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Background: Australia was the first country to implement a fully funded vaccination program with
quadrivalent human papillomavirus vaccine (4vHPV) in 2007, including males from 2013. We examined
adverse events (AE) following vaccination with 4vHPV from 11 years of post-marketing data, focusing on
a period of enhanced surveillance and adverse events of special interest (AESI).
Methods: AE following 4vHPV doses administered between April 2007 and December 2017 reported to
Australia’s national regulator, the Therapeutic Goods Administration, were examined; reports collected
during enhanced surveillance in 2013 and 2014 were analyzed separately. Age and sex-specific rates,
using denominator data from the national HPV vaccination register, were determined. Pre-specified
AESI were identified using Medical Dictionary for Regulatory Activities (MedDRA�) Preferred Terms
and examined in detail.
Findings: Following nine million doses of 4vHPV vaccine administered in Australia, 4551 AE reports were
identified. The crude reporting rate was 39.8 per 100 000 doses in the funded cohorts, excluding the
enhanced surveillance period. The reported rate of syncope in 12 to 13-year-old males and females
was 29.6 per 100 000 doses during enhanced surveillance and 7.1 per 100 000 doses during the remaining
study period; rates of syncope were higher in younger compared to older adolescents. The rate of anaphy-
laxis (0.32 per 100 000 doses) was consistent with published rates. Other AESI including autoimmune
disease, postural orthostatic tachycardia syndrome, primary ovarian insufficiency, Guillain-Barré syn-
drome, complex regional pain syndrome and venous thromboembolism, were reported at low rates
and analysis did not reveal unexpected patterns that would suggest causal association.
Interpretation: AESI, apart from syncope, were reported rarely. The higher rate of syncope among younger
adolescents highlights the need for management protocols to prevent syncope-related injury. Analysis of
this large, longitudinal dataset in a country with high vaccine uptake, including a period of enhanced
surveillance, affirms the safety profile of 4vHPV.
� 2020 The Authors. Published by Elsevier Ltd. This is an open access articleunder the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Australia has a comprehensive, fully funded, national human
papillomavirus (HPV) vaccination program with high coverage. A
three-dose course of quadrivalent HPV vaccine (4vHPV) was
introduced through the National Immunization Program (NIP) as
a school-based program for 12 to 13-year-old females in 2007
accine,
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Table 1
Nationally funded quadrivalent human papillomavirus (4vHPV) vaccination cohorts
in Australia, 2007 to 2017.

Program delivery type Age group Year of program delivery

Primary program
Female 12 to 13-years 2007 to 2017
Male 12 to 13-years 2013 to 2017

Catch-up program
Female 14 to 26-years 2007 to 2009
Male 14 to 15-years 2013 to 2014
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and males in 2013, with catch-up programs for other age groups
[1].

HPV vaccination primarily aims to protect against cervical,
anogenital and oropharyngeal cancers, and high-grade cervical
lesions related to HPV infection [2]. Australia has been a world lea-
der in demonstrating early program impacts, including declines in
HPV prevalence, high grade cervical lesions and genital warts, as
well as herd immunity effects, such as a decline in genital wart
incidence in heterosexual males prior to the inclusion of males
under the NIP [3]. Globally, HPV vaccine programs have been
uniquely affected by concerns and issues related to vaccine safety
that have negatively impacted upon vaccine uptake [4,5]. Although
questions around safety have arisen in Australia, particularly in the
early years of the program, relatively high uptake has been sus-
tained with 80.2% three dose coverage among females and 75.9%
among males in 2017, measured at 15 years of age [6].

HPV vaccine safety has been evaluated in pre-licensure clinical
trials, post-marketing surveillance systems and observational
studies worldwide [7,8]. While possible signals for an association
of HPV vaccine with Guillain-Barré syndrome (GBS) [9,10] and
venous thromboembolism (VTE) [11] were previously identified,
these were excluded in subsequent observational studies [12–
19]. Associations of HPV vaccine with other specific conditions
and syndromes, including postural orthostatic tachycardia syn-
drome (POTS), chronic fatigue syndrome (which overlaps with
POTS), complex regional pain syndrome (CRPS) and primary ovar-
ian insufficiency (POI) have been the subject of case reports and
media interest [7]. While observational studies and expert reviews
have not supported causal associations [20–24] these continue to
be proposed. Only syncope has been consistently associated with
HPV vaccination [25] and is known to be associated with vaccina-
tion more generally [26]. While generally benign and categorized
as an immunization anxiety-related reaction [27] (rather than
related to vaccine constituents), syncope following vaccination
carries the risk of harm from syncope-related injury.

The initial safety concerns which arose following the introduc-
tion of the HPV vaccination program for females in Australia
included a potential signal for anaphylaxis [28] and a series of
reports of demyelinating syndromes [29]. In Australia, sponta-
neous reports of adverse events (AE) following vaccination are
made to the national regulator of vaccines and other therapeutic
goods, the Therapeutic Goods Administration (TGA). A Gardasil
Expert Panel, established by the TGA, found that the incidence of
demyelinating disorders following HPV vaccination was no higher
than expected by chance, and that the rate of anaphylaxis was sim-
ilar to that for other vaccines [30]. A high rate of syncope [31] was
reported as an early concern but later found to be consistent with
expected rates [32].

Following these evaluations, and as one of the first countries to
implement a fully funded male program, a period of enhanced
surveillance was implemented prospectively under the vaccine
safety plan for introduction of the male program. Specifically,
school-based AE surveillance was strengthened during 2013 and
2014 by: a) ensuring school immunization nurses recorded data
on all AE occurring at the time of, or shortly after, vaccination (typ-
ically notified in the first four hours while immunization teams
were still onsite at schools); b) a focus on collecting data on four
pre-specified significant acute AEs: 1) anaphylaxis; 2) loss of con-
sciousness (including syncope); 3) generalized allergic reaction
and; 4) any condition requiring emergency department presenta-
tion or hospitalization [33]. During this period there was also more
frequent analysis and reporting of data, intended to closely moni-
tor safety in the new cohort (males) and compare it with females.

Safety surveillance data is now available for a large cohort of
Australian adolescents over 11 years, including five years of data
for males. Over this period, 4vHPV accounted for 99.9% of doses.
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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We analyzed AE following 4vHPV doses administered between
April 2007 and December 2017, focusing on determining age and
sex-specific reporting rates, analyzing the impact of enhanced
surveillance, and examining adverse events of special interest
(AESI).
2. Methods

2.1. Study population and surveillance system characteristics

Australia has a population of approximately 25 million with
over nine million doses of HPV vaccine administered between
2007 and 2017, according to the National HPV Vaccination Pro-
gram Register (NHVPR). The HPV vaccine eligible population chan-
ged over the study period (Table 1). The majority of doses were
given through the school-based vaccination program (94% for
males, 69% for females overall and 92% for females once early com-
munity catch-up programs ceased).

Anyone can report a suspected AE to the TGA, including immu-
nization providers, consumers, parents and pharmaceutical com-
panies (Australian sponsors). In most jurisdictions (comprising
eight states and territories) with responsibility for administering
school-based vaccination programs, AE reporting is a statutory
obligation for healthcare providers and predominantly occurs via
state and territory vaccine safety surveillance mechanisms [34].
Reporters are requested to provide patient identifiers including
date of birth or age, details of the product involved and the sus-
pected adverse event, including dates. The reporter is also able to
provide contact details, if consent is provided, to enable communi-
cation to seek additional information, if required. Reports are
coded by the TGA on initial receipt based on the information pro-
vided in the report, using the internationally recognized Medical
Dictionary for Regulatory Activities (MedDRA�) standardized
terms, including Preferred Terms [35]. AE reports are stored within
the TGA’s Adverse Events Management Systems (AEMS) database.

Australian sponsors are required to apply seriousness coding to
ensure legislated requirements are met. Other reports are coded
(typically on initial receipt) as ‘serious’ based on criteria similar
to the World Health Organization definition [27] and available
information, where any of the following outcomes are docu-
mented: death; inpatient hospitalization or prolongation of exist-
ing hospitalization; persistent or significant disability; life-
threatening; or congenital anomaly/birth defect. Any medical
event that requires intervention to prevent one of these outcomes
(a medically important event or reaction) may also be considered
as serious. The TGA identifies and reviews medically important
cases, which are flagged for review by a TGAmedical officer. Where
there is insufficient information for a serious AE report to be
assessed, the TGA requests follow up information from the reporter
with assistance from the relevant state or territory health depart-
ment, including medical record information where required; how-
ever, this may not always be obtained.

We analyzed AEs within the TGA AEMS database following
4vHPV vaccine doses administered between 1 April 2007 and 31
s following HPV vaccination: 11 years of surveillance in Australia, Vaccine,
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December 2017 for females, and between 1 February 2013 and 31
December 2017 for males, and reported by March 2018, to allow
for reporting lag. Reports following nonavalent (9vHPV) or bivalent
(2vHPV) HPV vaccine were excluded. The nonavalent vaccine was
not available until 1 January 2018 after which it was added to
the NIP, replacing 4vHPV vaccine. The bivalent vaccine was not
supplied under the NIP and thus only administered to a small num-
ber of women within primary care over the study period; where no
vaccine type was specified, reports were included and presumed to
be 4vHPV. Reports following vaccination during pregnancy were
identified using methods described previously [36].

For reports that were missing vaccination date, the date of reac-
tion onset was used (the median lag time between vaccination date
and reaction onset date was 0 days in this cohort). Where the reac-
tion onset date was missing, the vaccination date was replaced
with the date the report was received minus 15 days (the median
lag time from vaccination to report in this cohort). Vaccination
date was only used to determine annual rates and changes in rates
over time. For description of individual AESI, additional free text
data and medical record information, where available, was used
to review time between vaccination and reaction onset. Where
multiple 4vHPV doses were recorded within one report, the date
of latest vaccination was used.

This study was approved by the Sydney Children’s Hospital Net-
work Human Research Ethics Committee (reference LNR/18/
SCHN/440).

2.2. Descriptive analysis

AE reports were described for males and females by age group,
reporter type, concomitant vaccination and seriousness code. We
identified the top 10 most commonly reported MedDRA Preferred
Terms by sex. Crude AE reporting rates per 100 000 doses admin-
istered were calculated across the entire program with age and
sex-specific adverse event rates calculated for the NIP cohorts
(Table 1). Rates for females and males in the primary target cohort
were analyzed separately during the enhanced surveillance period.
Doses administered by vaccine type, age, sex and time period were
obtained from the NHVPR.

2.3. Adverse events of special interest (AESI)

AESI were determined by review of the literature [7,8,26] and
from recent analyses of the United States (US) Vaccine Adverse
Events Reporting System (VAERS) [37]. The following conditions
were selected: syncope, venous thromboembolism (VTE), anaphy-
laxis, autoimmune disease (AID), postural orthostatic tachycardia
syndrome (POTS), complex regional pain syndrome (CRPS) and
Guillain-Barré syndrome (GBS). To allow comparison with interna-
tional data, MedDRA Preferred Terms were selected as described
previously in VAERS analyses [37] (Appendix 1) with the exception
of GBS, where the term ‘chronic inflammatory demyelinating
polyradiculoneuropathy’ (CIDP) was added (CIPD is considered a
chronic form of GBS) [38]. These MedDRA terms were used as a
sensitive search for potentially relevant cases, which were then
further reviewed to determine whether cases met published crite-
ria for the specific condition, where information was available.
Case details were obtained from the TGA for all AESI except syn-
cope. TGA case details included those obtained during investiga-
tion of the AE, which may include follow up information from
the reporting source, medical record information and findings of
any relevant expert panel. Reports of anaphylaxis, but not other
AESI, were routinely classified according to Brighton Collaboration
criteria by the TGA based on available data. [39] Reports were
described by dose number where documented; there was no infor-
mation on whether individuals received subsequent doses.
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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Signal detection methods were not applied in this retrospective
analysis; signal detection is undertaken continuously and prospec-
tively by the TGA using the provisional reporting ratio (PRR) and
other methods.
3. Results

For 4vHPV doses given between 1 April 2007 and 31 December
2017, the TGA received 4556 adverse event reports up to 31 March
2018. Five reports for males were excluded from the main analysis
(three for males vaccinated prior to the 2013 NIP expansion and
two for male infants whose mothers were vaccinated) leaving
4551 adverse event reports.

Most reports were for the primary NIP funded cohort (12 to 13-
year-old males and females) and the most common reporters were
the respective state and territory health departments, reflecting
established pathways for reporting to the TGA (Table 2). The most
commonly reported MedDRA Preferred Terms were similar among
males and females with headache and syncope the most common
(Table 3).

Most reports (92.2%) were not coded as serious by the TGA
(Table 2). Of the 354 that were coded as serious all were assessed
by the TGA as meeting at least one criterion of the WHO definition
for a serious AE; most (n = 224) were coded as serious due to the
criterion ‘caused or prolonged hospitalization’. The proportion of
reports coded as serious changed over the study period with the
highest proportion for females in 2009 (13.9%) and 2017 (13.2%)
and the lowest proportion during the enhanced surveillance period
(3.9% for females and 2.7% for males) (data not shown). The top 10
preferred terms were similar when limiting to reports coded as
serious; injection site reaction was not one of the top 10 preferred
terms for reports coded as serious.

3.1. Adverse event reporting rates in target cohorts

Between 1 April 2007 and 31 December 2017, almost 9.4 mil-
lion doses of 4vHPV vaccine were recorded by the NHVPR in Aus-
tralia, with an overall AE reporting rate of 48.5 per 100 000 doses
administered across all age groups and 3.8 reports per 100 000
doses coded as serious.

One-hundred and two reports had either missing age, sex or
both and were not included in age- and sex- specific AE rates.
Vaccination date was missing in five per cent of cases (n = 243)
and was substituted with reaction onset date for calculation of
annual rates.

Excluding the enhanced surveillance period (2013–2014), the
reporting rate among primary and catch-up NIP cohorts (Table 1)
was 39.8 per 100 000 doses, compared to 72.3 during enhanced
surveillance, where AE reporting rates were higher overall as com-
pared with other time periods. During this enhanced surveillance
period, the rate was notably lower among older males (14 to
15 years) compared to younger (12 to 13 years) males and females
(39.1 compared to 88.4 per 100 000 doses) (Fig. 1, Appendix 2). Fol-
lowing the conclusion of enhanced surveillance, reporting rates for
females 12 to 13 years of age were maintained at slightly higher
levels than before 2013.

3.2. Pregnancy reports

Thirteen of the 4556 reports (including 3221 females and two
reports for infant males), were identified as occurring during or fol-
lowing pregnancy. Four of the 13 reports identified spontaneous
abortion and one was a report of preterm labor.

There were four reports of vaccination in pregnancy that speci-
fied AE as being various infant congenital anomalies. Three of these
s following HPV vaccination: 11 years of surveillance in Australia, Vaccine,
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*The serious code should not be considered defin ve of the seriousness of the event. It is not 
necessarily applied based on review of detailed and verified clinical data.
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ig. 1. Rates of adverse events following quadrivalent human papillomavirus
accine (4vHPV) given to females (2007 to 2017) and males (2013 to 2017),
ported by year; before, during and after an enhanced surveillance period (2013 to
014). A: All adverse event reports including reports coded as serious based on
reliminary review. B: Syncope (including MedDRA Preferred Terms ‘syncope’,
yncope vasovagal’ and ‘loss of consciousness’).

Table 2
Summary of adverse event reports to the Australian Therapeutic Goods Administration (TGA) for males and females following quadrivalent human papillomavirus vaccine
(4vHPV) given to females (2007 to 2017) and males (2013 to 2017).

Female n (%) Male n (%) Unknown n (%) Total n (%)

Total reports 3221 (70.8) 1298 (28.5) 32 (0.7) 4551
Coded as serious 295 (9.2) 54 (4.2) 5 (15.6) 354 (7.8)
4vHPV only 2167 (67.3) 604 (46.5) 22 (68.8) 2793 (61.4)

Reporter type
Health Professional 447 (13.9) 53 (4.1) 6 (18.8) 506 (11.1)
Patient/Consumer 180 (5.6) 38 (2.9) 2 (6.2) 220 (4.8)
Sponsor 106 (3.3) 1 (0.1) 8 (25.0) 115 (2.5)
State/Territory surveillance system 2488 (77.2) 1206 (92.9) 16 (50.0) 3710 (81.5)

Age group (years)
Under 12 years 99 (3.1) 39 (3.0) 3 (9.4) 141 (3.1)
12–13 years 1740 (54.0) 960 (74.0) 7 (21.9) 2707 (59.5)
14–17 years 695 (21.6) 277 (21.3) 5 (15.6) 977 (21.5)
18 years and over 627 (19.5) 9 (0.7) 4 (12.5) 640 (14.1)
Unknown 60 (1.9) 13 (1.0) 13 (40.6) 86 (1.9)

Table 3
Top 10 Preferred Terms and as a percentage of all MedDRA Preferred Terms for
adverse events following quadrivalent human papillomavirus vaccine (4vHPV)
reported to the Australian Therapeutic Goods Administration (TGA) for females
(2007 to 2017) and males (2013 to 2017)a.

Females n (%) Males n (%)

Headache 550 (6.5) Syncope 362 (13.8)
Syncope 467 (5.5) Headache 188 (7.2)
Nausea 460 (5.5) Pyrexia 156 (6.0)
Dizziness 423 (5.0) Nausea 133 (5.1)
Pyrexia 324 (3.8) Injection site reaction 120 (4.6)
Injection site reaction 307 (3.6) Dizziness 111 (4.2)
Vomiting 262 (3.1) Vomiting 108 (4.1)
Rash 255 (3.0) Pre-syncope 85 (3.2)
Urticaria 212 (2.5) Rash 64 (2.4)
Malaise 210 (2.5) Urticaria 62 (2.4)

a Note that total number of Preferred Terms will not equal total number of AE
reports as there may be more than one Preferred Term per report
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reports involved individuals who did not yet know they were preg-
nant when they received the vaccine, and the fourth report did not
contain enough narrative detail to determine this information.
There was one report of eczema in an infant following administra-
tion of 4vHPV to the infant’s mother during pregnancy. Other med-
ical conditions were noted among data contained in these reports.
No adverse outcomes were reported for the remaining pregnancy
reports.

3.3. Adverse events of special interest (AESI)

Of pre-defined AESI, syncope (as a composite measured defined
by the MedDRA Preferred Terms ‘syncope’, ‘syncope vasovagal’ or
‘loss of consciousness’ (see Appendix 1)) was the most commonly
reported (Table 4). One death was reported with the cause stated
as being cervical cancer years following HPV vaccination as an
adult; the information provided in the report (which was based
on a press article) was insufficient to determine causality.

3.3.1. Syncope
Of 856 AE classified as syncope, 825 were coded with the Med-

DRA Preferred Term ‘syncope’; 23 were coded as ‘loss of conscious-
ness’; and eight were coded with both preferred terms. Preferred
Terms that may relate to seizures (‘seizure’, ‘partial seizures’, ‘gen-
eralized tonic-clonic seizure’, ‘clonic convulsion’, ‘tonic convulsion’
and/or ‘tonic clonic movements’) were also assigned in a subset of
reports coded with ‘loss of consciousness’ (n = 15) and a small pro-
portion of reports coded as ‘syncope’ (n = 23). There were 14
reports coded with both ‘syncope’ and injury (including Preferred
Terms ‘concussion’, ‘contusion’ and ‘head injury’) of which 13 were
on the same day as vaccination.
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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Table 4
Number and rate of potential adverse events of special interest (AESI) reported
following quadrivalent human papillomavirus vaccine (4vHPV) in females (2007 to
2017) and males (2013 to 2017), in Australia.

AESIa Nb Rate in overall surveillance
period (enhanced
surveillance period)c

Syncope 856 9.11 (23.8)
Anaphylaxis 30 0.32 (0.26)
Guillain-Barre syndrome 5 0.05
Postural orthostatic tachycardia

syndrome
13 0.14

Autoimmune disease 13 0.14
Primary ovarian insufficiency 12 0.17d

Complex regional pain syndrome 4 0.04
Venous thromboembolism 3 0.03

a AESI were identified using grouped Preferred Terms as identified in Appendix 1
b Number of cases based on all those identified using prescribed search terms;

not all cases are clinically confirmed, and causality is not assumed.
c Rate per 100 000 doses administered in overall surveillance period (2007–

2017); rate during enhanced surveillance period (2013–2014) for AESI that are
likely to occur on the day of vaccination (therefore responsive to enhanced
surveillance methodology).

d Denominator includes female doses administered only (DA = 7,014,406).

A. Phillips et al. / Vaccine xxx (xxxx) xxx 5
Over half of syncope cases (n = 453) were reported during the
enhanced surveillance period. During this period, the rate of
reported syncope in the primary target cohort (12 to 13-year-old
males and females) was 29.6 per 100 000 doses administered, over
four fold higher than the rate during the remaining study period
for this same age group (7.1 per 100 000 doses). The rate in 12
to 13-year-old males and females was around three times higher
than the rate in 14 to 15-year-old males during the enhanced
surveillance period (10.7 per 100 000 doses) (Fig. 1, Appendix 3).
Rates decreased in 2014, following a peak in 2013 (from 47.1 to
13.9 per 100 000 doses in the primary target cohort). All reports
followed dose 1, where dose number was documented (94.7%,
n = 811).
3.3.2. Anaphylaxis
All 30 cases of anaphylaxis were coded using the MedDRA Pre-

ferred Term ‘anaphylactic reaction’ and all were confirmed by TGA
coders to meet the Brighton Collaboration case definition. Of the 24
cases that had reaction onset date and vaccination date docu-
mented, all occurred on the day of vaccination; six reported con-
comitant administration of another vaccine (DTPa, Hepatitis B
and/or influenza vaccines). The median age was 14 years; of the
28 cases where gender was reported, 26 were females.

Over one third of cases (n = 11) were reported in 2007. Low
annual numbers were reported following 2007 (one to four cases
per year), including during the enhanced surveillance period. The
rate over the entire program was 0.32 per 100 000 doses adminis-
tered and 0.26 per 100 000 doses during the enhanced surveillance
period (Table 4). All reports followed dose 1, where dose number
was documented (90%, n = 27).
3.3.3. Guillain-Barré syndrome (GBS)
Four cases were reported as GBS (three females and one male;

median age 13 years) and one as CIDP. One of the four GBS cases
was subsequently reclassified to CIDP. Three GBS cases were
reported as confirmed based on nerve conduction studies; the
fourth case, reviewed by the jurisdictional vaccine safety surveil-
lance system, was determined to have met level 2 of diagnostic
certainty using the Brighton Collaboration case definition. Two of
the four GBS cases were reported to have had evidence of an ante-
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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cedent illness (viral infection, mycoplasma infection) and one
reported concomitant vaccination with DTPa vaccine.
3.3.4. Postural orthostatic tachycardia syndrome (POTS) and other
postural dizziness

Of 13 cases identified using the MedDRA Preferred Terms ‘pos-
tural orthostatic tachycardia syndrome’, ‘dizziness postural’ or
‘postural reflex impairment’, most (n = 11) were in females. Six
had been coded with the Preferred Term ‘dizziness postural’ of
which five were self-limiting and occurred at the time of, or shortly
after, vaccination; three had also received concomitant vaccination
(hepatitis B, DTPa and/or influenza vaccine).

For the remaining seven cases coded with the MedDRA Pre-
ferred Term ‘postural orthostatic tachycardia syndrome’, all were
reported from 2015 and there was insufficient information on
symptoms, heart rate, blood pressure, investigations and/or dura-
tion of illness to establish a diagnosis of POTS according to pub-
lished criteria [40]. Three cases were reported as being treated
for orthostatic intolerance; two cases were reported to have also
been diagnosed with chronic fatigue syndrome (CFS). Reaction
onset dates were varied, but where documented, ranged from six
months to over a year following vaccination.
3.3.5. Autoimmune disease (AID)
All 13 reports of AID were in females; the median age at vacci-

nation was 15 years. Three had documented pre-existing AID and
reported escalation in symptoms following 4vHPV vaccination. Of
the remaining new onset cases, conditions reported included
arthritis, systemic lupus erythematosus, dermatomyositis, autoim-
mune hemolytic anemia, ulcerative colitis, thyroiditis, diabetes
mellitus, multiple sclerosis (coded with the preferred term
‘autoimmune disorder’), and non-specific diagnoses. There was
no pattern regarding time of onset following vaccination, which
was reported in seven cases and varied from one week to three
months. All reports followed dose 1, where dose number was
documented (69%, n = 9).
3.3.6. Primary ovarian insufficiency (POI)
Of 12 reports identified using the MedDRA Preferred Terms

‘premature menopause’, ‘ovarian disorder’ and ‘amenorrhea’
(Appendix 1), three were published previously in an Australian
case series [41]. Of the remaining cases, none had sufficient infor-
mation to confirm a diagnosis and two had other generalized
symptoms. Among the 12 cases, the median age at vaccination
was 16 years; where documented, amenorrhea was reported to
have occurred at variable times following vaccination.
3.3.7. Complex regional pain syndrome (CRPS)
The four reported cases of CRPS were all in females with a med-

ian age of 14 years and occurred in the individual’s vaccinated arm.
Three of the cases were also identified in a published case series
and were reported to fulfill the diagnostic criteria for CRPS [42].
The remaining case had a history of injury to the hand prior to vac-
cination and was reported to have been diagnosed with CRPS by a
pediatrician.
3.3.8. Venous thromboembolism (VTE)
The three reports of VTE were for deep vein thrombosis (DVT) in

females with a median age of 19 years; two were documented to
be taking the oral contraceptive pill and confirmed to have a
thrombophilia. These DVTs were reported at variable times (five
days to three months) following vaccination.
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4. Discussion

This review of 11 years of post-marketing vaccine safety
surveillance data from Australia’s spontaneous adverse event
reporting system has provided valuable information on HPV vac-
cine safety, as well as identified novel insights in relation to syn-
cope during the two-year period of enhanced surveillance
implemented when males were included in the vaccination pro-
gram. While the overall adverse event reporting rate (48.5 per
100 000 doses administered) was slightly higher than the rate of
reporting of AE following 4vHPV to the US VAERS (32.7 per 100
000 doses distributed) [37], this was impacted by higher reporting
rates during the enhanced surveillance period. Excluding the
enhanced surveillance period, the reporting rate (39.8 per 100
000 doses) among all funded primary and catch-up cohorts was
similar to that of VAERS and is robust due to the use of denomina-
tor data obtained from the NHVPR on doses administered. In Aus-
tralia in 2017, the number of 4vHPV AE reports in 7 to 17-year-olds
(n = 277, 3 dose series) was similar to that recorded for other ado-
lescent vaccines when taking into account scheduled doses
(diphtheria-tetanus-pertussis containing vaccine [n = 173, single
dose] and quadrivalent meningococcal vaccine [n = 83, single
dose]), noting these vaccines are usually given concomitantly [43].

Reporting rates for 4vHPV were maintained at slightly higher
levels following the enhanced surveillance period which likely
reflects continued improvements in the reporting system and the
commensurate increased awareness of and reporting of AE, as
has been seen for other NIP vaccines over time [43]. While the
increase in reporting during the enhanced surveillance period
may suggest underreporting at other times, the higher proportion
of reports that were non-serious during enhanced surveillance, as
a result of instructions to nurses to report simple syncope, is
reassuring.

Syncope was notable as the adverse event detected at an
increased rate during the period of enhanced, nurse-led school-
based surveillance. For the composite outcome of ‘syncope’ (in-
cluding the MedDRA preferred terms ‘syncope’, ‘syncope vasovagal’
and ‘loss of consciousness’), nearly half of all reported cases
occurred during the two-year enhanced surveillance period, and
the rate was over four times higher among both females and males
in the primary target cohort during this time, as compared with the
periods of routine surveillance. Inclusion of data from this
enhanced surveillance period likely explains why the overall rate
of syncope in this study was nearly double the rate reported by
VAERS in 2018 using the same Preferred Terms [37].

Analysis of enhanced surveillance data also revealed that syn-
cope was about three times as likely to occur in younger adoles-
cents (aged 12 to 13 years) than in older males (14 to 15 years)
as noted in a preliminary report by the TGA [33]. However, rates
in 12 to 13 year old females were similar to that in males of the
same age. Overall, this suggests an age-related relationship with
this well-recognized immunization stress-related reaction, that
has not previously been noted in population-level post marketing
surveillance, to our knowledge.

This comprehensive data on syncope in both sexes of young
adolescent vaccine recipients during the enhanced surveillance
period allowed for a greater awareness of this condition among
immunization program staff which ensured management proto-
cols were in place to mitigate against syncope and prevent
syncope-induced injury. The proportion of reports of syncope that
were associated with a Preferred Term indicating injury was low in
this study; similarly, the TGA review of the enhanced surveillance
period identified very few syncopal episodes associated with injury
or that had medical review, such that a decision was made not to
request school-based reporting of simple syncopal events in the
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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second year of enhanced surveillance [33]. Syncope following vac-
cination may be preventable but can create concern among vaccine
recipients and/or carers and lead to negative perceptions of vacci-
nation. It is important that immunization providers are aware of
the frequency at which this can occur, particularly in younger ado-
lescents, to avoid unduly negative outcomes [44].

The rate of anaphylaxis was higher in our study than the rate
reported to VAERS (0.32 per 100 000 doses administered compared
to 0.06 per 100 000 doses administered for VAERS) [37], but was
similar to previously reported rates from Australia (0.32 per 100
000) [45], Canada (0.3 per 100 000) [46] and Europe (0.22 per
100 000) [47]. There was likely to be high awareness and reporting
of anaphylaxis following initial signal investigation early in the
HPV vaccination program in Australia. In this context, it was con-
sidered possible that there was a reduced threshold for using adre-
naline and that syncope cases were more likely to meet the
Brighton Collaboration criteria for anaphylaxis where anaphylaxis
code was based on the treatment given. The reporting rate for ana-
phylaxis was not elevated during the enhanced surveillance period,
during which it was a specified condition, further supporting our
impression that anaphylaxis is rare after HPV vaccination, occur-
ring in fewer than 1 in 300,000 young adolescent 4vHPV vaccine
recipients.

We selected a number of other AESI to analyze in detail. Nota-
bly, while many reports were not confirmed to meet diagnostic cri-
teria for the various conditions, reporting rates were nonetheless
low, and comparable to rates using similar surveillance methods
[37]. Spontaneous reporting systems like the AEMS have specific
characteristics, including incomplete and selective reporting, that
mean it is almost never possible to conclusively determine causal-
ity for an individual case based on available data. The absence of
detailed clinical data, despite requests initiated by the TGA, made
it difficult to assess a causal relationship to vaccination for the
reports in this study. Importantly, these conditions occur at a back-
ground rate in the population, irrespective of vaccination, [48]
although data on local and age-specific prevalence and incidence
is often not available.

Only four cases of GBS, two of which had documented infection
prior to disease onset, were reported during the entire 11-year
surveillance period. The incidence of acute flaccid paralysis in Aus-
tralia (of which GBS is the diagnosis in almost half of cases) has
been estimated to be 0.8 per 100 000 children less than 15 years
of age [49]. An early possible signal for GBS following HPV vaccine
was identified and investigated in the United States [10] but was
not confirmed in analyses of either VAERS [37] or the Vaccine
Safety Datalink (VSD) [16,26]. While a cohort study in France sug-
gested an elevated hazard ratio for GBS in vaccinated versus unvac-
cinated females [9], a UK self-controlled case series subsequently
found no evidence of an increased risk in the 3 months following
vaccination [12], and a Canadian study did not identify any
increased risk of GBS-related hospitalization in HPV-target cohorts
[14]. Evidence from our analysis is consistent with these studies in
suggesting no increase in GBS in association with the introduction
of HPV vaccination.

AE identified using search criteria that may suggest POTS (a
syndrome of orthostatic intolerance associated with increase in
heart rate in the absence of orthostatic hypotension and with
light-headedness, palpitations and weakness [40]) were reported
at a low rate in our study, similar to that from two analyses of
US VAERS data (0.11 and 0.16 per 100 000 doses distributed,
respectively) [37,50]. Although the prevalence of POTS in Australia
is not well described, globally it is estimated to affect 0.2% of the
population, supporting the observation of low rates in our
cohort [40]. Many of the AE identified using our search strategy
described simple postural dizziness on the day of vaccination; for
s following HPV vaccination: 11 years of surveillance in Australia, Vaccine,
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those reported as POTS specifically, it was not possible to establish
a diagnosis of POTS according to published criteria in any case. Sim-
ilarly, in a recent study based on VAERS data, only 29.5% (n = 29) of
reports (using the preferred terms that we also used in our study)
met POTS diagnostic criteria, and a pre-existing medical condition
was documented in 20 cases, including five cases of CFS [50].

While some published reports have suggested an association
between POTS and HPV vaccination [7], neither the World Health
Organization’s Global Advisory Committee on Vaccine Safety
(GACVS) [51] nor the American Autonomic Society found evidence
to support a causal association [52]. POTS is a heterogenous condi-
tion that is prevalent in the same population that receives HPV
vaccine (adolescents and females) and symptoms can overlap with
other syndromes that occur in adolescence, such as fatigue syn-
dromes [52]; no association between HPV vaccination and
increased risk of fatigue syndromes has been identified in epidemi-
ological studies [20,22].

Most reports in our study were made after 2015 which may
reflect the responsiveness of spontaneous reporting systems to
media interest and public concern; clusters of non-specific symp-
toms attributed to POTS and CFS were reported in Denmark and
increased following heightened media reporting in 2013 and
2015 [53]. Concern arising from causal attribution given to such
temporal associations has led to declines in vaccine uptake in some
countries [4,5], resulting in lost opportunities to prevent high
grade cervical lesions [3], cervical and other cancers.

Of the other AESI examined, no vaccine safety signals were
identified. Disease flare in individuals with pre-existing AID was
reported in three cases; clinical trials did not identify any differ-
ence in the risk of disease flare between vaccinated and unvacci-
nated individuals with pre-existing AID [7]. New onset AID was
reported rarely with no consistent pattern and variable syndromes
reported; large, population-based studies have not demonstrated
any increased risk of new-onset AID following 4vHPV [13,15].
The reported rate of POI was similarly low with lack of clinical
and diagnostic data; a recent population-based epidemiological
study found no significant risk of POI following 4vHPV (HR 0.30,
95% confidence interval 0.07 to 1.36) [24] and in 2017, the GACVS
stated that there was no evidence for a causal association between
HPV vaccine and POI [51]. The rate of complex regional pain syn-
drome was similar to that reported from the US (0.28 per million
doses distributed) [37]. The rate of VTE in our study, based on just
3 cases, was comparable to the rate reported to VAERS [37]; recent
evidence [15,17] has not supported any increased risk of VTE fol-
lowing the early safety signal identified in VAERS data [11].

While HPV vaccines are not recommended for use in pregnancy,
data from spontaneous reporting systems as well as registries have
not identified fetal loss or congenital anomalies above background
rates or any concerning pattern of fetal loss following 4vHPV vac-
cine [7,36,54]; our study findings supports this conclusion. In 2017,
the GACVS concluded that inadvertent administration of 4vHPV
during pregnancy has not been shown to be associated with
adverse outcomes [51].

A limitation of our study was interpretation of the seriousness
code for reported AE which, while included for completeness, is
primarily used as a guide for sponsor reporting. Although multiple
attempts are made to obtain additional information from the
reporter, coding may not be based on review of detailed and veri-
fied clinical data in every case and may not capture all medically
important events [55]. These limitations should be considered in
interpreting the code and it should not be considered definitive
of the seriousness of the event. Identification of potential AESI
was limited by the search terms selected, which may not have cap-
tured all potentially relevant cases. Review of individual AESI was
limited by the case details obtained by the TGA during investiga-
tion; despite multiple attempts, sufficient detail is not always
Please cite this article as: A. Phillips, M. Hickie, J. Totterdell et al., Adverse event
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obtained. Our study is also subject to the inherent limitations of
spontaneous reporting systems, including incomplete and selective
reporting. While essential for signal detection and hypothesis gen-
eration (which is undertaken prospectively by the TGA and may
lead to regulatory action), spontaneous reporting systems do not
allow comparison to rates in unvaccinated populations; epidemio-
logical studies are required to explore a potential association [56].
Comparison with AE rates for other adolescent vaccines, also deliv-
ered in schools under the NIP, was limited as vaccines are often
given concomitantly with 4vHPV. The use of national vaccine reg-
istry data as a denominator for doses administered may slightly
underestimate total doses due to under-notification from predom-
inantly catch up vaccination delivered by primary care practices,
which may have modestly inflated rate estimates.
5. Conclusion

Over an 11-year period, reporting rates of AE following 4vHPV
administration in Australia were consistent with data from similar
surveillance systems internationally and did not reveal any new or
concerning safety issues. However, during a period of enhanced
surveillance implemented to monitor introduction of the vaccine
to adolescent males in addition to females, syncope was noted to
occur at a higher rate in younger adolescents than previously
observed. AESI, except for syncope, were reported rarely following
4vHPV and no new or concerning patterns were identified. This
comprehensive analysis further contributes to the large body of
existing data affirming the safe post-marketing profile of 4vHPV
vaccine in both males and females and the value and characteris-
tics of long-term spontaneous reporting systems in monitoring
vaccine safety.
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