 
reports for either fever or medical attendance at or before 
the week ending 28 March 2010, 3 weeks after the start of 
vaccine distribution. Suspension of the national paediatric 
influenza vaccination programme as a result of the passive 
adverse events surveillance operating at the time did not 
occur until 23 April 2010.
Conclusions  Active vaccine safety surveillance leading to 
rapid detection of a safety signal would likely have resulted 
in earlier suspension of Fluvax from the vaccination 
programme, prevention of many febrile convulsions and 
maintenance of public confidence in influenza vaccination 
for young children.

Introduction
The post-licensure safety surveillance of 
seasonal influenza vaccines presents a signif-
icant challenge. The limited time available 
between the selection and production of 
strain-specific seasonal influenza vaccines 
and their distribution and use precludes 
large-scale safety trials. Historically, pharma-
covigilance has relied on passive surveillance 
for the detection of adverse events following 
immunisation (AEFI) with seasonal influ-
enza vaccines. Until recently, post-marketing 

vaccine safety surveillance in Australia has 
been passive with several important and well-
described limitations1–3 resulting in substan-
tial delays. This was clearly illustrated in 2010 
following an unprecedented increase in 
febrile seizures in young children ultimately 
determined to be associated with one brand 
of trivalent influenza vaccine (TIV), Fluvax 
(CSL Biotherapies).4–6 In Western Australia 
(WA) influenza vaccines were distributed to 
providers from 8 March 2010 and the funded 
childhood influenza vaccination programme 
was officially launched on 19 March. A spike 
in fever-related presentations was relayed by 
clinicians to the WA Department of Health 
which advised the national regulatory 
authority, the Therapeutic Goods Adminis-
tration (TGA), on 13 April; this was followed 
by a similar report from South Australia 
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2 days later. This led to the suspension of the paediatric 
influenza vaccination programme on 22 April in WA and 
nationwide on 23 April. Since many jurisdictions were 
not in the practice of immediately forwarding individual 
AEFI reports to the TGA, most febrile seizure reports were 
received by the TGA only after the decision to suspend 
all influenza vaccination in young children. Ultimately, 
there were estimated 63 cases of febrile convulsions in 
WA attributable to influenza vaccination, or 3.3 convul-
sions per 1000 vaccine doses—a rate more than 200 
times higher than the only published population-based 
estimate of febrile convulsions in young children.5 7 This 
incident has resulted in decreased childhood influenza 
vaccine coverage in subsequent years and a loss of confi-
dence in influenza vaccines among both consumers and 
immunisation providers.8

Independent reviews of the events of 2010 recom-
mended that Australia improve its processes for vaccine 
safety surveillance.6 One result was the generation of 
several independent AEFI surveillance tools,9 10 which 
were ultimately incorporated into a national, active 
vaccine safety surveillance system under the AusVaxSafety 
initiative. The system solicits patient or carer reports of 
AEFI experienced in the days following vaccination via 
SMS message and monitors reported rates of fever and 
medical attendance (MA). This occurs on a weekly basis 
for influenza vaccines, thus facilitating rapid appropriate 
action in the event of any safety signals.11 AusVaxSafety has 
verified the safety of seasonal influenza vaccines adminis-
tered to Australian children 6 months to <5 years of age 
since 2014, and to individuals of all ages since 2017, within 
weeks of the roll-out of vaccination programmes.9–13

Here, we report on an evaluation of the sensitivity and 
timeliness of the AusVaxSafety surveillance system by 
means of a simulation exercise using best estimates of 
the data which would have been available to the system 
during the first weeks of seasonal influenza vaccina-
tion in 2010. Since 2008 the WA state government has 
offered free influenza vaccination to children 6 months 
to <5 years of age and in 2009 the uptake was approxi-
mately 40% among eligible children.8 In the absence of a 
funded programme, vaccine coverage for young children 
in other states was very low and therefore we restricted 
our study to WA. The research question we address here 
is how soon after the start of seasonal influenza vacci-
nation would the current AusVaxSafety signal detection 
system have detected a safety signal, had it been operating 
in 2010. Would this have enabled appropriate action to 
be taken earlier than occurred under the passive AEFI 
surveillance system which was operating at the time?

Methods
AusVaxSafety surveillance system
The AusVaxSafety active surveillance system has been 
described in detail elsewhere.9 10 The majority of partic-
ipants are enrolled using the opt-out, electronic data 
monitoring platform SmartVax, which integrates with 

practice management software to automatically send 
SMS surveys to vaccine recipients or their caregivers as a 
part of routine care after vaccination. Enrollees receive 
an SMS from their medical provider 3–5 days following 
vaccination asking whether any AEFI were experienced 
and whether medical attention was sought in relation to 
the AEFI, as well as a further text containing a link to 
a brief smartphone survey enquiring after the nature, 
severity and duration of the AEFI. Primary outcomes are 
self-reports of any event, fever and medical attention. For 
seasonal influenza vaccine safety surveillance, SmartVax 
data are sent weekly (from approximately April through 
August) to AusVaxSafety for analysis, signal detection and 
weekly reporting to the Australian Government Depart-
ment of Health. Key results are also made publicly avail-
able on the AusVaxSafety website.

Patient and public involvement
The AusVaxSafety surveillance system does not specifi-
cally recruit patients but does rely on community partic-
ipation described earlier. The study described here is a 
simulation exercise so no additional public involvement 
was required.

AusVaxSafety signal detection
AusVaxSafety performs weekly safety signal detection 
analysis of reported fever and MA rates using fast initial 
response cumulative sum (FIR CUSUM) methods. FIR 
CUSUM control charts track the log-likelihood ratios 
of an observed cumulative event rate at a maximum 
acceptable level versus an expected level.14 Expected and 
maximum acceptable rates are set at the start of each 
influenza vaccination season based on a synthesis of clin-
ical trial data and surveillance data from previous influ-
enza seasons.12 13 15 For children aged 6 months to <5 years 
the expected MA rate in 2018 was set at 1%, while the 
expected fever rate was set at 3%. Maximum acceptable 
rates were 3% and 10% for MA and fever, respectively. 
A safety signal is generated when the log-likelihood ratio 
rises above a pre-set control threshold, which is deter-
mined by a process of simulating a large number of vacci-
nation seasons with various ‘true’ event rate scenarios 
and the expected number of respondents. Criteria for 
setting control thresholds currently consist of ensuring a 
≥80% probability of signal detection within 3 weeks of the 
start of reporting when the event rate is at the maximum 
acceptable level while maintaining a ≤2% probability of 
(false positive) signal generation at any point during the 
vaccination season when the event rate is at the expected 
level.

Simulation parameters
Simulations of the AusVaxSafety signal detection systems 
were developed under three scenarios (table 1). Scenario 
1 simulated system performance using the 2018 values 
for expected and maximum acceptable AEFI rates, 
while scenarios 2 and 3 used higher expected and 
maximum acceptable rates and therefore they were more 
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Table 1  Parameter values used in simulations of 2010 AusVaxSafety signal detection

AEFI Parameter

Scenario 1
2018 AEFI rates
(%)

Scenario 2
Conservative 
2010 AEFI rates
(%)

Scenario 3
Ultra-
conservative 
2010 AEFI rates
(%)

Fever Expected rate 3 20 30

Maximum acceptable rate 10 40 50

Observed rate and 95% CI (Fluvax)                  �                 56.5 (49.4 to 63.3)

Observed rate and 95% CI (other brands)                  �                 17.3 (10.7 to 25.7)

Medical attendance Expected rate 1 4 6

Maximum acceptable rate 3 8 10

Observed rate and 95% CI (Fluvax)                  �                 16.4 (8.8 to 27.0)

Observed rate and 95% CI (other brands)                  �                 2.0 (0.2 to 7.1)

AEFI, adverse events following immunisation.

Table 2  Seasonal influenza vaccine doses administered to WA children 6 months to <5 years of age by brand in 2010*

Week ending Fluarix
Fluarix 
tetra Fluvax

Fluvax 
junior Fluvirin Influvac Vaxigrip

Vaxigrip 
junior

Unspecified 
brand

7/03/10 0 0 7 0 0 0 1 0 3

14/03/10 0 0 95 0 0 0 1 0 4

21/03/10 2 0 541 1 0 1 1 1 11

28/03/10 3 0 1192 1 0 6 4 0 23

4/04/10 3 1 1178 0 0 30 5 0 31

11/04/10 7 0 829 0 0 119 3 1 55

18/04/10 5 0 2714 2 3 201 12 1 236

25/04/10 8 0 3698 2 0 185 12 0 91

2/05/10 1 0 23 0 0 1 3 0 10

9/05/10 0 0 4 0 0 0 0 0 1

*Data from Australian Immunisation Register.
WA, Western Australia.

conservative scenarios where the system is less likely to 
generate a safety signal. Published data on fever rates in 
children following seasonal influenza vaccination vary 
considerably.16 Probably the most relevant data that 
would have been available in 2010 are from a randomised 
control trial17 which reported fever rates of 23% in chil-
dren under 4 years of age after receipt of the southern 
hemisphere TIV (Fluvax) in 2005. Therefore we used an 
expected rate of 20% and a maximum acceptable rate 
of 40% for fever under scenario 2 and rates of 30% and 
50% for expected and maximum acceptable, respectively, 
under scenario 3. We are not aware of any published 
data on MA rates after vaccination that would have been 
available in 2010. For scenarios 2 and 3, we chose conser-
vatively high expected rates for MA of 4% and 6% and 
maximum acceptable rates of 8% and 10%, respectively. 
Appropriate control thresholds were determined for both 
AEFI outcomes (fever and MA) under all scenarios using 
the simulation procedure described earlier.

Our study also required estimates of the AEFI rates 
that would have been reported via Smartvax and an esti-
mate of the weekly number of Smartvax responses that 
would have been received in 2010. A retrospective cohort 
study conducted in WA shortly after cessation of paedi-
atric influenza vaccination in April 20105 reported a fever 
rate of 56.5% (95% CI 49.4% to 63.3%) among children 
under 5 years of age who received Fluvax. During that 
period the reported fever rate was 17.3% (95% CI 10.7% 
to 25.7%) after receipt of the principal alternative TIV 
brand, Influvac (Solvay Pharmaceuticals). This study did 
not report information on MA but a smaller retrospective 
study18 followed up children who had received influenza 
vaccination at three New South Wales hospital outpatient 
clinics and reported a MA rate following vaccination with 
Fluvax of 16.4% (95% CI 8.8% to 27.0%) and a MA rate 
of 2.0% (95% CI 0.2% to 7.1%) after receipt of Influvac.

As of the 2018 influenza season, the Smartvax system 
was installed at 60 sentinel immunisation provider sites in 
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Table 3  Estimated total doses by brand (Fluvax and other) and estimated number of Smartvax responses

Week ending

Total doses Smartvax responses*

Fluvax† Other brands‡ Fluvax Other brands

7/03/10 10 1 2 0

14/03/10 99 1 17 0

21/03/10 552 6 94 1

28/03/10 1215 14 208 2

4/04/10 1207 41 206 7

11/04/10 881 133 151 23

18/04/10 2939 235 503 40

25/04/10 3786 210 647 36

2/05/10 32 6 5 1

9/05/10 5 0 1 0

*Smartvax participation rate (17.1%) applied to total dose numbers.
†Total of Fluvax and Fluvax junior plus pro rata apportionment of unspecified brands.
‡Total of all other brands plus pro rata apportionment of unspecified brands.

Figure 1  Signal detection for fever, 2010. Percentage 
of simulations resulting in a signal by date. Scenario 1: 
Expected rate 3% and maximum acceptable rate 10%.

Figure 2  Signal detection for fever, 2010. Percentage 
of simulations resulting in a signal by date. Scenario 2: 
Expected rate 20% and maximum acceptable rate 40%.

WA and for the purposes of this study we applied the most 
recently available Smartvax participation rate. From April 
through August 2017, 3913 Smartvax responses were 
received after a total of 22 935 doses of influenza vaccine 
administered to children under 5 years in WA (data from 
Australian Immunisation Register) giving a Smartvax 
participation rate of 17.1%; this rate was used in our simu-
lations. Table 2 shows the total number of seasonal influ-
enza vaccine doses administered by week and by brand 
to children under 5 years in WA during 2010 and table 3 
shows our weekly estimate of the number of responses 
which would have been received by the Smartvax system 
following receipt of either Fluvax or other vaccine brands.

Simulation execution
Simulations of AusVaxSafety performance during the 
first 7 weeks of the 2010 influenza vaccination season (7 
March to 25 April) were performed with assumed ‘true’ 
underlying AEFI rates corresponding to rates of fever 
and MA observed or estimated in the studies earlier. The 
Influvac AEFI rates from these studies were applied to all 
brands other than Fluvax in our simulations. In addition 
to these point estimates for each vaccine brand, the ‘true’ 
event rates were also set at the lower limits of the 95% CI 

for the rate estimates for each brand. Each week of the 
season involved a random draw from a binomial distri-
bution whose parameters were the estimated number 
of Smartvax responses for that week and the ‘true’ AEFI 
probabilities for each brand. Thus, we simulated the 
number of adverse events ‘reported’ via Smartvax for 
each week and calculated a log-likelihood ratio for the 
cumulative number of events. The simulation stopped 
when the log-likelihood ratio exceeded the control 
threshold, corresponding to a safety signal being gener-
ated. The simulation was run 10 000 times for each ‘true’ 
event rate under each scenario and the distribution of 
the timing of any safety signals recorded. The simulations 
were performed using SAS V.10.

Results
Figures  1–6 show the simulated 2010 performance of 
the AusVaxSafety signal detection system under various 
conditions. Under scenario 1 (figure 1), where expected 
and maximum acceptable fever rates are set at their 2018 
values, we predict that there would have been a >99% 
probability of a safety signal being detected for fever at or 
before the end of week 2 (21 March) for both hypothesised 
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Figure 3  Signal detection for fever, 2010. Percentage 
of simulations resulting in a signal by date. Scenario 3: 
Expected rate 30% and maximum acceptable rate 50%.

Figure 4  Signal detection for medical attendance, 2010. 
Percentage of simulations resulting in a signal by date. 
Scenario 1: Expected rate 1% and maximum acceptable rate 
3%.

Figure 5  Signal detection for medical attendance, 2010. 
Percentage of simulations resulting in a signal by date. 
Scenario 2: Expected rate 4% and maximum acceptable rate 
8%.

Figure 6  Signal detection for medical attendance, 2010. 
Percentage of simulations resulting in a signal by date. 
Scenario 3: Expected rate 6% and maximum acceptable rate 
10%.

combinations of values of the ‘true’ fever rate. Under 
scenario 2 (figure 2), involving conservatively high values 
of the expected and maximum acceptable fever rates, we 
predict a >99% probability of a fever safety signal at or 
before the end of week 3 (28 March) and a >90% proba-
bility of a signal at or before the end of week 2 (21 March) 
for both combinations of values of the ‘true’ fever rate. 
For scenario 3 (figure  3) involving ultra-conservatively 
high values of expected and maximum acceptable fever 
rates, there is a predicted >90% probability of a signal at 
or before the end of week 3 (28 March) for both high and 
low values of the ‘true’ fever rates.

For MA, under scenario 1 (figure 4), we predict a >99% 
probability of a safety signal on or before the end of week 
3 (28 March) and a >95% probability of a signal at or 
before the end of week 2 (21 March) for both combina-
tions of values of the ‘true’ MA rate. Under scenarios 2 
and 3 (figures 5 and 6), we again predict a >99% proba-
bility of a safety signal at or before the end of week 3 (28 
March) if the ‘true’ MA rates were at the estimated levels 
for each vaccine brand. However, if the ‘true’ rates were 
at the lower confidence limits, a 99% probability of a MA 
safety signal is not exceeded until the end of week 6 (18 
April) for scenario 2 whereas for scenario 3 there is only 
a 68% probability of a signal at or before the end of week 
7 (25 April).

Discussion
Our simulations provide confidence in the timeliness 
and sensitivity of the AusVaxSafety active vaccine safety 
surveillance system. We have shown that AusVaxSafety 
signal detection as it currently operates would have, in all 
likelihood, delivered a safety signal during March 2010, 
the first month of vaccine deployment, based on solicited 
reports of fever and MA following influenza vaccination 
administered to WA children 6 months to <5 years of age. 
We have examined a number of scenarios, but even the 
most conservative of these indicates that a signal would 
have been generated, on the basis of reported either 
fever or MA, by 28 March 2010, 4 weeks before distribu-
tion of vaccine was suspended by the Australian regulator 
on 23 April. In the intervening period (28 March to 23 
April), there were more than 50 further presentations to 
WA emergency departments for febrile convulsions asso-
ciated with Fluvax5 and the highly publicised death of a 
1 year-old child with febrile convulsions on 8 April.19

There are limitations to AusVaxSafety’s surveillance. 
The system is reliant on solicited self-reports of adverse 
events. Nevertheless, so long as there is consistency in 
how events are self-reported over time, these data are still 
likely to be reliable for detecting safety signals and will 
contribute to our understanding of the comparative safety 
profile of each vaccine. The system only asks about AEFI 
occurring within days of vaccination and may miss other 
potential safety signals that occur after a longer interval 
post-vaccination. However, AusVaxSafety was specifically 
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designed to monitor AEFI occurring very soon after vacci-
nation, in response to the 2010 influenza vaccine safety 
incident.

This study is, unavoidably, hypothetical in nature and 
required a number of assumptions. We have made assump-
tions about the expected and maximum acceptable AEFI 
rates that the 2010 system would have employed and the 
number of weekly reports that would have been available 
to the surveillance system. Also the available estimates 
of actual AEFI rates in 2010 are based on retrospective 
recall and limited samples. In particular, the MA data18 
were collected from a sample of children with high rates 
of chronic comorbidity who may have had a higher rate of 
MA than the general population. To counter this, we have 
included conservative estimates of the various parameters 
which would have reduced the sensitivity of the system 
and resulted in safety signals being delayed.

Vaccine hesitancy and public concern about vaccine 
safety is a global issue. In Australia, consumer confidence 
in influenza vaccination diminished after the safety issues 
with the 2010 influenza vaccine in children.8 Actively 
seeking the input of consumers renders the gathering of 
AEFI data accessible to the public and potentially increases 
trust. By having active surveillance, which directly surveys 
the consumers in near real time and makes the results 
publicly available, active surveillance systems address 
transparency concerns and contribute to public confi-
dence in the whole immunisation programme.2

Although we cannot know for certain how events would 
have unfolded had AusVaxSafety been operating in 2010, 
timely detection of a statistically robust safety signal would 
likely have resulted in a rapid determination of cause 
and, assuming prompt action by the relevant authori-
ties, an early suspension of the use of Fluvax in young 
children while allowing the vaccination programme to 
continue using the alternative seasonal influenza vaccine. 
Fewer febrile convulsions and hospitalisations would have 
occurred and, ultimately, confidence in seasonal influ-
enza vaccination for young children may have been main-
tained. Our work demonstrates the importance of active 
AEFI surveillance in supporting state-based and national 
immunisation programmes.
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