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ABSTRACT
Objectives  To assess the safety of live attenuated herpes 
zoster vaccine live (ZVL) through cumulative analysis of 
near real-time, participant-based active surveillance from 
Australia’s AusVaxSafety system.
Design and setting  ZVL was funded in Australia for 
adults aged 70 years from November 2016, with a time-
limited catch up programme for those up to 79 years. This 
cohort study monitored safety in the first two programme 
years through active surveillance at 246 sentinel 
surveillance immunisation sites.
Participants  Adults aged 70–79 years vaccinated 
with ZVL who responded to an opt-out survey sent via 
automated short message service (SMS) 3 days following 
vaccination (n=17 458) or contributed supplementary data 
through a separate, opt-in online survey at 16 and 24 days 
following vaccination (n=346).
Primary and secondary outcome measures  Rates 
of overall and prespecified adverse events following 
immunisation (AEFI) by sex, concomitant vaccination and 
underlying medical condition. Signal detection methods 
(fast initial response cumulative summation and Bayesian 
updating analyses) were applied to reports of medical 
attendance.
Results  The median age of participants was 72 years; 
53% were female. The response rate following automated 
SMS was high (73% within 7 days of vaccination). Females 
were more likely than males to report any adverse event 
within 7 days of vaccination (RR 2.07, 95% CI 1.86 to 
2.31); injection site reaction was the most commonly 
reported (2.3%, n=377). Concomitant vaccination was 
not associated with higher adverse event rates (RR 
1.05, 95% CI 0.93 to 1.18). Rates of medical attendance 
were low (0.3%) with no safety signals identified. 
Supplementary opt-in survey data on later onset adverse 
events did not identify any difference in AEFI rates 
between those with and without underlying medical 
conditions.
Conclusions  ZVL has a very good safety profile in the first 
week after vaccination in older adults. Active, participant-
based surveillance in this primary care cohort is an 
effective method to monitor vaccine safety among older 
adults and will be used as a key component of COVID-19 
vaccine safety surveillance in Australia.

INTRODUCTION
Herpes zoster (HZ) is a painful rash associ-
ated with significant morbidity, including 
postherpetic neuralgia in approximately 20% 
of those with HZ.1 Live attenuated herpes 
zoster vaccine live (ZVL; Zostavax) is recom-
mended to prevent HZ infection in older 
adults.2 In Australia, a single dose of ZVL has 
been funded under the National Immunisa-
tion Programme (NIP) since November 2016 
for adults aged 70 years, with catch-up until 
October 2021 for those aged 71–79 years. 
This is the first time a live attenuated vaccine 
has been routinely used in older adults in 
Australia, with guidance providing detailed 
information on contraindications in those 
with severe immunocompromise.3

Prior to inclusion of ZVL in the Australian 
NIP, data on ZVL safety in immunocompe-
tent adults were predominantly available 
from clinical trials.4–7 These studies identi-
fied a risk of localised injection site reactions 
(ISR) (48% in vaccine recipients compared 
with 16% of placebo recipients in the Shin-
gles Prevention Study)7 and no evidence of 

Strengths and limitations of this study

►► High participation rates among older adults in an 
active, short message service-based, near-real-time 
vaccine safety surveillance system.

►► Participant data enabled analyses of adverse events 
reported up to 7 days post-vaccination by sex and 
concomitant vaccination.

►► Near real-time monitoring and signal detection will 
be used as a key component of COVID-19 vaccine 
safety surveillance in Australia.

►► Only a small study group with underlying medi-
cal conditions were followed out to 24 days post-
vaccination, limiting our ability to capture any 
late-onset adverse events.
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an increased risk of serious adverse events, hospitalisa-
tion or death.2 4–9 Higher rates of ISR were reported when 
ZVL was administered concomitantly with influenza 
vaccine (42.9% compared with 35.4% within 5 days)10 
and pneumococcal polysaccharide vaccine (23vPPV) 
(43.8% compared with 35.9% within 5 days)11; the rate 
of systemic adverse events was similar. One vaccine-
related death was reported during post-marketing use of 
ZVL in an immunocompromised individual in the UK, 
contraindicated to receive the vaccine.12 Shortly after 
commencement of vaccination under the NIP, a death 
in a vaccine contraindicated individual was also reported 
from Australia.13

Passive (spontaneous) postmarketing surveillance is 
used routinely in Australia to monitor safety following the 
introduction of a new vaccine. While this is an important 
tool to identify rare or population-specific adverse events 
following immunisation (AEFI) and has the advantages 
of being relatively low cost and open to reporting from 
the whole population, it is limited by the potential for 
under-reporting and biased reporting, lack of contem-
porary vaccinated population denominator data and, for 
ZVL, is confounded by the higher prevalence of chronic 
disease in the older target population.8 14 In addition, 
lack of denominators (vaccine doses administered) and 
fluctuations in reporting numbers over time hinder 
analysis of data and signal detection. The addition of 
active surveillance of AEFI is increasingly recognised as 
an important component of postmarketing safety moni-
toring and can be undertaken using a range of different 
approaches.15

AusVaxSafety is an Australian Government Department 
of Health funded system that undertakes regular moni-
toring of AEFI through collection of survey data from 
individuals following routinely administered vaccines at 
sentinel sites across Australia.16 This active, participant-
based surveillance system uses two monitoring platforms 
(SmartVax and Vaxtracker),17–19 and near-real-time 
surveillance data are analysed using signal detection 
methods. To coincide with introduction of the funded 
programme, active safety surveillance for ZVL, including 
fortnightly to monthly detailed analysis and reporting, 
was conducted for 2 years through AusVaxSafety.20 This 
was the first time AusVaxSafety had been used for a live 
vaccine in an older adult population; however, this cohort 
is also included in surveillance of influenza16 21 and pneu-
mococcal vaccine safety.20

We aimed to cumulatively analyse prospectively 
collected AusVaxSafety data to provide a detailed assess-
ment of the rates of specific early-onset AEFI following 
administration of ZVL and any concomitant vaccines 
(particularly influenza and 23vPPV vaccines) in adults 
aged 70–79 years from November 2016 to November 
2018. In a subset with underlying medical conditions, we 
aimed to identify both early and later onset AEFI through 
the Vaxtracker monitoring platform.

METHODS
Study design
This was an observational cohort study conducted in 246 
Australian sentinel primary care surveillance sites. Data 
were collected prospectively through AusVaxSafety active 
surveillance with AEFI rates and signal detection data 
reported in near real time. This study assessed cumulative 
data for the entire surveillance period and summarised 
near-real-time signal detection analyses.

Data sources
AusVaxSafety undertakes regular monitoring through 
collection of data from patients attending sentinel, 
primary care immunisation surveillance sites (general 
practices and hospital-based clinics); the system has been 
described previously.16 21 22 AusVaxSafety was originally 
established to monitor influenza vaccine safety and had 
therefore focused on automated, short-term AEFI moni-
toring. For ZVL, the SmartVax monitoring platform was 
the primary data collection tool, focusing on early-onset 
AEFI from November 2016 to November 2018. In addi-
tion, supplementary data were collected from a separate 
patient cohort using an opt-in, online survey adminis-
tered via the Vaxtracker platform up to 24 days following 
vaccination. These data were collected to allow for iden-
tification of later-onset AEFI and underlying medical 
conditions in this additional cohort.

SmartVax is an opt-out programme using an automated 
tool that integrates with immunisation provider software. 
Patients are automatically enrolled by their clinic and 
receive a communication via short message service (SMS) 
3 days after vaccination asking whether they experienced 
any ‘reactions’ to the vaccine/s administered (as SMS 
are not sent on weekends, some may be sent up to 5 days 
postvaccination). For those who respond ‘yes’ (ie, report 
an AEFI), a second SMS is sent seeking information on 
whether medical attention was sought and a simulta-
neous SMS links to an online survey requesting further 
details (online supplemental appendix 1). During the 
period of this study, Vaxtracker was an opt-in programme, 
employing an initial manual step which required patients 
to be explicitly consented and enrolled by clinic staff 
following vaccination.19 For ZVL, Vaxtracker sent a 
welcome message 3 days after vaccination by SMS or email 
(according to participant preference), confirming enrol-
ment and advising to expect the survey at a later date. An 
initial online survey link was then sent 16 days after vacci-
nation; for those who responded, a final survey link was 
sent 24 days following vaccination (online supplemental 
appendix 1).

The SmartVax SMS/survey and Vaxtracker day 16 
survey collected data on any post-vaccination adverse 
event or symptom and on medical attendance; the day 
24 Vaxtracker survey asked participants if they experi-
enced specific adverse events (a chickenpox-like rash or 
influenza-like symptoms) or if they had been hospitalised 
since vaccination for any reason, which could poten-
tially indicate later-onset vaccine associated AEFI, in 
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particular, disseminated varicella zoster virus (VZV) infec-
tion (online supplemental appendix 1). For SmartVax, 
demographic information was automatically extracted 
from the practice management software. For Vaxtracker, 
demographic information (including Indigenous status 
and sex) was self-reported in the day 16 survey; age was 
collected at enrolment because the vaccine was restricted 
by age. Only Vaxtracker collected self-reported informa-
tion on participants’ underlying medical conditions. For 
both platforms, reports of medically attended events trig-
gered clinical follow-up by immunisation providers and/
or public health authorities in each respective state or 
territory.

Study population
The primary cohort was adults aged 70–79 years vacci-
nated with ZVL and enrolled via the Smartvax platform. 
Individuals were included in the primary, short-term 
AEFI analysis if they responded to the Smartvax SMS/
survey within 7 days of the vaccination, in order to mini-
mise the risk of recall bias. The supplementary cohort 
was adults aged 70–79 years vaccinated with ZVL enrolled 
via the Vaxtracker platform. Individuals were included 
in analysis of the initial Vaxtracker survey data if they 
responded within 7 days of receipt of the initial (day 16) 
survey. In order to explore the usefulness of the final 
(day 24) Vaxtracker survey, which was designed to assess 
later-onset AEFI, participants were included regardless 
of the timeliness of their response (online supplemental 
appendix 1).

Data analysis
Data from the two platforms were analysed separately 
due to the different reporting timeframes and data 
collection processes. The median age of respondents 
and non-respondents, and of those responding within 
and following the 7-day period, were examined for both 
cohorts; sex differences were examined in the primary 
cohort only as sex of non-respondents was unknown for 
the supplementary cohort.

Rates of overall and specific AEFI, including 95% 
CIs, were calculated by sex and receipt of concomitant 
vaccination; where sex was missing, individuals were still 
included in overall rates. Supplementary analysis of later-
onset AEFI also examined rates by concomitant vacci-
nation and self-reported underlying medical condition. 
Analyses were conducted using R v3.5.1.23 Where medical 
attendance was documented, further information was 
obtained, where available, from the healthcare provider 
and/or public health authorities involved in follow-up.

Signal detection
During the active surveillance period, rates of participant-
reported medical attendance were analysed using signal 
detection and descriptive methods. Results were reported 
fortnightly to all relevant health authorities and made 
available publicly at ​ausvaxsafety.​org.​au from November 
2016 to November 2017, and then monthly to November 

2018. Fast initial response cumulative summation (FIR 
CUSUM) control charts monitored log-likelihood ratios 
of medical attendance being at a maximum acceptable 
level vs an expected level. The maximum acceptable (3%) 
and expected (2%) medical attendance rates were based 
on AEFI data from clinical trials and post-marketing 
surveillance.6 7 24 A safety signal was ‘detected’ if the log-
likelihood ratios exceeded a predetermined threshold 
log-likelihood ratio. Using simulated vaccination data, 
the threshold log-likelihood ratio was selected such that 
there was ≥80% probability of signal generation within 3 
weeks if the event rate was at the maximum acceptable 
level, and an overall ≤2% probability of (false) signal 
generation when the event rate was at the expected level.

Bayesian updating analyses were conducted for robust 
estimates of the 95% credible interval (calculated from the 
posterior beta distribution) for true cumulative medical 
attendance rates. Data from the literature were used to 
establish the mean of the beta distribution (initial prior 
probability) for medical attendance at the commence-
ment of the surveillance period.6 7 24 Priors were updated 
with each fortnight or month’s observed data throughout 
the surveillance period.

During real-time enhanced surveillance, both analyses 
included all participants (not limited to those responding 
within 7 days). All data on signal detection presented 
here thus reflects the cumulative result of real-time anal-
yses that were conducted during the active surveillance 
period.

Patient and public involvement
The AusVaxSafety data monitoring platforms were 
piloted and developed with feedback from users. The 
AusVaxSafety surveillance system Advisory Committee 
includes a consumer representative. Surveillance results 
are uploaded to the AusVaxSafety website, www.​ausvax-
safety.​org.​au, and available to the public.

RESULTS
Participation
Between 1 November 2016 and 4 November 2018, 23 
875 individuals who received ZVL were enrolled in 
SmartVax; 74% responded to the first SMS (n=17 675) 
(figure 1A). Those who did not respond were similar in 
age to those who did (median 74 vs 72 years). There was 
little difference in the proportion of females and males 
who responded (75% vs 73%, respectively). Of those who 
responded to the first SMS, 99% (n=17 458) responded 
within 7 days of vaccination and were considered partici-
pants for the remainder of the primary analysis of short-
term AEFI (figure 1A). The median age (72 vs 73 years) 
and proportion of males and females was similar among 
those who responded within 7 days compared with those 
who took longer to respond.

Between 13 December 2016 and 10 May 2018, 554 
individuals were enrolled and invited to respond to the 
Vaxtracker survey; 67% (n=370) responded to the initial 
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(day 16) survey. The age of those who responded was 
similar to the age of those that did not respond (median 
73 vs 74 years). Of those who responded, 94% (n=346) 
responded within 7 days of receipt of the initial survey 
and were considered participants for the analysis of initial 
survey data (figure 1B). The median age (73 vs 75 years) 
and proportion of males and females was similar among 
those who responded within 7 days compared with those 
who responded later. Most participants in the initial 
survey also responded to final (day 24) survey (n=326, 
94%); 23 individuals who responded to the initial survey 
after 7 days and responded to the final survey and were 
included in analysis of the final survey data (figure 1B).

Participant demographics
The median age of participants was 72 years and 47% were 
male; demographics were similar between participants 
using the two surveillance platforms (table 1). Concom-
itant vaccines were received slightly more frequently 
among participants in the primary cohort than in the 
supplementary cohort. Underlying medical conditions 
were reported by 41% of respondents in the supplemen-
tary cohort (table 1); the most common conditions were 
arthritis, diabetes, heart disease and respiratory disease.

Short-term AEFI (primary analysis)
Of the 17 458 participants, 8.1% reported any AEFI 
(n=1419); females were significantly more likely than 
males to report AEFI (table  2). Thirty-six per cent of 
those who reported an AEFI responded to the online 
survey and provided additional details (figure  1A); 
injection site reaction was the most commonly reported 
specific AEFI (2.3%, n=377) (table  2). Of participants 
who reported fever, 72.3% (60 of 83) reported the use of 
antipyretics or analgesics. Participants who had received 
one or more concomitant vaccine (22.9%) were no more 
likely to report any AEFI than if those who received ZVL 
alone; however, they were less likely to report a rash and 
more likely to report fever (table 2). Of those receiving 
only influenza vaccine concomitantly, 7.6% (n=230 of 
3032) reported any AEFI, compared with 11.6% (n=57 
of 492) of those receiving only 23vPPV with ZVL; 19.4% 
(n=28 of 144) of those who received both influenza and 
23vPPV concomitantly (with no other vaccines) reported 
any AEFI.

Medical attendance within a week following vaccina-
tion was reported by 0.3% (n=49) of the participants 
who provided a response regarding medical attendance 
(figure  1 and table  2). Of those who provided more 

Figure 1  Number of individuals responding to and participating in sentinel, active participant-based surveillance platforms 
contributing to AusVaxSafety surveillance of live attenuated herpes zoster vaccine. (A) Short-term AEFI monitoring platform, 
SmartVax primary cohort (1 November 2016 to 4 November 2018). (B) Later-onset AEFI monitoring platform, Vaxtracker 
supplementary cohort (13 December 2016 to 10 May 2018). AEFI, adverse events following immunisation; SMS, short message 
service.
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detailed information (n=13), most attended a primary 
care provider (n=11) and two attended a hospital emer-
gency department. Detailed data were provided by juris-
dictions for seven of these reports. Three involved a 
reaction at the injection site, one of which also reported 

rash. One report described systemic symptoms including 
fever, headache, fatigue and weakness 8 hours following 
vaccination. One report was for hyperglycaemia in a 
known diabetic and one was an unrelated surgical admis-
sion. All were resolved or resolving on follow-up.

Table 1  Demographic characteristics of AusVaxSafety participants who received live attenuated herpes zoster vaccine*

Variable Category

Primary cohort 
(SmartVax)
N=17 458†

Supplementary cohort 
(Vaxtracker)
N=346

Overall
N=17 804‡

Median age (IQR) 72 years (70–75) 73 years (71–76) 72 years (70–75)

Sex
n (%)

Male 8214 (47.1) 163 (47.1) 8377 (47.1)

Female 9241 (52.9) 183 (52.9) 9424 (52.9)

Indigenous status
n (%)

Aboriginal 59 (0.4) 2 (0.6) 61 (0.4)

Torres Strait Islander 8 (0.06) 0 8 (0.05)

Both 5 (0.03) 0 5 (0.03)

Total 72 (0.5) 2 (0.6) 74 (0.5)

Concomitant 
vaccination§
n (%)

At least one concomitant vaccine 3993 (22.9) 57 (16.5) 4050 (22.8)

23vPPV 657 (3.8) 11 (3.2) 668 (3.8)

Influenza vaccine 3218 (18.4) 45 (13.0) 3263 (18.3)

Diphtheria/tetanus vaccine 235 (1.3) 3 (0.9) 238 (1.3)

Underlying medical 
condition
n (%)

Yes NA 143 (41.3) NA

No NA 203 (58.7) NA

*SmartVax participants responding to an opt-out SMS within 7 days of vaccination between November 2016 and November 2018; 
Vaxtracker participants responding to an opt-in survey via SMS or email within 7 days of survey receipt following vaccination between 
December 2016 and May 2018.
†Denominator 17 455 for sex which was missing in three reports; denominator 14 342 for Indigenous status, which was missing in 3116 
reports.
‡Denominator 17 801 for sex which was missing in three reports; denominator 14 688 for indigenous status, which was missing in 3116 
reports.
§Some participants received more than one concomitant vaccine.
NA, not available; SMS, short message service; 23vPPV, 23-valent pneumococcal vaccine.

Table 2  Short-term AEFI reported by AusVaxSafety participants following live attenuated herpes zoster vaccine live (ZVL) by 
sex and concomitant vaccination

Males
n (%)

Females
n (%)

RR (95% CI)
(female vs male)

ZVL alone
n (%)

ZVL+concomitant
vaccine/s n (%)

RR (95% CI)
(concomitant vs ZVL 
alone)

Any AEFI * 426 (5.2) 993 (10.7) 2.07 (1.86 to 2.31) 1082 (8.0%) 337 (8.4%) 1.05 (0.93 to 1.18)

Injection site reaction † 86 (1.1) 291 (3.4) 3.12 (2.45 to 3.96) 304 (2.4%) 73 (1.9%) 0.81 (0.63 to 1.05)

Fever † 23 (0.3) 60 (0.7) 2.40 (1.49 to 3.88) 56 (0.4%) 27 (0.7%) 1.63 (1.03 to 2.58)

Rash † 12 (0.2) 54 (0.6) 4.14 (2.22 to 7.74) 59 (0.5%) 7 (0.2%) 0.40 (0.18 to 0.88)

Medical attendance ‡ 16 (0.2) 33 (0.4) 1.85 (1.02 to 3.35) 38 (0.3%) 11 (0.3%) 0.98 (0.50 to 1.91)

*Denominator includes SmartVax participants responding to an opt-out SMS within 7 days of vaccination (M=8214, F=9241, total: 17 
458, sex missing in 3). ZVL alone was received by 13 465 participants and concomitant vaccine/s by 3993 participants.
†Denominator includes SmartVax participants who reported any AEFI within 7 days of vaccination and then also responded to a survey 
within 7 days of vaccination, and SmartVax participants who reported no AEFI within 7 days of vaccination (M: 7932, F: 8614, total: 16 
549, sex missing in n=3). In this subset, ZVL alone was received by 12 778 participants and concomitant vaccines were received by 
3771 participants.
‡Denominator includes SmartVax participants who reported any AEFI within 7 days of vaccination and then also provided medical 
attendance information within 7 days via SMS and/or the online survey, and SmartVax participants who or reported no AEFI within 7 days 
of vaccination (M=8107, F=9055, Total: 17 165, sex missing in 3). In this subset, ZVL alone was received by 13 246 participants and 
concomitant vaccines were received by 3919 participants.
AEFI, adverse events following immunisation; SMS, short message service.
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Later-onset AEFI (supplementary analysis)
Of 346 participants providing supplementary data through 
the initial Vaxtracker survey, 15.0% (n=52) reported any 
AEFI and ISR was the most common specific event (6.6%, 
n=23). Females were no more likely than males to report 
an AEFI, apart from ISR (table 3), and concomitant vacci-
nation was not associated with a change in reported AEFI. 
Those with a self-reported underlying medical condition 
(41.3%, n=143) were no more likely to report an adverse 
event than those without (table 3).

Medical attendance was reported by 1.7% of partici-
pants (n=6) in the initial survey; all six participants visited 
a primary care provider. These included three reports 
of influenza-like illness within 2 days of vaccination; one 
report also described leg pain. There were two reports of 
rash including one report of hives (timing after vaccina-
tion unknown) and one reported diagnosis of eczema at 
day 14. There was one report of ISR on the day of vaccina-
tion, which resolved.

Of those completing the final survey (n=349), 151 
(43%) had an underlying medical condition. Those 
with a medical condition were no more likely to report 
influenza-like illness or chickenpox-like rash than those 
without (table 4). Of participants reporting influenza-like 
illness, most (84%) had received ZVL alone. Two partic-
ipants reported hospitalisation for allergic reaction (one 
following a dental procedure and one following consump-
tion of shellfish).

Cumulative event rates and signal detection
Overlay of bimonthly Bayesian analyses conducted during 
near real-time surveillance demonstrated increased 
precision of the rate estimates with data accumulation 
(figure  2); rates of participant-reported medical atten-
dance remained below the prespecified maximum 
threshold rate. The FIR CUSUM control charts for 
the entire surveillance period found no evidence that 
the event rate for medical attendance was closer to the 
maximum threshold than the expected rate (figure 2).

DISCUSSION
Using this unique, active postmarketing vaccine safety 
surveillance programme in Australia, AusVaxSafety, we 
found ZVL to have a very good safety profile in the first 
week after vaccination in older adults. Participation rates 
among the primary cohort were high using an opt-out 
surveillance platform (SmartVax), which provided 98% 
of all data (n=17 458 participants). As most participants 
responded quickly, data was provided in near real-time, 
enabling AusVaxSafety to efficiently monitor the intro-
duction of a new immunisation programme, including 
through signal detection methods. This active surveil-
lance complemented existing passive surveillance and 
did not identify any safety signals for ZVL; however, the 
rare reports of vaccine associated death due to dissemi-
nated VZV infection with onset weeks after vaccination, 
in immunocompromised individuals, remains an issue Ta
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of concern which is being closely examined.25 26 Active 
vaccine safety surveillance with SMS-based technology in 
older adults has also been effective in monitoring influ-
enza vaccine safety (response rate 69.6%)21 and 23vPPV20 
and will be used for surveillance of COVID-19 vaccine 
safety in Australia. In the USA, a similar system (V-Safe) 
has been introduced to support safety monitoring for 
COVID-19 vaccine.27

Self-reported AEFI rates in our study were low and 
similar to those reported by AusVaxSafety following 
various inactivated influenza vaccines in adults over 65 
years (4.8%–8.9%).16 21 Rates of medical attendance (as a 
proxy for serious adverse events) were also low, consistent 
with other studies that have not identified an increased 
risk of serious adverse events following administration of 
ZVL.8 28–30 ISR was the most commonly reported specific 

Table 4  Later-onset AEFI reported by AusVaxSafety participants following live attenuated herpes zoster vaccine by sex and 
underlying medical condition (final survey)*

Males
n (%)

Females
n (%)

RR (95% CI) 
(females vs males)

No medical 
condition
n (%)

Medical 
condition
n (%)

RR (95% CI) 
(medical condition 
vs no condition)

Influenza-like Illness 10 (6.2) 22 (11.7) 1.88 (0.92 to 3.86) 17 (8.6) 15 (9.9) 1.16 (0.60 to 2.24)

Chickenpox-like rash 1 (0.6) 7 (3.7) 5.99 (0.75 to 48.2) 4 (2.0) 4 (2.6) 1.31 (0.33 to 5.16)

Hospitalisation † 1 (0.6) 1 (0.5) 0.86 (0.05 to 13.64) 2 (1.0) 0 (0.0) NA

*Denominator includes Vaxtracker participants responding to a final opt-in survey by SMS or email sent 24 days following vaccination (M: 
161, F: 188, total: 349). Of these, 151 had an underlying medical condition.
†Hospitalisation for allergic reaction (one following a dental procedure and one following consumption of shellfish).
AEFI, adverse events following immunisation; NA, not available; SMS, short message service.

Figure 2  Cumulative signal detection analyses and cumulative event rates following live attenuated herpes zoster vaccine 
for respondents using the SmartVax platform (regardless of timeliness of response). (A) Fast initial response cumulative sum 
(FIR CUSUM) safety signal detection chart for medical attendance following live attenuated herpes zoster vaccine during the 
surveillance period (FIR CUSUM tracks the relative log-likelihood ratio of the event rate being at the maximum acceptable rate 
(set at 3%) vs expected rate (set at 2%) given the accumulated data). (B) Overlayed bimonthly Bayesian analyses showing 
the probability density curve of medical attendance (dotted lines indicate bimonthly posterior density curves throughout the 
surveillance period; Solid line is the final posterior density curve). FIR CUSUM, fast initial response cumulative summation.
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AEFI in our study, which has also been observed via passive 
surveillance in Australia, the USA and globally.2 8 25 A recent 
Australian study using a large general practice dataset 
similarly demonstrated an increased risk of ISR following 
vaccination with ZVL using the self-controlled case series 
method.29 Our study did not identify an increased risk 
of ISR with concomitant vaccination, consistent with the 
findings of a more recent randomised controlled trial 
comparing ZVL administered alone or concomitantly 
with quadrivalent influenza vaccine.31 While AusVax-
Safety has previously demonstrated significantly higher 
rates of AEFI for individuals receiving 23vPPV concom-
itantly with influenza vaccine, this has not been shown 
for ZVL administered with influenza vaccine, compared 
with influenza vaccine alone.21 Interestingly, AEFI were 
reported more commonly by females than males, as has 
been observed in other vaccine safety surveillance in 
Australia (for various inactivated influenza vaccines using 
AusVaxSafety data: 8.7% of women reported AEFI vs 5.8% 
of men)21 32 and internationally.33 Biological differences 
in immune function34 and behavioural differences that 
may have influenced reporting rates are potential factors 
underpinning these observed differences.33

This study included supplementary analysis of longer-
term data in a small group of participants, in view of the 
potential for late-onset AEFI. Rates of AEFI were higher 
over the longer follow-up period (15% from the initial 
survey, sent at day 16, compared with 8.1% in the first 
week for any AEFI), which may relate to the potential 
to capture more AEFI over a longer time period, and to 
the intrinsic differences in the way in which participant 
responses were solicited via this opt-in survey. Despite this, 
our analysis did not signal any vaccine safety concerns; 
the rate of medical attendance (1.7%) which, based on 
patient descriptors, sometimes included routine atten-
dance for unrelated matters, was similar to the rate of 
serious adverse events reported in clinical trials (1.4% in 
the Shingles Prevention Study).7 Similarly, no increased 
risk of late-onset (up to 42 days postvaccination) AEFI, 
including cardiovascular and cerebrovascular events, was 
demonstrated in two large studies of older adults using 
data from the sites participating in the US Vaccine Safety 
Datalink project,28 30 or in a self-controlled case series 
analysis of Australian general practice data from 150 054 
older adults.29

Use of ZVL in immunocompromised patients has been 
associated with vaccine strain disseminated VZV disease 
occurring up to 7 weeks following ZVL vaccination,8 12 13 
with fatal outcomes reported in immunocompromised 
individuals from the UK12 and Australia,12 13 including a 
case reported shortly after programme commencement13 
and two additional individuals following completion of 
this study.26 Australian guidance provides detailed infor-
mation on contraindications in immunocompromised 
patients.3 In our study, those with underlying medical 
conditions were no more likely to report an AEFI or 
medical attendance than those without, and there was 
no increased risk of any of the AEFI prespecified in the 

final survey. Similarly, a recent prospective cohort study 
of 1500 patients in Japan did not identify an increased 
risk of AEFI following ZVL among those with under-
lying conditions such as malignancy, diabetes mellitus, 
autoimmune diseases and renal diseases,35 and an anal-
ysis of UK primary care data identified only two cases of 
VZV disease among 1742 individuals who were inadver-
tently vaccinated while immunosuppressed; neither were 
hospitalised.36

Recorded coverage of ZVL in Australia was 33.9% 
in 70-year-old adults from commencement of the NIP 
programme in November 2016 until 31 March 2018 
(noting that underreporting is likely given that only 489 
605 of 1 370 395 doses distributed were recorded as being 
administered).25 The recombinant VZV vaccine is regis-
tered in Australia but not currently available; in future, 
this vaccine may provide an alternative option for immu-
nocompromised individuals.37

This study has a number of limitations. The supplemen-
tary cohort was small and our assessment of later-onset 
AEFI was likely limited by the potential for recall bias; 
larger studies are required to assess the risk of later-onset 
AEFI, including in individuals with underlying medical 
conditions. The opt-out approach for the primary cohort 
resulted in a high initial response to the SMS on the 
presence of absence of AEFI (74%) but a lower response 
to the more detailed survey (36%). A similar trend has 
been observed through active surveillance for other 
vaccines, including influenza and 23vPPV vaccination in 
older adults.20 While survey completion rates were higher 
using an opt-in approach for the supplementary cohort, 
consistent with previous studies,38 this is more resource 
intensive and difficult to implement for a large cohort. 
In use of this methodology for COVID-19 vaccine safety 
surveillance, AusVaxSafety has now combined the initial 
SMS contact and detailed survey into one message with 
the aim of increasing response rates to all study questions; 
data will also be collected several weeks following vacci-
nation for COVID-19. As for all observed AEFI, a causal 
relationship between the reported events and vaccination 
cannot be assumed; AEFI event rates reported here are 
comparable to those reported for ZVL and other vaccines 
in post-marketing surveillance of this age group.16 21 29

CONCLUSION
AusVaxSafety’s active, participant-based surveillance 
system contributed timely safety data, particularly on 
short-term AEFI, following implementation of a funded 
ZVL programme in an older Australian population, 
confirming the known low risk of ISR, and with no safety 
signals identified. This system is an efficient, automated 
addition to Australia’s established passive vaccine safety 
surveillance. However, limitations remain in utilising 
individual reporting systems alone; the ability to routinely 
link this vaccine safety surveillance data (both active 
and passive AEFI reports), denominator data from the 
Australian Immunisation Register,39 and data sources that 
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include medical presentations for adverse events, such 
as primary care data, hospitalisation and mortality data 
would further assist the assessment of serious or late-onset 
AEFI.29 With the implementation of COVID-19 immuni-
sation programmes, targeted at older adults and people 
with underlying medical conditions that may increase the 
risk of AEFI, expansion of effective real-world vaccine 
safety surveillance systems, particularly those that can 
detect rare, novel, or late onset AEFI, is paramount and is 
already occurring in Australia.
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