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ABSTRACT
The combined vaccine against diphtheria, tetanus, pertussis, hepatitis B, poliomyelitis, and
Haemophilus influenzae b (DTPa-HBV-IPV/Hib, Infanrix Hexa, GSK) has been used for childhood
immunization in Australia according to a two-, four-, six-month schedule since 2009. We reviewed
data available in the Australian National Notifiable Diseases Surveillance System, annual vaccination
coverage reports, the Database of Adverse Event Notifications, and peer-reviewed literature to assess
vaccine coverage rates, incidence of all six vaccine preventable diseases, and the safety profile of
DTPa-HBV-IPV/Hib vaccine in Australian infants over a period of ten years of exclusive use. Between
2009 and 2018 vaccine coverage for infants aged 12 months increased from 91.7% to 94.0% and
from 84.9% to 92.6% for all and for Indigenous infants, respectively. Over the same time period,
there were no reports of poliomyelitis, diphtheria or tetanus in infants <12 months of age. The
incidence of hepatitis B among Australian infants <12 months of age remains 10 to 20-fold lower
than the national average. Control of Haemophilus influenzae b (Hib) and pertussis disease has
continued to be challenging. Timely administration of the primary series, as well as increasing
coverage rates, particularly among Indigenous children, has contributed to improvements in Hib
and pertussis disease control. The incorporation of additional strategies such as adjustment of the
first vaccination encounter to six weeks of age, parental cocooning, and most recently maternal
vaccination has further reduced the burden of pertussis, particularly during the first six months of
life. The frequency of the ten most common adverse events related to the DTPa-HBV-IPV/Hib vaccine
demonstrates an acceptable safety profile. Data collected over ten years of consistent, exclusive use
of the DTPa-HBV-IPV/Hib vaccine in Australia highlights combination vaccination as a cornerstone in
maintaining infant health.
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Introduction

Combination vaccines for pediatric vaccination

Combination vaccines, consisting of a single injection containing
two or more antigens against multiple diseases, represent
a valuable approach to improving vaccine coverage, timeliness
of administration, and compliance.1,2 Combination vaccines may
also assist with alleviating concerns about administering multiple
injections during a single healthcare visit.2–5 Reducing the number
of injections has additional economic benefits by decreasing
administration and stocking costs as well as the number of
healthcare visits needed for completing the vaccination course.6

The combined diphtheria, tetanus, pertussis, hepatitis
B, poliomyelitis, and Haemophilus influenzae type
b vaccine (DTPa-HBV-IPV/Hib, Infanrix Hexa, GSK)
was first licensed in Europe in 2000.5,7 DTPa-HBV-IPV
/Hib is indicated for primary vaccination of infants
according to a two- or three-dose schedule, followed by
a booster dose given at least six months after the last dose
of the primary course.

Introduction of DTPa-HBV-IPV/Hib vaccination in
Australia

The DTPa-HBV-IPV/Hib vaccine was progressively introduced
onto the Australian National Immunisation Programme (NIP) as
a three-dose primary vaccination series, given at two, four, and six
months of age from 2005 (Table 1). The Australian Capital
Territory, New South Wales, Tasmania, and Western Australia
were the first to include the vaccine on their immunization
programs in November 2005, followed by Victoria, Queensland,
and South Australia in March 2008. Since October 2009, all
Australian children have been eligible to receive the DTPa-HBV-
IPV/Hib primary vaccination course on the NIP, including medi-
cally stable infants born prematurely, i.e. before 37 weeks of
gestation, or infants with a low birth weight, i.e. lower than
2,500 g.8

In Australia, national recommendations for vaccination are
developed by the Australian Technical Advisory Group on
Immunisation (ATAGI), a ministerially appointed advisory
group comprised of individuals with amixture of research, clinical
and implementation expertise.9 Vaccination recommendations
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are published in the Australian ImmunisationHandbook (AIH)8,9

and includes a list of funded and recommended (private) vaccines
for all populations. Funded vaccines together constitute the
Australian NIP which aims to establish a good immunity base,
providing infants with protection against vaccine preventable dis-
eases through childhood, into adolescence and adulthood.10 The
Federal Department of Health has set an aspirational target of 95%
coverage for Australian infants.11,12 Uptake is driven in part
through a nationalized register providing vaccination status on
individuals and population coverage which is accessible to all
registered healthcare professionals and through the development
of legislation which prevents collection of government family tax
benefits and enrollment of children into childcarewithout proof of
vaccination.13–15

Vaccine safety is continuously monitored by the Therapeutic
Goods Administration (TGA) throughout the life cycle of imple-
mentation. The TGA collates all adverse events reported for any
therapeutic product in a publicly available national database. To
date, more than 9.6 million doses of DTPa-HBV-IPV/Hib vac-
cine have been supplied to Australian children, allowing for
substantial post-marketing safety analysis (Internal communica-
tion, 2019).

Here we review ten years of use of the DTPa-HBV-IPV/Hib
vaccine in Australian children, presenting surveillance data for
all six diseases, with the aim of demonstrating continued
improvement in vaccine coverage and sustained control of dis-
ease within the infant population. We further highlight the
substantial gains achieved in Indigenous children as well as
the importance of continued improvements in this at-risk popu-
lation. A summary of ten years of safety data captured through
the TGA reporting framework is also presented. Finally, we
discuss three strategies which have been implemented in
Australia as a means of reducing the burden of pertussis disease
in infants during the first months of life; (i) shifting of admin-
istration of the first pertussis-containing vaccine dose from two
months to six weeks of age, (ii) vaccination of household mem-
bers and caregivers of new-borns (cocooning); and (iii) imple-
mentation of maternal vaccination.

Methods

Data were gathered through a series of non-systematic reviews
of available literature and summary data assessing four areas
of DTPa-HBV-IPV/Hib vaccine implementation and safety in
Australia (Table 2):

(1) Vaccination coverage for Indigenous and non-
Indigenous children, measured at 12 months of age

(2) Notifications of six vaccine preventable conditions as
covered by the DTPa-HBV-IPV/Hib vaccine from the
national registry

(3) Non-systematic review of published literature detail-
ing the impact of DTPa-HBV-IPV/Hib vaccination in
Australian infants

(4) Collation of adverse event reporting data from the
TGA database for adverse event reporting

Data sources

Vaccination coverage
Historical (2009 to 2018) childhood vaccination coverage rates
for one-year-old infants, i.e. the percentage of children of 12 to
less than 15 months of age in Australia who had received all of
the recommended vaccines for their age, were retrieved from the
Australian Immunisation Register (AIR) through the
Department of Health website.12 We conducted non-systematic
review of peer-reviewed scientific literature using the search
terms “immunisation”, “Australia”, “Indigenous”, “coverage”,
to collect additional data about DTPa-HBV-IPV/Hib vaccine
coverage rates and timeliness of dose administration.

Notifications of vaccine preventable disease
The Australian National Notifiable Diseases Surveillance System
(NNDSS) was established in 1990. NNDSS coordinates the sur-
veillance of more than 50 communicable diseases or disease
groups at national level. Notifications are collected by State/
Territory health authorities for transmission to the Australian
Government. The Australian Department of Health collates and
anonymizes data, providing a daily update available through the
NNDSS website.16 Notifications by month of age in infants less
than one year old for the six vaccine-preventable diseases
included in the DTPa-HBV-IPV/Hib vaccine were extracted
from the Australian NNDSS data, obtained upon request to the
Department of Health (Table 2).16 We obtained population
estimates, total and infants aged less than one year stratified by
month of age, from the Australian Bureau of Statistics.18

DTPa-HBV-IPV/Hib vaccine impact
We conducted a non-systematic review of peer-reviewed litera-
ture using the search terms “immunisation”, “Australia”,
“Indigenous”, “infant”, “hepatitis B”, “Haemophilus influenzae”
and “pertussis”, to assess the impact of the DTPa-HBV-IPV/Hib
vaccine on the Australian population between 2009 and 2018.

Pertussis notifications in infants <12 months of age were
further considered according to the prevailing recommendation
for providing infant protection against disease. Between 2006 and
2009, infant vaccination was recommended. For the period 2010
to 2014, ATAGI recommendations and funded program advo-
cated for infant vaccination plus vaccination of household mem-
bers and primary caregivers (cocooning). From 2015, the ATAGI
recommendations and funding were updated to promote infant
vaccination plus third trimester maternal immunization.8

Vaccine safety data
Yearly reported adverse event data were extracted from the
“Database of Adverse Event Notifications (DAEN)- Medicines”
for theDTPa-HBV-IPV/Hib vaccine over the 2009–2018 period.17

We considered for review the tenmost frequently reported adverse
events associated with a single medicine.

Data analysis and reporting

Childhood vaccination coverage at 12 months of age was
analyzed between 2009 and 2018 for all Australian children
and in the Indigenous sub-group. Indigenous status on the
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Australian Immunisation Register is captured as “Indigenous”
for individuals of Australian Aboriginal or Torres Strait
Islander decent, “non-Indigenous”, or “unknown” as reported
by the child’s carer to the Medicare health system or by the
vaccination provider.19 Indigenous children are estimated to
represent approximately 3% of the population from an annual
birth cohort of approximately 300,000.20 We calculated the
annual number of notified cases of poliomyelitis, tetanus,
diphtheria, hepatitis B, Hib and pertussis in children under
one year of age and in Australians of all ages between 2009
and 2018. Disease incidence per 100,000 total population and
for children <12 months of age was calculated for the same
period. In the case of hepatitis B, notifications in Australia are
classified as either “newly acquired” or “unspecified”. Newly
acquired infections are those for which there is serological or
clinical evidence that infection occurred within the previous

two years. Unspecified cases (without evidence of newly
acquired infection) are more likely to represent those indivi-
duals who are newly diagnosed with chronic hepatitis B.21 For
completeness, the total number of hepatitis B notifications
(newly acquired plus unspecified) was used in our analysis.

Pertussis notifications by month of age in infants
<12 months of age were used to calculate the incidence of
disease across each month of life over the period 2006–2018.
A surrogate “intention to treat” analysis was performed to
calculate the incidence of pertussis according to the number
of doses of vaccine each infant was eligible to have received at
the time of their pertussis notification. The annual average
(mean) and standard error of the mean (SEM) incidence of
pertussis was calculated for infants eligible for zero (infants
<2 months of age), one (infants two to four months of age),
two (infants four to six months of age), and three doses
(infants six to twelve months of age) between 2006 and
2018. The resulting data were then grouped according to the
recommended pertussis vaccination practice as; (i) infant
vaccination alone (2006–2009), (ii) infant vaccination plus
post-partum parental vaccination or “cocooning” (2010–-
2014), and (iii) infant vaccination plus maternal vaccination
during the second and third trimesters of pregnancy
(2015–2018).

Spontaneously reported adverse events associated with
DTPa-HBV-IPV/Hib as a single medicine were tallied from
January 2009 to December 2018 and reported per 100,000
doses of vaccine (mean ± SEM), according to the total annual
number of doses administered.

Compliance with research ethics guidelines

This article is based on previously conducted studies as well as
publicly available surveillance data and does not contain any
new studies with human participants or animals performed by
any of the authors.

Results and discussion

Childhood vaccination coverage in Australia

Since implementation of the DTPa-HBV-IPV/Hib vaccine in
the NIP in 2009, full vaccination coverage rates for all infants
aged 12 months, as measured through the AIR (previously the
Australian Childhood Immunisation Register (ACIR)), have
increased from 91.67% to 94.04% (Figure 1). Greater gains
have been observed in the coverage rates of Indigenous chil-
dren, from 84.2% in 2009 to 92.6% in 2018. Traditionally,
Indigenous children have experienced a higher burden of
vaccine preventable diseases than their non-Indigenous coun-
terparts. Among the factors contributing to this disparity are
lower socioeconomic status as well as increased likelihood of
living in a remote or very remote geographical region.20,22,23

A national reform agreement to close the gap in Indigenous
healthcare and disadvantage has contributed to improvements
in vaccination coverage and outcomes for this population.24,25

There is evidence that when vaccine uptake is good, similar
levels of disease control can be seen in the Indigenous popu-
lation as in the general population.23,26,27

Table 1. Comparison of the Australian vaccination schedules in 1997 and 2019
for children up to one year of age.

1997 2019

Age Diseases

Number of
vaccines

administered Diseases

Number of
vaccines

administered

Birth Hepatitis B 1
2 months Diphtheria

Tetanus
Pertussis
Poliomyelitis
Hib

3 Diphtheria
Tetanus
Pertussis
Hepatitis B
Poliomyelitis
Hib
Pneumococcal
Rotavirus

3

4 months Diphtheria
Tetanus
Pertussis
Poliomyelitis
Hib

3 Diphtheria
Tetanus
Pertussis
Hepatitis B
Poliomyelitis
Hib
Pneumococcal
Rotavirus

3

6 months Diphtheria
Tetanus
Pertussis
Poliomyelitis
Hib*

3 or 2* Diphtheria
Tetanus
Pertussis
Hepatitis B
Poliomyelitis
Hib

1

12 months Measles
Mumps
Rubella
Hib*

1* or 2 Measles
Mumps
Rubella
Pneumococcal
Meningococcal**

3

Hib: Haemophilus influenzae type b
* Hib oligosaccharide conjugate vaccine was given at 2, 4 and 12 months of age
or Hib outer-membrane protein complex vaccine was given at 2, 4, 6 and
18 months of age.

**Serogroups A, C, W & Y.

Table 2. Source of data for disease notifications, vaccine coverage and adverse
events following vaccination with DTPa-HBV-IPV/Hib vaccine in Australia.

Type of data Period Population Source

Disease notifications/
Incidence rates

2009–2018 Overall/<1 yoa Data from
NNDSS16

Pertussis notifications/
Incidence rates

2006–2018 By month of age for
infants <1 yoa

Data from
NNDSS16

Vaccine coverage 2009–2018 Overall/Indigenous AIR12

Adverse events 2009–2018 Overall DAEN17

AIR: Australian Immunisation Register; DAEN: Database of Adverse Event
Notifications; NNDSS: National Notifiable Diseases Surveillance System; yoa:
years of age
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Tetanus, diphtheria and poliomyelitis in Australian
children

The incidence of tetanus in Australia has fallen since the
introduction of diphtheria-tetanus-pertussis (DTP) vaccina-
tion in 1953, and remains very low, largely due to sustained
high vaccination coverage.28 Only three cases of tetanus were
reported in 2018 in Australia, none of which occurred in the
infant population.16 Since the introduction of the combined
DTPa-HBV-IPV/Hib vaccine, no cases of tetanus have been
reported in infants less than one-year old.16

A combined toxin-antitoxin diphtheria vaccine was intro-
duced in the 1920s for children, followed by the use of
a diphtheria toxoid vaccine in a school-based program from
1932.28 The introduction of the DTP vaccine in 1953 saw con-
tinued decline in diphtheria incidence.29,30 Today, diphtheria is
rare in Australia despite remaining endemic throughout much of
the world (including parts of South East Asia).31 Between 2009
and 2018, no case of diphtheria was notified in infants less than
one year of age.16 The few cases of diphtheria which are imported
from overseas occur in individuals who have not been
vaccinated.32 Use of the DTPa-HBV-IPV/Hib vaccine remains
key to preventing the spread of diphtheria from imported cases.

The last locally acquired wild type poliomyelitis case in
Australia occurred in 1972, withAustralia officially declared polio-
free by the World Health Organization in 2000.33 However, an
imported case of wild poliovirus was reported in 2007,30,34 empha-
sizing the need for continued vaccination against poliomyelitis.

Hepatitis B

Despite overall low prevalence of hepatitis B infection in
Australia,35 Indigenous Australians have a markedly higher

incidence, estimated to be as high as 17%, which is far above
the globally recognized high-endemicity threshold.36 Hepatitis
B screening was introduced for all pregnant women in
Australia in 1985, allowing vaccination of infants born from
mothers diagnosed with chronic hepatitis B.21 In 1990, vacci-
nation was funded for all Northern Territory infants as
a three-dose series, commencing at birth. A national vaccina-
tion strategy, which included a birth dose and three additional
doses delivered at two, four, and six months, was adopted
from 2000 onwards. The current NIP schedule still consists of
a monovalent hepatitis B vaccine dose at birth, followed by
the three DTPa-HBV-IPV/Hib doses.10

The overall incidence of hepatitis B in Australia across all
age groups decreased from 33.1 to 24.2 cases per 100,000
between 2009 and 2018 (Figure 2). Over the same period, the
annual number of hepatitis B cases notified in infants less
than one-year old remained below ten, leading to incidence
rates ranging from 0.0 to 2.3 per 100,000.

The frequency of mother to child transmission of hepati-
tis B in Australia has been evaluated by several studies. In
2009, Wiseman and colleagues assessed the perinatal trans-
mission of hepatitis B from 313 pregnant women to their
children.37 Among the 138 babies born to hepatitis B DNA-
positive mothers, four cases of transmission were detected.37

Giles and colleagues conducted a retrospective assessment of
the compliance with procedures for the prevention of
mother-to-child transmission of hepatitis B among the
46,855 births having occurred in three maternity services
across Victoria over the 2006–2011 period.38 They observed
that 87% of the 398 hepatitis B-positive pregnant women
were non-Australian-born.38 These statistics are supported
by a recent report from the Kirby Institute, evidencing that

Figure 1. Coverage rates for all infants and Indigenous infants fully immunized* at 12 months of age over the 2009–2018 period in Australia.
Footnote: *Received all doses for the diphtheria-tetanus-pertussis (DTP), poliomyelitis, Haemophilus influenzae type b, hepatitis B, and pneumococcal antigens
recommended by 12 months of age. Data extracted from the Australian Immunisation Register.12
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while Asian migrants and Indigenous people
together account for approximately 10% of the total
Australian population, together they represent half of the
Australian population living with chronic hepatitis B.21

Graham and colleagues reviewed the burden of chronic
hepatitis B among Indigenous Australians prior to and follow-
ing the introduction of the NIP schedule.36 Before 2000, the
estimated prevalence of chronic infection among the adult
Indigenous population was in excess of 16%, compared to
just 0.4% of non-Indigenous adults.36 As of 2013, these rates
were estimated to have reduced to 4% in Indigenous adults,
compared to 0.9% of the non-Indigenous adult population.39

While vaccination has undoubtedly played a significant role in
reducing this gap, there remains a need for opportunistic
screening of at-risk Indigenous populations to assist with
identification of those with chronic infection.40

Along with the delivery of a birth dose of hepatitis
B vaccine within the first seven days of life, use of the com-
bined DTPa-HBV-IPV/Hib vaccine remains critical for ensur-
ing long-term immunity against the hepatitis B virus and
prevention of chronic diseases in Australian infants. Recent
data have confirmed persistence of immune response against
hepatitis B 15 years following infant vaccination,41 demon-
strating the ongoing value of vaccination of this population.

Haemophilus influenzae type b

Pre-vaccination estimates for incidence of Haemophilus influ-
enzae type B (Hib) meningitis in children aged less than five
years in Australia were 26 and 150 cases per 100,000, in non-
Indigenous and Indigenous children, respectively.42–44 Case-
fatality rates and severe sequelae after Hib meningitis episodes

were also higher in Indigenous than in non-Indigenous peo-
ple, further emphasizing the burden of Hib in this
population.44

Hib conjugate vaccines were first added onto the Australian
vaccination schedule in 1993.45 Conjugation of the Hib polyri-
bosylribitol phosphate (PRP) capsule to a carrier protein com-
ponent ensures generation of a T cell-dependent immune
response in children less than two years of age.46–48 Between
1993 and 2000 there were different Hib vaccination schedules in
place for Indigenous and non-Indigenous children (Table 1).49

Non-Indigenous infants received a tetanus toxoid (TT)-
conjugated vaccine, while Indigenous children and all infants
in the Northern Territory received a Neisseria meningitidis
outer-membrane protein (OMP)-conjugated Hib vaccine.8,50

Compared to TT and diphtheria toxoid (DT)- and CRM-
conjugation, OMP-conjugation of the PRP capsule had been
demonstrated to elicit a rapid immune response following the
first dose of vaccine in Indigenous children in Alaska.51

InMarch 2000, the vaccination schedule was modified so that
all Australian children would receive the OMP-conjugated vac-
cine, achieving the important end-point of standardized care
across the entire population.49 Further refinement of the Hib
schedule occurred between 2005 and 2009 with progressive
phasing from OMP to TT-conjugated vaccine and the inclusion
of DTPa-HBV-IPV/Hib vaccine on the national schedule.52 TT-
conjugated vaccines remain favored due to their superior
immune persistence compared to OMP-conjugated
variants.48,53,54 The inclusion of a Hib booster vaccination dur-
ing the second year of life has also remained critical to ensuring
optimal long-term protection of infants against disease.55

The Hib component of the DTPa-HBV-IPV/Hib vaccine is
presented as a lyophilized powder that requires reconstitution

Figure 2. Number of notifications and incidence of hepatitis B in infants aged 0 to 12 months and incidence in all ages over the 2009–2018 period in Australia.
Footnote: HepB, hepatitis B; m, months. Notifications are defined as laboratory-confirmed cases. Total number of notifications (newly acquired and not specified)
were included. Data obtained from the National Notifiable Diseases Surveillance System.16
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prior to administration.7 Separation of the Hib component
achieves two important goals; (i) maintenance of vaccine
antigen stability throughout the shelf life of the vaccine by
removing the risk of depolymerization,56,57 therefore (ii)
ensuring lot-to-lot consistency of the Hib component.7

Between 2009 and 2018, the average annual number of Hib
notifications reported in all age groups was 18, leading to
incidence rates lower than 0.1 per 100,000.16 Over the same
period an average of five Hib notifications were reported in
infants aged less than one year annually, leading to incidence
rates varying between 1.5 and 4.0 per 100,000 (Figure 3). Of
those cases occurring within the first 12 months of life, an
average of just three cases per year were seen during the first
six months of life. None of the notifications observed over this
period represented outbreaks of invasive Hib disease.

An analysis of the 54 cases of Hib notified between 2014 and
2016 reported nine (16.7%) occurred in Indigenous people
although they were estimated to represent only 3.3% of the total
population.17,30 In a local review on the impact of Hib vaccination,
Menzies et al. suggested that the increased burden in Indigenous
children may be the combined result of earlier exposure to the
bacteria and more persistent nasopharyngeal colonization, as well
as various factors contributing to suboptimal immunologic
response to vaccination, including delayed receipt of the primary
immunization series.58 In line with this, the incidence of invasive
Hib disease over the 1995–2005 period in Indigenous children
under five years of agewas consistently observed to be three- to 17-
fold higher than in non-Indigenous children.45 Further, numbers
of Hib cases reported in Australian children aged less than five
years old between 2007 and 2010 also showed a disparity with
annual incidence rates of 5.6 and 0.4 per 100,000 in Indigenous
and non-Indigenous children, respectively.59 However, in the

context of the small proportion of the total birth cohort, this
represents an average of less than two notifications annually,
suggesting that Hib disease remains well controlled within the
Indigenous population, even within smaller remote and highly
remote communities.52 Unlike elsewhere in the world, there has
been no documented resurgence or return of invasive Hib disease
following the switch from OMP to TT-conjugated vaccines in the
Australian Indigenous population.52 Rather, continued disparities
in disease burden between Indigenous and non-Indigenous popu-
lations highlight the importance of achieving high uptake and
timely delivery of vaccines as well as the reduction of other
modifiable risks for vaccine-preventable disease in at-risk
populations.

Pertussis

In Australia, pertussis vaccination was first introduced in the
1940s and the combined diphtheria-tetanus-pertussis vaccine
was introduced in 1953.28,60 Following recommendation from
the National Health and Medical Research Council, whole cell
vaccines were replaced by acellular vaccines in 1999.61 The
current childhood NIP schedule includes vaccination against
pertussis at two, four, and six months of age.10 Local guide-
lines have included a recommendation to commence this
schedule at six weeks of age rather than at eight weeks as
a means of providing earlier protection against severe
disease.8 The primary DTPa-HBV-IPV/Hib series is followed
by booster doses of DTPa vaccine at 18 months and four
years.10 A further booster with a reduced antigen content
vaccine (dTpa) is delivered at 12–13 years of age.10 Maternal
dTpa vaccination is also provided under the Australian NIP
during every pregnancy from 20 weeks.8,10 These vaccination

Figure 3. Number of notifications and incidence of Haemophilus influenzae type B (Hib) in infants aged 0 to 12 months and incidence in all ages over the
2009–2018 period in Australia.
Footnote: m: months. Notifications are defined as laboratory-confirmed cases. Data obtained from the National Notifiable Diseases Surveillance System.16
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strategies are geared toward controlling the severity of disease
in the youngest age groups.

Pertussis notifications follow a cyclical pattern in Australia,
with seasonal peaks occurring every three to four years.62,63 In
recent years, larger and more sustained peaks have been
observed and these are thought to be due to several factors.
Improved availability and testing methods, such as polymer-
ase chain reaction, to confirm suspected cases, as well as
increased access to primary care services, have contributed
to an increase of pertussis notifications.64 Heightened aware-
ness of pertussis by the medical and general communities has
also led to more frequent testing.64 These factors together
likely represent an improvement in the ability to measure
the true burden of pertussis in the community,65,66 however,
it is important to recognize that a large proportion of pertus-
sis infections, particularly those affecting adults still go
undiagnosed.66

Vaccination programs, together with advances in health-
care, have had a considerable impact on pertussis-related
mortality.30,60 Whilst pertussis death is now rare, severity is
still of concern in infants under one year of age.67–69 Review
of the data collected between 1994 and 2004 in Australia
found that infection is most likely to occur in infants who
are too young to be fully immunized or had not received
timely vaccination.70 The incidence of pertussis in infants
less than one year of age remains approximately double the
rate seen in the overall population (Figure 4). Incidence data
collected over the 2009–2018 period for children under
one year of age show an overall decreasing trend from 390
to 102 cases per 100,000 individuals.

The Pediatric Active Enhanced Disease Surveillance
(PAEDS) network has reported pertussis notifications in chil-
dren under 15 years of age since 2012. The aim of this
surveillance is to determine the factors contributing to hospi-
talization and severe outcomes due to pertussis (and other

vaccine preventable diseases) at specific sentinel sites across
Australia.71 In 2015 and 2016, 42% and 23% of all children
hospitalized with pertussis were aged less than three months,
respectively.72,73 Over the 2012–2015 period, 37% of the chil-
dren under one year of age who were hospitalized with
laboratory confirmed pertussis were too young to be
vaccinated.72 In line with these findings, NNDSS data col-
lected between 2009 and 2018 demonstrate a peak in the
average incidence of pertussis at approximately two months
of age (Figure 5). As the first dose of pertussis vaccine cannot
be administered earlier than six weeks of age,7 additional
strategies have been sought to assist with control of pertussis
during the first months of life.

Strategies for reducing burden of pertussis disease in
early infancy

Recently, three strategies aimed at reducing the burden of
pertussis disease in infants during their first months of life
have been introduced in Australia.67–69

Optimization of the childhood vaccination schedule
As early as 2011, Foxwell and colleagues estimated an 8%
reduction of pertussis notifications if the first dose of vaccine
was administered at six weeks instead of two months of age.74

In line with this, early administration of the first DTPa-HBV-
IPV/Hib dose, at six, as opposed to eight weeks of age has
been encouraged in Australia since 2011.75

In 2016, an increase in the number of notifications of
pertussis in children aged two to four years old led to the re-
introduction of the 18-month booster dose.76 This booster
dose, delivered as DTPa, was initially included in the NIP
schedule but removed in 2003. Subsequently, the ATAGI
recommended the re-introduction of this pertussis booster

Figure 4. Number of notifications and incidence of pertussis in infants aged 0 to 12 months and incidence in all ages over the 2009–2018 period in Australia.
Footnote: m: months. Notifications include confirmed and probable cases. Data obtained from the National Notifiable Diseases Surveillance System.16
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dose at 18 months necessary to improve pertussis control and
limit the transmission to infants from older siblings.76

Cocooning
As the source of infant pertussis infection can commonly be traced
to close relatives,77 vaccination of adult household members has
been suggested as an effective way to prevent infant pertussis
notifications. In 2013, a review of nine studies by Wiley and
colleagues reported when identified, the source of pertussis infec-
tion in hospitalized infants aged less than six months was the
mother in 39% of cases.78 Fathers and grandparents accounted
for 16% and 5% of the identified sources of infection,
respectively.78

In Australia, post-partum parental vaccination was recom-
mended and funded in various forms from 2010 to 2015.8,10

A case control study reported by Quinn and colleagues demon-
strated that vaccination of both parents reduced the risk of
pertussis infection for children less than four months of age by
51%.79 Notably, in order to be effective, immunization had to
occur more than four weeks prior to infant disease onset.
A similar study conducted by Rowe et al. reported a 77% reduc-
tion in pertussis in children less than one-year-old when both
parents were immunizedmore than 28 days before infant disease
onset.80 While there are local reports of high uptake of parental
vaccination in this setting,81,82 the cocooning strategy is limited
by the challenge of ensuring vaccination of all individuals that
may potentially come into contact with a young infant.83 For this
reason, maternal vaccination is favored as the primary strategy
for the protection of new-born infants against pertussis due to its
efficacy and logistical advantages.70,84,85

Maternal vaccination
During in utero development, antibodies are transferred across
the placenta from the mother to the fetus.86,87 These antibodies

have been demonstrated to provide passive immunity against
influenza and pertussis to new-born infants during their first
months of life.88,89 Maternal influenza vaccination was first
introduced and funded under the NIP in Australia in 2010.90

Maternal dTpa vaccination during the third trimester of preg-
nancy was first recommended by the ATAGI in March 2015
and funded through state-based vaccination programs.91,92 The
program has matured through inclusion on the NIP in 2018 and
recent expansion of the recommendation for vaccination to
occur at any time during the second and third trimesters.8,93

Uptake of maternal pertussis vaccine in Australia has been
reported to range between 64%,94 and 81%95 when included as
standard antenatal care. The impact of maternal vaccination in
reducing early pertussis notifications has been demonstrated
both in Australia96 and overseas.97,98 This is further evidenced
when NNDSS data are stratified according to the eligible num-
ber of doses of pertussis containing vaccine by age (Figure 6).
The maternal vaccination era (2015–2018) has demonstrated
significant reductions in the incidence of pertussis in infants
who are too young to be eligible for receipt of the first dose of
DTPa-HBV-IPV/Hib vaccine, compared to the cocooning (-
2010–2014) and infant alone (2008–2009) vaccination strategies.
These differences are negated following receipt of the first
DTPa-HBV-IPV/Hib dose, highlighting the continued impor-
tance of achieving high vaccine coverage and timely delivery of
doses to maintain control of pertussis during the first year of life.

Timeliness of childhood vaccination

As already discussed, childhood vaccination coverage rates in
Australia are high and continuously improving (Figure 1).
However, coverage rates are not the sole factor impacting the
performance of vaccination programs. Timeliness of vaccination,
i.e. age-appropriate administration of the vaccine dose, is of key

Figure 5. Average notifications and incidence of pertussis by month of age during first year of life, over the 2009–2018 period in Australia.
Footnote: Error bars (notifications) and light orange (incidence) represent the standard error to the mean. m: months. Notifications include confirmed and probable
cases. Data obtained from the National Notifiable Diseases Surveillance System.16
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importance for diseases that can severely impact infants, such as
Hib and pertussis. The AIR provides an ideal tool to assess the
timeliness of infant vaccination.14 Data collected between 1996
and 2012 reported that the proportion of children with delayed
vaccination was higher in Indigenous children compared to non-
Indigenous children (23.0% vs 11.9% for the first DTP containing
dose, respectively).99 Significant inroads have beenmade in closing
this gap with the latest National Center for Immunisation
Research and Surveillance data demonstrating timely administra-
tion of the firstDTPadose nowachieving 97.6%and93.4% innon-
Indigenous and Indigenous children, respectively.100 Timeliness of
the second and third doses of DTPa falls to 91.1% and 81.5% in
non-Indigenous children and to 80.0% and 65.8% in Indigenous
children, respectively.100 This gap might partly explain the
increased incidence of vaccine preventable diseases in
Indigenous infants.101

Even though vaccination coverage rates in Australia are high,
there is room for improvement of vaccination timeliness, particu-
larly for encounters beyond the primary infant series (beyond the
scope of the current review).99,102 Regarding the primary series,
children born overseas or in remote areas of Australia are more
likely to be delayed in their receipt of vaccinations.103 Delayed or
missing vaccination is mainly due to parents’ lack of access to
health services and other socioeconomic factors, such as larger
family size and unemployment.102,104,105 Parental conscientious
objection to vaccination is relatively rare in Australia, estimated
at less than 2%,106 and therefore unlikely to play a significant role
in determining vaccine uptake.107 Therefore, catch-up programs
are the most efficient strategies for addressing the vaccination

coverage and timeliness gaps in Australian children,108 and should
ideally be initiated as early as possible to minimize the number of
missed vaccination encounters. The upper age limit for adminis-
tration of combination vaccines as well as the co-administration of
multiple vaccines should be considered when planning a catch-up
schedule.

Comparison with other countries

Direct comparisons of Australian data with other developed
countries are difficult due to variations in vaccines selection,
schedule, program implementation, and surveillance.
However, some broad comparisons and general trends are
discussed below. Childhood vaccination coverage rates are
generally high in other developed countries.109 However,
a decreasing trend in coverage for vaccines against diseases
including poliomyelitis, diphtheria, tetanus, and pertussis has
been reported during the last decade in Europe.110 The per-
centage of European children aged two years old who received
three doses of the combined DTP vaccine increased from
96.8% in 2009 to 97.5% in 2012, and then decreased to
95.1% in 2017.110 In the US, coverage of the third DTPa
dose remained stable, at 94.1% in 2013, and 94.0% in 2017.111

Similarly, to Australia, the US and Europe have been declared
polio free.112,113 Though some countries are of special concern to
the European Regional Certification Commission (RCC) for
Poliomyelitis Eradication due to their suboptimal vaccination
coverage rates and weaknesses in disease surveillance.112 Tetanus

Figure 6. Average incidence of pertussis by number of vaccine doses received over the period of use of infant vaccination only and in combination with cocooning or
maternal vaccination.
Footnote: Error bars represent the standard error to the mean. “Zero doses” refers to infants <2 months of age. “One dose” refers to infants 2–4 months of age. “Two
doses” refers to infants 4–6 months of age. “Three doses” refers to infants 6–12 months of age. Cocooning refers to the post-partum parental vaccination. Maternal
vaccination refers to maternal dTpa vaccination during the second and third trimesters of pregnancy. Data obtained from the National Notifiable Diseases
Surveillance System.16
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and diphtheria cases are likewise rare in Europe and the
US.114,115 Reported tetanus cases predominantly affect older,
unvaccinated adults.116,117 Overall Hepatitis B incidence is low
(<0.5/100,000) in children living in the US and in Europe.118,119

A review from 10 European countries that almost exclusively
used the DTPa-HBV-IPV/Hib vaccine between 2006 and 2013
showed sustained control of Hib infection, suggesting vaccine
effectiveness in these populations.55 Pertussis remains a concern
in Europe as well as in the US, with an increasing trend in
notifications and the highest burden in those aged less than
one year.120,121

Finally, a review assessing immunogenicity and safety of
the DTPa-HBV-IPV/Hib vaccine after eight years of licensure
in Europe has confirmed vaccine impact and safety using
post-marketing surveillance data.5 This adds to the body of
evidence collected through multiple clinical trials, having stu-
died or used as comparator the DTPa-HBV-IPV/Hib vaccine,
that showed its acceptable safety profile.122–124

Safety surveillance

Between 1 January 2009 and 31 December 2018, more than
9.6 million doses of DTPa-HBV-IPV/Hib vaccine were distrib-
uted on the Australian market (internal communication). Over
the same period, a total of 9,066 adverse events were reported to
the DAEN, among which 627 were suspected to have been
caused solely by the administration of DTPa-HBV-IPV/Hib
vaccine.17 The adverse event most frequently reported after
administration of the vaccine was injection-site reaction
(n = 105), followed by fever (n = 62), and vomiting (n = 30).
The annual frequency of the ten most commonly reported

adverse events per 100,000 doses (Figure 7) is consistent with
the safety profile reported for the DTPa-HBV-IPV/Hib vaccine
in clinical trials and the product information,7,125 as well as in
other safety surveillance data.5,126

Limitations and caveats of the current review

National databases have been used for the collection of data
relating to vaccine coverage rate, disease notifications and
adverse events following vaccine administration. These data
are assumed to accurately reflect childhood vaccination with
the DTPa-HBV-IPV/Hib vaccine. Nevertheless, there are
some limitations worth highlighting.

Firstly, vaccination coverage rates are reported throughout
this review according to receipt of all the vaccines recom-
mended by 12 months of age for the one-year-old cohort
(children aged 12 to less than 15 months). This means that
an individual has received all doses for the DTP, poliomyelitis,
Hib, hepatitis B, and pneumococcal antigens according to the
Australian Handbook recommendations at that timepoint.
While tables detailing the current year (12-month period)
provide the break down across all vaccine types/antigens,
historical tables provide only an overall coverage rate which
includes children having been vaccinated against all diseases
before they reached 15 months of age. It is therefore possible
that historical coverage rates underestimate the number of
infants who have completed a full schedule of DTPa-HBV-
IPV/Hib vaccine through exclusion of those who did not
receive one or more of the other vaccines during their
first year of life. Moreover, there is currently limited publicly
reportable information available from the AIR regarding the

Figure 7. Frequency of adverse events reported for the use of DTPa-HBV-IPV/Hib vaccine as single medicine over the 2009–2018 period in Australia.
Footnote: Error bars represent the upper limit of the standard error to the mean. DTPa-HBV-IPV/Hib: combined vaccine against diphtheria, tetanus, pertussis, hepatitis
B, poliomyelitis, and Haemophilus influenzae b. Data extracted from the Database of Adverse Event Notifications.17
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timeliness of vaccine administration, despite this being
a critical factor in childhood vaccination, particularly for
optimal protection against pertussis.

Secondly, surveillance data reporting vaccine-preventable
disease notifications rely on computerized, completely de-
identified records of notifications being provided by State/
Territory health authorities under the provisions of the public
health legislation in their jurisdiction.16 This de-identification
prohibits the analysis of disease incidence and its correlation
with receipt of appropriate vaccine/s for any single individual.
Likewise, publicly available historical tables do not include
information on the Indigenous status of notifications.

Finally, the current safety analysis assumes that all serious
adverse events occurring after administration of the vaccine
are reported to the TGA. Where the appropriate reporting
processes are not followed and that adverse events may be
omitted from TGA reports extracted from the DAEN. The
potential underestimation of adverse events is expected to be
low as reporting failure is anticipated to occur infrequently.
Further, the frequency of adverse events presented in this
review is calculated for those relating to a single suspected
medicine, i.e. DTPa-HBV-IPV/Hib vaccine only. Those events
observed in the setting of co-administered medicines have
been omitted. As the Australian Immunisation Handbook
encourages co-administration of multiple funded and private-
market vaccines with the first two doses of DTPa-HBV-IPV
/Hib vaccine, some adverse events might have been notified
for all injected vaccines. This may, in turn, lead to an under-
estimation of the frequency when looking at the number of
reports related to a single suspected medicine. However, fre-
quencies based on all reports would have included adverse

events more typically reported for other vaccines or resulting
from the co-administration which was not the focus of the
current analysis.

Conclusion

The DTPa-HBV-IPV/Hib vaccine has demonstrated beneficial
impact in Australia since its introduction in 2005, maintaining
protection of infants against diphtheria, tetanus and poliomyeli-
tis, and improving protection against hepatitis B, pertussis and
Hib, particularly in Indigenous infants. Timely administration of
DTPa-HBV-IPV/Hib vaccine remains key to maintaining con-
trol of pertussis. Due to their vulnerability, Australian infants
aged less than 12 months of age, in particular those too young to
be vaccinated, remain the most vulnerable to pertussis.
Additional strategies, such as maternal vaccination and adminis-
tration of the first vaccine dose at six weeks have had a beneficial
impact on the incidence of pertussis in newborns, reducing the
number of notifications in the first six months of life.

Safety monitoring carried out since the introduction of
DTPa-HBV-IPV/Hib over a ten-year period provides confi-
dence about the reliability of its safety profile.

The use of DTPa-HBV-IPV/Hib together with its high
vaccine coverage is the foundation of the Australian NIP,
providing a solid base for protection of children against child-
hood infectious diseases (Figure 8). Use of a combined vac-
cine protecting against six childhood diseases has an even
greater impact where remoteness and healthcare access stands
in the way of vaccination.

Figure 8. Plain language summary.

186 J. BAYLISS ET AL.



Authorship

All named authors meet the International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this article, take responsibility
for the integrity of the work and have given their approval for this
version to be published.

Medical writing, editorial, and other assistance

The authors thank Business & Decision Life Sciences platform for edi-
torial assistance and manuscript coordination, on behalf of GSK:
Jonathan Ghesquiere provided writing support and Janne Tys coordi-
nated manuscript development and editorial support.

Disclosure of potential conflicts of interest

JB, DP, KO and MN are currently employees of the GSK group of compa-
nies. KO and MN hold shares in the GSK group of companies. Prior to
joining the GSK group of companies, MN was a Principal Clinical Trial
investigator for Abbott, Baxter, bioCSL, Novartis, Pfizer, Sanofi Pasteur,
Wyeth and received consultancy fees and travel grants to present indepen-
dent research. TN and PR and their institution received funding from the
GSK group of companies, outside of the submitted work. PR participated in
GSK’s scientific advisory boards for maternal immunization and meningo-
coccal B vaccine without any personal benefit.

Funding

GlaxoSmithKline Biologicals S.A. funded this study and all costs related
to the development of the publication.

Compliance with ethics guidelines

This article is based on previously conducted studies and does not
contain any studies with human participants or animals performed by
any of the authors.

Data availability

The datasets generated during and/or analyzed during the current study
have been made available to the authors following specific request to the
Office of Health Protection. Summarized data are publicly available from
the Communicable Diseases Network Australia on reasonable request.

ORCID

Julianne Bayliss http://orcid.org/0000-0003-3578-4952
Michael Nissen http://orcid.org/0000-0003-1686-3313
Peter Richmond http://orcid.org/0000-0001-7562-7228
Terry Nolan http://orcid.org/0000-0001-6018-3863

References

1. Koslap-Petraco MB, Judelsohn RG. Societal impact of combina-
tion vaccines: experiences of physicians, nurses, and parents.
J Pediatr Health Care. 2008;22(5):300–09. doi:10.1016/j.
pedhc.2007.09.004.

2. Kurosky SK, Davis KL, Krishnarajah G. Effect of combination
vaccines on completion and compliance of childhood vaccinations
in the United States. Hum Vaccin Immunother. 2017;13
(11):2494–502. doi:10.1080/21645515.2017.1362515.

3. Maman K, Zöllner Y, Greco D, Duru G, Sendyona S, Remy V.
The value of childhood combination vaccines: from beliefs to
evidence. Hum Vaccin Immunother. 2015;11(9):2132–41.
doi:10.1080/21645515.2015.1044180.

4. Dodd D. Benefits of combination vaccines: effective vaccination
on a simplified schedule. Am J Manag Care. 2003;9:S6–12.

5. Zepp F, Schmitt H-J, Cleerbout J, Verstraeten T, Schuerman L,
Jacquet J-M. Review of 8 years of experience with Infanrix hexa™
(DTPa–HBV–IPV/Hib hexavalent vaccine). Expert Rev Vaccines.
2009;8(6):663–78. doi:10.1586/erv.09.32.

6. Ciarametaro M, Bradshaw SE, Guiglotto J, Hahn B, Meier G.
Hidden efficiencies: making completion of the pediatric vaccine
schedule more efficient for physicians. Medicine. 2015;94(4):e357.
doi:10.1097/MD.0000000000000357.

7. European Medicines Agency. Infanrix hexa: EPAR - Product
information. [accessed 2019 May 02]. https://www.ema.europa.
eu/en/medicines/human/EPAR/infanrix-hexa.

8. Australian Government - Department of Health. Australian
Immunisation Handbook. [accessed 2019 May 02]. https://immu
nisationhandbook.health.gov.au/.

9. Australian Government - Department of Health. Australian tech-
nical advisory group on immunisation. [accessed 2019 May 02].
https://beta.health.gov.au/committees-and-groups/australian-
technical-advisory-group-on-immunisation.

10. Australian Government - Department of Health. National immu-
nisation program schedule. [accessed 2019 May 02]. https://beta.
health.gov.au/health-topics/immunisation/immunisation-
throughout-life/national-immunisation-program-schedule.

11. Hull B, Hendry A, Dey A, Beard F, Brotherton J, McIntyre P
Annual immunisation coverage report 2016. 2018. [accessed 2019
May 02]. http://www.ncirs.org.au/sites/default/files/2018-11/
NCIRS-Annual-Immunisation-Coverage-Report-2016.pdf.

12. Australian Government - Department of Health. Childhood
immunisation coverage. [accessed 2019 May 03]. https://beta.
health.gov.au/health-topics/immunisation/childhood-
immunisation-coverage.

13. Lim C, Currie GE, Waddington CS, Wu Y, Setijo S, Leask J,
Marsh JA, Snelling TL. Identification of the determinants of incom-
plete vaccination in Australian children. Vaccine: X. 2019;1:100010.

14. Hull BP, Deeks SL, McIntyre PB. The Australian childhood immu-
nisation register—A model for universal immunisation registers?
Vaccine. 2009;27(37):5054–60. doi:10.1016/j.vaccine.2009.06.056.

15. Nolan TM. The Australian model of immunization advice and
vaccine funding. Vaccine. 2010;28:A76–A83. doi:10.1016/j.
vaccine.2010.02.038.

16. Australian Government - Department of Health. National notifi-
able diseases surveillance system. [accessed 2019 May 03]. http://
www9.health.gov.au/cda/source/cda-index.cfm.

17. Administration DoH-TG. Database of adverse event notifications
(DAEN). [accessed 2019 May 03]. https://www.tga.gov.au/data
base-adverse-event-notifications-daen.

18. Australian Bureau of Statistics. Estimates of aboriginal and torres
strait islander Australians, June 2016. [accessed 2019 May 14].
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001.

19. Rank C, Menzies RI. How reliable are Australian childhood
immunisation register coverage estimates for indigenous children?
An assessment of data quality and coverage. Commun Dis Intell
Q Rep. 2007;31:283–87.

20. Australian Bureau of Statistics. 3238.0.55.001- Estimates of abori-
ginal and torres strait islander Australians, June 2016. 2018.
[accessed 2020 Feb 12]. https://www.abs.gov.au/ausstats/abs@.
nsf/mf/3238.0.55.001.

21. Kirby Institute. HIV, viral hepatitis and sexually transmissible
infections in Australia: annual surveillance report 2018. [accessed
2019 May 06]. https://kirby.unsw.edu.au/sites/default/files/kirby/
report/KI_Annual-Surveillance-Report-2018.pdf#page=112.

22. Hull B, Hendry A, Dey A, McIntyre P, Macartney K, Beard F
Annual immunisation coverage report 2018. 2019 [accessed 2020
Feb 12]. http://www.ncirs.org.au/sites/default/files/2019-11/
NCIRS%20Annual%20Immunisation%20Coverage%20Report%
202018.pdf.

23. Menzies RI, Singleton RJ. Vaccine preventable diseases and vacci-
nation policy for Indigenous populations. Pediatr Clin North Am.
2009;56(6):1263–83. doi:10.1016/j.pcl.2009.09.006.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 187

https://doi.org/10.1016/j.pedhc.2007.09.004
https://doi.org/10.1016/j.pedhc.2007.09.004
https://doi.org/10.1080/21645515.2017.1362515
https://doi.org/10.1080/21645515.2015.1044180
https://doi.org/10.1586/erv.09.32
https://doi.org/10.1097/MD.0000000000000357
https://www.ema.europa.eu/en/medicines/human/EPAR/infanrix-hexa
https://www.ema.europa.eu/en/medicines/human/EPAR/infanrix-hexa
https://immunisationhandbook.health.gov.au/
https://immunisationhandbook.health.gov.au/
https://beta.health.gov.au/committees-and-groups/australian-technical-advisory-group-on-immunisation
https://beta.health.gov.au/committees-and-groups/australian-technical-advisory-group-on-immunisation
https://beta.health.gov.au/health-topics/immunisation/immunisation-throughout-life/national-immunisation-program-schedule
https://beta.health.gov.au/health-topics/immunisation/immunisation-throughout-life/national-immunisation-program-schedule
https://beta.health.gov.au/health-topics/immunisation/immunisation-throughout-life/national-immunisation-program-schedule
http://www.ncirs.org.au/sites/default/files/2018-11/NCIRS-Annual-Immunisation-Coverage-Report-2016.pdf
http://www.ncirs.org.au/sites/default/files/2018-11/NCIRS-Annual-Immunisation-Coverage-Report-2016.pdf
https://beta.health.gov.au/health-topics/immunisation/childhood-immunisation-coverage
https://beta.health.gov.au/health-topics/immunisation/childhood-immunisation-coverage
https://beta.health.gov.au/health-topics/immunisation/childhood-immunisation-coverage
https://doi.org/10.1016/j.vaccine.2009.06.056
https://doi.org/10.1016/j.vaccine.2010.02.038
https://doi.org/10.1016/j.vaccine.2010.02.038
http://www9.health.gov.au/cda/source/cda-index.cfm
http://www9.health.gov.au/cda/source/cda-index.cfm
https://www.tga.gov.au/database-adverse-event-notifications-daen
https://www.tga.gov.au/database-adverse-event-notifications-daen
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
https://www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0.55.001
https://kirby.unsw.edu.au/sites/default/files/kirby/report/KI_Annual-Surveillance-Report-2018.pdf#page=112
https://kirby.unsw.edu.au/sites/default/files/kirby/report/KI_Annual-Surveillance-Report-2018.pdf#page=112
http://www.ncirs.org.au/sites/default/files/2019-11/NCIRS%20Annual%20Immunisation%20Coverage%20Report%202018.pdf
http://www.ncirs.org.au/sites/default/files/2019-11/NCIRS%20Annual%20Immunisation%20Coverage%20Report%202018.pdf
http://www.ncirs.org.au/sites/default/files/2019-11/NCIRS%20Annual%20Immunisation%20Coverage%20Report%202018.pdf
https://doi.org/10.1016/j.pcl.2009.09.006


24. Cashman PM, Allan NA, Clark KK, Butler MT, Massey PD,
Durrheim DN. Closing the gap in Australian Aboriginal infant
immunisation rates – the development and review of a pre-call
strategy. BMC Public Health. 2016;16(1):514. doi:10.1186/s12889-
016-3086-x.

25. Hendry AJ, Beard FH, Dey A, Meijer D, Campbell-Lloyd S,
Clark KK, Hull BP, Sheppeard V. Closing the vaccination coverage
gap in New South Wales: the aboriginal immunisation healthcare
worker program. Med J Aust. 2018;209(1):24–28. doi:10.5694/
mja18.00063.

26. Boughton CR. Smallpox and Australia. Intern Med. 2002;32
(1–2):59–61.

27. Patel M, Lush D. Measles vaccine effectiveness in Central
Australian aboriginal children vaccinated at or after eight months
of age. Aust N Z J Public Health. 1998;22(6):729–30.

28. Gidding HF, Burgess MA, Kempe AE. A short history of vaccina-
tion in Australia. Med J Aust. 2001;174(1):37–40. doi:10.5694/
j.1326-5377.2001.tb143144.x.

29. Hall R. Notifiable diseases surveillance, 1917 to 1991. Commun
Dis Intell. 1993;17:226–36.

30. Australian Institute of Health and Welfare. Vaccine-preventable
diseases. 2018. [accessed 2019 May 07]. https://www.aihw.gov.au/
reports/immunisation/vaccine-preventable-diseases/contents.

31. Clarke KEN Review of the epidemiology of diphtheria - 2000-2016.
[accessed 2019 Aug 05]. https://www.who.int/immunization/sage/
meetings/2017/april/1_Final_report_Clarke_april3.pdf.

32. Australian Institute of Health and Welfare. Diphtheria in
Australia. 2018. [accessed 2019 May 07]. https://www.aihw.gov.
au/getmedia/f4c418f9-b4fe-4fb3-84e6-366d5098a8a0/aihw-phe
-236_Diphtheria.pdf.aspx.

33. D’Souza RM, Kennet M, Watson C. Australia declared polio free.
Commun Dis Intell. 2002;26:253–60.

34. Stewardson AJ, Roberts JA, Beckett CL, Prime HT, Loh P-S,
Thorley BR, Daffy JR. Imported case of poliomyelitis,
Melbourne, Australia, 2007. Emerg Infect Dis. 2009;15(1):63–65.
doi:10.3201/eid1501.080791.

35. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ.
Estimations of worldwide prevalence of chronic hepatitis B virus
infection: a systematic review of data published between 1965 and
2013. The Lancet. 2015;386(10003):1546–55. doi:10.1016/S0140-
6736(15)61412-X.

36. Graham S, Guy RJ, Cowie B, Wand HC, Donovan B, Akre SP,
Ward JS. Chronic hepatitis B prevalence among Aboriginal and
Torres Strait Islander Australians since universal vaccination:
a systematic review and meta-analysis. BMC Infect Dis. 2013;13
(1):403. doi:10.1186/1471-2334-13-403.

37. Wiseman E, Fraser MA, Holden S, Glass A, Kidson BL, Heron LG,
Maley MW, Ayres A, Locarnini SA, Levy MT. Perinatal transmis-
sion of hepatitis B virus: an Australian experience. Med J Aust.
2009;190(9):489–92. doi:10.5694/j.1326-5377.2009.tb02524.x.

38. Giles ML, Grace R, Tai A, Michalak K, Walker SP. Prevention of
mother-to-child transmission of hepatitis B virus (HBV) during
pregnancy and the puerperium: current standards of care. Aust
N Z J Obstet Gynaecol. 2013;53(3):231–35. doi:10.1111/ajo.12061.

39. Jefferies M, Rauff B, Rashid H, Lam T, Rafiq S. Update on global
epidemiology of viral hepatitis and preventive strategies. World
J Clin Cases. 2018;6(13):589–99. doi:10.12998/wjcc.v6.i13.589.

40. MacLachlan J, Allard N, Carville K, Haynes K, Cowie B. Mapping
progress in chronic hepatitis B: geographic variation in preva-
lence, diagnosis, monitoring and treatment, 2013–15. Aust
N Z J Public Health. 2018;42(1):62–68. doi:10.1111/1753-
6405.12693.

41. Schwarz TF, BehreU, Adelt T, DonnerM, Suryakiran PV, JanssensW,
MesarosN, Panzer F. Long-term antibody persistence against hepatitis
B in adolescents 14–15-years of age vaccinated with 4 doses of hex-
avalent DTPa-HBV-IPV/Hib vaccine in infancy. Hum Vaccin
Immunother. 2019;15(1):235–41. doi:10.1080/21645515.2018.
1509658.

42. Hanna JN, Wild BE. Bacterial meningitis in children under five
years of age in Western Australia. Med J Aust. 1991;155
(3):160–64. doi:10.5694/j.1326-5377.1991.tb142183.x.

43. Horby P, Gilmour R, Wang H, McIntyre P. Progress towards
eliminating Hib in Australia: an evaluation of Haemophilus influ-
enzae type b prevention in Australia, 1 July 1993 to 30 June 2000.
Commun Dis Intell Q Rep. 2003;27:324–41.

44. Bower C, Payne J, Condon R, Hendrie D, Harris A, Henderson R.
Sequelae of Haemophilus influenzae type b meningitis in Aboriginal
and non-Aboriginal children under 5 years of age. J Paediatr Child
Health. 1994;30(5):393–97. doi:10.1111/j.1440-1754.1994.tb00686.x.

45. Wang H, Deeks S, Glasswell A, McIntyre P. Trends in invasive
Haemophilus influenzae type B disease in Australia, 1995-2005.
Commun Dis Intell Q Rep. 2008;32:316–25.

46. Anderson P, Pichichero ME, Insel RA. Immunization of 2-month-
old infants with protein-coupled oligosaccharides derived from
the capsule of Haemophilus influenzae type b. J Pediatr. 1985;107
(3):346–51. doi:10.1016/S0022-3476(85)80504-7.

47. Anderson P, Pichichero ME, Insel RA. Immunogens consisting of
oligosaccharides from the capsule of Haemophilus influenzae type
b coupled to diphtheria toxoid or the toxin protein CRM197.
J Clin Invest. 1985;76(1):52–59. doi:10.1172/JCI111976.

48. Kelly DF, Moxon ER, Pollard AJ. Haemophilus influenzae type
b conjugate vaccines. Immunology. 2004;113(2):163–74.
doi:10.1111/j.1365-2567.2004.01971.x.

49. National Centre for Immunisation Research & Surveillance.
Significant events in Haemophilus influenzae type b (Hib) vacci-
nation practice in Australia. 2018 [accessed 2019 Oct 04]. http://
www.ncirs.org.au/sites/default/files/2018-11/Haemophilus-
influenzae-type-b-history-July-2018.pdf.

50. National Centre for Immunisation Research & Surveillance.
Haemophilus influenzae type b (Hib) vaccines for Australian
children. [accessed 2019 Oct 24]. http://ncirs.org.au/ncirs-fact-
sheets-faqs/haemophilus-influenzae-type-b-hib-vaccines-
australian.

51. Bulkow LR, Wainwright RB, Letson GW, Chang SJ, Ward JI.
Comparative immunogenicity of four Haemophilus influenzae type
b conjugate vaccines in Alaska Native infants. Pediatr Infect Dis J.
1993;12(6):484–92. doi:10.1097/00006454-199306000-00006.

52. Menzies RI, Bremner KM, Wang H, Beard FH, McIntyre PB.
Long-term trends in invasive Haemophilus influenzae type
b disease among Indigenous Australian children following use of
PRP-OMP and PRP-T vaccines. Pediatr Infect Dis J. 2015;34
(6):621–26. doi:10.1097/INF.0000000000000681.

53. Carlsson RM, Claesson BA, Lagergard T, Kayhty H. Serum anti-
bodies against Haemophilus influenzae type b and tetanus at 2.5
years of age: a follow-up of 2 different regimens of infant
vaccination. Scand J Infect Dis. 1996;28(5):519–23. doi:10.3109/
00365549609037951.

54. Decker MD, Edwards KM, Bradley R, Palmer P. Comparative trial
in infants of four conjugate Haemophilus influenzae type b
vaccines. J Pediatr. 1992;120(2 Pt 1):184–89. doi:10.1016/S0022-
3476(05)80424-X.

55. Wang S, Tafalla M, Hanssens L, Dolhain J. A review of
Haemophilus influenzae disease in Europe from 2000–2014: chal-
lenges, successes and the contribution of hexavalent combination
vaccines. Expert Rev Vaccines. 2017;16(11):1095–105.
doi:10.1080/14760584.2017.1383157.

56. Guo Y-Y, Anderson R, McIver J, Gupta RK, Siber GR. A simple
and rapid method for measuring unconjugated capsular polysac-
charide (PRP) of Haemophilus influenzae type b in PRP-tetanus
toxoid conjugate vaccine. Biologicals. 1998;26(1):33–38.
doi:10.1006/biol.1997.0121.

57. Sturgess AW, Rush K, Charbonneau RJ, Lee JI, West DJ,
Sitrin RD, Hennessey JP. Haemophilus influenzae type
b conjugate vaccine stability: catalytic depolymerization of PRP
in the presence of aluminum hydroxide. Vaccine. 1999;17
(9):1169–78. doi:10.1016/S0264-410X(98)00337-5.

188 J. BAYLISS ET AL.

https://doi.org/10.1186/s12889-016-3086-x
https://doi.org/10.1186/s12889-016-3086-x
https://doi.org/10.5694/mja18.00063
https://doi.org/10.5694/mja18.00063
https://doi.org/10.5694/j.1326-5377.2001.tb143144.x
https://doi.org/10.5694/j.1326-5377.2001.tb143144.x
https://www.aihw.gov.au/reports/immunisation/vaccine-preventable-diseases/contents
https://www.aihw.gov.au/reports/immunisation/vaccine-preventable-diseases/contents
https://www.who.int/immunization/sage/meetings/2017/april/1_Final_report_Clarke_april3.pdf
https://www.who.int/immunization/sage/meetings/2017/april/1_Final_report_Clarke_april3.pdf
https://www.aihw.gov.au/getmedia/f4c418f9-b4fe-4fb3-84e6-366d5098a8a0/aihw-phe-236_Diphtheria.pdf.aspx
https://www.aihw.gov.au/getmedia/f4c418f9-b4fe-4fb3-84e6-366d5098a8a0/aihw-phe-236_Diphtheria.pdf.aspx
https://www.aihw.gov.au/getmedia/f4c418f9-b4fe-4fb3-84e6-366d5098a8a0/aihw-phe-236_Diphtheria.pdf.aspx
https://doi.org/10.3201/eid1501.080791
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1186/1471-2334-13-403
https://doi.org/10.5694/j.1326-5377.2009.tb02524.x
https://doi.org/10.1111/ajo.12061
https://doi.org/10.12998/wjcc.v6.i13.589
https://doi.org/10.1111/1753-6405.12693
https://doi.org/10.1111/1753-6405.12693
https://doi.org/10.1080/21645515.2018.1509658
https://doi.org/10.1080/21645515.2018.1509658
https://doi.org/10.5694/j.1326-5377.1991.tb142183.x
https://doi.org/10.1111/j.1440-1754.1994.tb00686.x
https://doi.org/10.1016/S0022-3476(85)80504-7
https://doi.org/10.1172/JCI111976
https://doi.org/10.1111/j.1365-2567.2004.01971.x
http://www.ncirs.org.au/sites/default/files/2018-11/Haemophilus-influenzae-type-b-history-July-2018.pdf
http://www.ncirs.org.au/sites/default/files/2018-11/Haemophilus-influenzae-type-b-history-July-2018.pdf
http://www.ncirs.org.au/sites/default/files/2018-11/Haemophilus-influenzae-type-b-history-July-2018.pdf
http://ncirs.org.au/ncirs-fact-sheets-faqs/haemophilus-influenzae-type-b-hib-vaccines-australian
http://ncirs.org.au/ncirs-fact-sheets-faqs/haemophilus-influenzae-type-b-hib-vaccines-australian
http://ncirs.org.au/ncirs-fact-sheets-faqs/haemophilus-influenzae-type-b-hib-vaccines-australian
https://doi.org/10.1097/00006454-199306000-00006
https://doi.org/10.1097/INF.0000000000000681
https://doi.org/10.3109/00365549609037951
https://doi.org/10.3109/00365549609037951
https://doi.org/10.1016/S0022-3476(05)80424-X
https://doi.org/10.1016/S0022-3476(05)80424-X
https://doi.org/10.1080/14760584.2017.1383157
https://doi.org/10.1006/biol.1997.0121
https://doi.org/10.1016/S0264-410X(98)00337-5


58. Menzies R, McIntyre P. Vaccine preventable diseases and vacci-
nation policy for Indigenous populations. Epidemiol Rev. 2006;28
(1):71–80. doi:10.1093/epirev/mxj005.

59. Naidu L, Chiu C, Habig A, Lowbridge C, Jayasinghe S, Wang H,
McIntyre P, Menzies R. Vaccine preventable diseases and vacci-
nation coverage in aboriginal and torres strait islander people,
Australia 2006-2010. Commun Dis Intell Q Rep. 2013;37:S1–S95.

60. Australian Institute of Health and Welfare. Whooping cough in
Australia. 2018. [accessed 2019 May 15]. https://www.aihw.gov.
au/getmedia/303c1ab7-9b04-4544-9c5d-852c533ac87a/aihw-phe
-236_WhoopingCough.pdf.aspx.

61. McIntyre P, Forrest J, Heath T, Burgess M, Harvey B. Pertussis
vaccines: past, present and future in Australia. Commun Dis
Intell. 1998;22:125–32.

62. Pillsbury A, Quinn HE, McIntyre PB. Australian vaccine preven-
table disease epidemiological review series: pertussis, 2006-2012.
Commun Dis Intell Q Rep. 2014;38:E179–94.

63. Quinn HE, McIntyre PB. Pertussis epidemiology in Australia over
the decade 1995-2005–trends by region and age group. Commun
Dis Intell Q Rep. 2007;31:205–15.

64. Kaczmarek MC, Valenti L, Kelly HA, Ware RS, Britt HC,
Lambert SB. Sevenfold rise in likelihood of pertussis test requests
in a stable set of Australian general practice encounters,
2000-2011. Med J Aust. 2013;198(11):624–28. doi:10.5694/
mja13.10044.

65. Senanayake S. Pertussis in Australia today - a disease of adoles-
cents and adults that can kill infants. Aust Fam Physician.
2007;36:51–56.

66. Marchant J, Chang A. Managing pertussis in adults. Aust Prescr.
2009;32:36–38. doi:10.18773/austprescr.2009.019.

67. Elliott E, McIntyre P, Ridley G, Morris A, Massie J, McEniery J,
Knight G. National study of infants hospitalized with pertussis in
the acellular vaccine era. Pediatr Infect Dis J. 2004;23(3):246–52.
doi:10.1097/01.inf.0000116023.56344.46.

68. Kaczmarek MC, Ware RS, McEniery JA, Coulthard MG,
Lambert SB. Epidemiology of pertussis-related paediatric inten-
sive care unit (ICU) admissions in Australia, 1997-2013: an obser-
vational study. BMJ Open. 2016;6(4):e010386. doi:10.1136/
bmjopen-2015-010386.

69. Marshall H, Clarke M, Rasiah K, Richmond P, Buttery J,
Reynolds G, Andrews R, Nissen M, Wood N, McIntyre P.
Predictors of disease severity in children hospitalized for pertussis
during an epidemic. Pediatr Infect Dis J. 2015;34(4):339–45.
doi:10.1097/INF.0000000000000577.

70. Wood N, Quinn HE, McIntyre P, Elliott E. Pertussis in infants:
preventing deaths and hospitalisations in the very young.
J Paediatr Child Health. 2008;44(4):161–65. doi:10.1111/j.1440-
1754.2008.01292.x.

71. Zurynski YA, McRae JE, Quinn HE, Wood NJ, Macartney KK.
Paediatric active enhanced disease surveillance inaugural annual
report, 2014. Commun Dis Intell Q Rep. 2016;40:E391–E400.

72. McRae JE, Quinn HE, Macartney K. Paediatric active enhanced
disease surveillance (PAEDS) annual report 2015: prospective
hospital-based surveillance for serious paediatric conditions.
Commun Dis Intell Q Rep. 2017;41:E264–e78.

73. McRae JE, Quinn HE, Saravanos GL, McMinn A, Britton PN,
Wood N, Marshall H, Macartney K. Paediatric active enhanced
disease surveillance (PAEDS) annual report 2016: prospective
hospital-based surveillance for serious paediatric conditions.
Commun Dis Intell. 2018;2019:43.

74. Foxwell AR, McIntyre P, Quinn H, Roper K, Clements MS. Severe
pertussis in infants: estimated impact of first vaccine dose at 6
versus 8 weeks in australia. Pediatr Infect Dis J. 2011;30
(2):161–63. doi:10.1097/INF.0b013e3181f43906.

75. National Centre for Immunisation Research & Surveillance.
Pertussis - Pertussis vaccines for Australians: information for
immunisation providers. 2019. [accessed 2019 Oct 07]. http://
www.ncirs.org.au/ncirs-fact-sheets-faqs/pertussis-vaccines-
australians.

76. Australian Government - Department of Health. Clinical update:
pertussis booster for 18 month olds. 2017 [accessed 2019 Jul 24].
https://www.health.gov.au/news/clinical-update-pertussis-booster-
for-18-month-olds.

77. Skoff TH, Kenyon C, Cocoros N, Liko J, Miller L, Kudish K,
Baumbach J, Zansky S, Faulkner A, Martin SW. Sources of infant
pertussis infection in the United States. Pediatrics. 2015;136
(4):635–41. doi:10.1542/peds.2015-1120.

78. Wiley KE, Zuo Y, Macartney KK, McIntyre PB. Sources of per-
tussis infection in young infants: a review of key evidence inform-
ing targeting of the cocoon strategy. Vaccine. 2013;31(4):618–25.
doi:10.1016/j.vaccine.2012.11.052.

79. Quinn HE, Snelling TL, Habig A, Chiu C, Spokes PJ,
McIntyre PB. Parental Tdap boosters and infant pertussis: a
case-control study. Pediatrics. 2014;134(4):713–20. doi:10.1542/
peds.2014-1105.

80. Rowe SL, Tay EL, Franklin LJ, Stephens N, Ware RS,
Kaczmarek MC, Lester RA, Lambert SB. Effectiveness of parental
cocooning as a vaccination strategy to prevent pertussis infection
in infants: a case-control study. Vaccine. 2018;36(15):2012–19.
doi:10.1016/j.vaccine.2018.02.094.

81. Donnan EJ, Fielding JE, Rowe SL, Franklin LJ, Vally H. A cross
sectional survey of attitudes, awareness and uptake of the parental
pertussis booster vaccine as part of a cocooning strategy, Victoria,
Australia. BMC Public Health. 2013;13:676. doi:10.1186/1471-
2458-13-676.

82. Rowe SL, Cunningham HM, Franklin LJ, Lester RA. Uptake of a
government-funded pertussis-containing booster vaccination pro-
gram for parents of new babies in Victoria, Australia. Vaccine.
2015;33(15):1791–96. doi:10.1016/j.vaccine.2015.02.051.

83. McIntyre P, Wood N. Pertussis in early infancy: disease burden
and preventive strategies. Curr Opin Infect Dis. 2009;22
(3):215–23. doi:10.1097/QCO.0b013e32832b3540.

84. Edwards KM. Protecting infants from pertussis disease. JAMA
Pediatr. 2018;172(11):1012–13. doi:10.1001/jamapediatrics.
2018.2363.

85. Forsyth K, Plotkin S, Tan T, Wirsing von König CH. Strategies to
decrease pertussis transmission to infants. Pediatrics. 2015;135(6):
e1475–e82. doi:10.1542/peds.2014-3925.

86. Lumbreras Areta M, Eberhardt CS, Siegrist C-A, Martinez de
Tejada B. Antenatal vaccination to decrease pertussis in infants: safety,
effectiveness, timing, and implementation. J Matern Fetal Neonatal
Med. 2019;32(9):1541–46. doi:10.1080/14767058.2017.1406475.

87. Vojtek I, Dieussaert I, Doherty TM, Franck V, Hanssens L,
Miller J, Bekkat-Berkani R, Kandeil W, Prado-Cohrs D, Vyse A.
Maternal immunization: where are we now and how to move
forward? Ann Med. 2018;50(3):193–208. doi:10.1080/
07853890.2017.1421320.

88. Marshall H, McMillan M, Andrews RM, Macartney K, Edwards K.
Vaccines in pregnancy: the dual benefit for pregnant women and
infants. Hum Vaccin Immunother. 2016;12(4):848–56.
doi:10.1080/21645515.2015.1127485.

89. McHugh L,Marshall HS, Perrett KP, Nolan T,WoodN, Lambert SB,
Richmond P, Ware RS, Binks P, Binks MJ, et al. The safety of
influenza and pertussis vaccination in pregnancy in a cohort of
Australian mother-infant pairs, 2012-2015: the FluMum study.
Clin Infect Dis. 2019;68(3):402–08. doi:10.1093/cid/ciy517.

90. National Centre for Immunisation Research & Surveillance. Influenza
vaccines: influenza vaccines for Australians: information for immuni-
sation providers. 2019 [accessed 2019 Oct 07]. http://www.ncirs.org.
au/ncirs-fact-sheets-faqs/influenza-vaccines-australians.

91. Krishnaswamy S, Wallace E, Buttery J, Giles M. Antenatal pertussis
vaccination: are we implementing best evidence into practice? Aust
N Z J Obstet Gynaecol. 2016;56(6):552–55. doi:10.1111/ajo.12554.

92. Van Bellinghen L-A, Dimitroff A, Haberl M, Li X, Manton A,
Moeremans K, Demarteau N. Is adding maternal vaccination to pre-
vent whooping cough cost-effective in Australia? Hum Vaccin
Immunother. 2018;14(9):2263–73. doi:10.1080/21645515.2018.
1474315.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 189

https://doi.org/10.1093/epirev/mxj005
https://www.aihw.gov.au/getmedia/303c1ab7-9b04-4544-9c5d-852c533ac87a/aihw-phe-236_WhoopingCough.pdf.aspx
https://www.aihw.gov.au/getmedia/303c1ab7-9b04-4544-9c5d-852c533ac87a/aihw-phe-236_WhoopingCough.pdf.aspx
https://www.aihw.gov.au/getmedia/303c1ab7-9b04-4544-9c5d-852c533ac87a/aihw-phe-236_WhoopingCough.pdf.aspx
https://doi.org/10.5694/mja13.10044
https://doi.org/10.5694/mja13.10044
https://doi.org/10.18773/austprescr.2009.019
https://doi.org/10.1097/01.inf.0000116023.56344.46
https://doi.org/10.1136/bmjopen-2015-010386
https://doi.org/10.1136/bmjopen-2015-010386
https://doi.org/10.1097/INF.0000000000000577
https://doi.org/10.1111/j.1440-1754.2008.01292.x
https://doi.org/10.1111/j.1440-1754.2008.01292.x
https://doi.org/10.1097/INF.0b013e3181f43906
http://www.ncirs.org.au/ncirs-fact-sheets-faqs/pertussis-vaccines-australians
http://www.ncirs.org.au/ncirs-fact-sheets-faqs/pertussis-vaccines-australians
http://www.ncirs.org.au/ncirs-fact-sheets-faqs/pertussis-vaccines-australians
https://www.health.gov.au/news/clinical-update-pertussis-booster-for-18-month-olds
https://www.health.gov.au/news/clinical-update-pertussis-booster-for-18-month-olds
https://doi.org/10.1542/peds.2015-1120
https://doi.org/10.1016/j.vaccine.2012.11.052
https://doi.org/10.1542/peds.2014-1105
https://doi.org/10.1542/peds.2014-1105
https://doi.org/10.1016/j.vaccine.2018.02.094
https://doi.org/10.1186/1471-2458-13-676
https://doi.org/10.1186/1471-2458-13-676
https://doi.org/10.1016/j.vaccine.2015.02.051
https://doi.org/10.1097/QCO.0b013e32832b3540
https://doi.org/10.1001/jamapediatrics.2018.2363
https://doi.org/10.1001/jamapediatrics.2018.2363
https://doi.org/10.1542/peds.2014-3925
https://doi.org/10.1080/14767058.2017.1406475
https://doi.org/10.1080/07853890.2017.1421320
https://doi.org/10.1080/07853890.2017.1421320
https://doi.org/10.1080/21645515.2015.1127485
https://doi.org/10.1093/cid/ciy517
http://www.ncirs.org.au/ncirs-fact-sheets-faqs/influenza-vaccines-australians
http://www.ncirs.org.au/ncirs-fact-sheets-faqs/influenza-vaccines-australians
https://doi.org/10.1111/ajo.12554
https://doi.org/10.1080/21645515.2018.1474315
https://doi.org/10.1080/21645515.2018.1474315


93. Niewiesk S. Maternal antibodies: clinical significance, mechanism of
interference with immune responses, and possible vaccination
strategies. Front Immunol. 2014;5:446. doi:10.3389/fimmu.
2014.00446.

94. Rowe SL, Perrett KP, Morey R, Stephens N, Cowie BC, Nolan TM,
Leder K, Pitcher H, Sutton B, Cheng AC. Influenza and pertussis
vaccination of women during pregnancy in Victoria, 2015–2017.
Med J Aust. 2019;210(10):454–62. doi:10.5694/mja2.50125.

95. Mohammed H, Clarke M, Koehler A, Watson M, Marshall H.
Factors associated with uptake of influenza and pertussis vaccines
among pregnant women in South Australia. PLoS One. 2018;13
(6):e0197867. doi:10.1371/journal.pone.0197867.

96. Saul N, Wang K, Bag S, Baldwin H, Alexander K, Chandra M,
Thomas J, Quinn H, Sheppeard V, Conaty S. Effectiveness of
maternal pertussis vaccination in preventing infection and dis-
ease in infants: the NSW public health network case-control
study. Vaccine. 2018;36(14):1887–92. doi:10.1016/j.
vaccine.2018.02.047.

97. Amirthalingam G, Campbell H, Ribeiro S, Fry NK, Ramsay M,
Miller E, Andrews N. Sustained effectiveness of the maternal
pertussis immunization program in England 3 years following
introduction. Clin Infect Dis. 2016;63(suppl_4):S236–S43.
doi:10.1093/cid/ciw559.

98. Dabrera G, Amirthalingam G, Andrews N, Campbell H, Ribeiro S,
Kara E, Fry NK, Ramsay M. A case-control study to estimate the
effectiveness of maternal pertussis vaccination in protecting new-
born infants in England and Wales, 2012–2013. Clin Infect Dis.
2014;60(3):333–37. doi:10.1093/cid/ciu821.

99. Moore HC, Fathima P, Gidding HF, de Klerk N, Liu B,
Sheppeard V, Effler PV, Snelling TL, McIntyre P, Blyth CC.
Assessment of on-time vaccination coverage in population sub-
groups: a record linkage cohort study. Vaccine. 2018;36
(28):4062–69. doi:10.1016/j.vaccine.2018.05.084.

100. Hull B, Hendry A, Dey A, Brotherton J, Macartney K, Beard F
Annual immunisation coverage report 2017. 2018. [accessed 2019
Aug 06]. http://ncirs.org.au/sites/default/files/2018-12/2017%
20Coverage%20Report_FINAL_2.pdf.

101. Lovie-Toon YG, Hall KK, Chang AB, Anderson J,
O’Grady K-AFJBPH. Immunisation timeliness in a cohort of
urban Aboriginal and Torres Strait Islander children. BMC
Public Health. 2016;16(1):1159. doi:10.1186/s12889-016-3825-z.

102. Hull BP, McIntyre PB. Timeliness of childhood immunisation in
Australia. Vaccine. 2006;24(20):4403–08. doi:10.1016/j.
vaccine.2006.02.049.

103. Beard FH, Hull BP, Leask J, Dey A, McIntyre PB. Trends and
patterns in vaccination objection, Australia, 2002-2013. Med
J Aust. 2016;204(7):275. doi:10.5694/mja15.01226.

104. Walton S, Cortina-Borja M, Dezateux C, Griffiths LJ, Tingay K,
Akbari A, Bandyopadhyay A, Lyons RA, Bedford H. Measuring the
timeliness of childhood vaccinations: using cohort data and routine
health records to evaluate quality of immunisation services. Vaccine.
2017;35(51):7166–73. doi:10.1016/j.vaccine.2017.10.085.

105. Pearce A, Marshall H, Bedford H, Lynch J. Barriers to childhood
immunisation: findings from the longitudinal study of Australian
Children. Vaccine. 2015;33(29):3377–83. doi:10.1016/j.
vaccine.2015.04.089.

106. Leask J, Kinnersley P, Jackson C, Cheater F, Bedford H, Rowles G.
Communicating with parents about vaccination: a framework for
health professionals. BMC Pediatr. 2012;12(1):154. doi:10.1186/1471-
2431-12-154.

107. Homel J, Edwards B. Factors associated with delayed infant
immunization in a nationally representative cohort study. Child
Care Health Dev. 2018;44(4):583–91. doi:10.1111/cch.12560.

108. Leask J, Danchin M. Imposing penalties for vaccine rejection requires
strong scrutiny. J Paediatr Child Health. 2017;53(5):439–44.
doi:10.1111/jpc.13472.

109. World Health Organization. Immunization, vaccines and biologi-
cals - Data, statistics and graphics. [accessed 2020 Feb 26]. https://
www.who.int/immunization/monitoring_surveillance/data/en/.

110. Bechini A, Boccalini S, Ninci A, Zanobini P, Sartor G, Bonaccorsi G,
Grazzini M, Bonanni P. Childhood vaccination coverage in Europe:
impact of different public health policies. Expert Rev Vaccines.
2019;18(7):693–701. doi:10.1080/14760584.2019.1639502.

111. Hill H, Elam-Evans L, Yankey D, Singleton J, Kang Y. Vaccination
coverage among children aged 19–35 months — United States,
2017. MMWR Morb Mortal Wkly Rep. 2018;67:1123–28.
doi:10.15585/mmwr.mm6740a4.

112. European Centre for Disease Prevention and Control. Disease
factsheet about poliomyelitis. [accessed 2020 Feb 13]. https://
www.ecdc.europa.eu/en/poliomyelitis/facts.

113. Centers for Diseases Control and Prevention. Polio elimination in
the United States. [accessed 2020 Feb 26]. https://www.cdc.gov/
polio/what-is-polio/polio-us.html.

114. World Health Organization. Diphtheria - number of reported cases.
[accessed 2020 Feb 26]. https://www.who.int/data/gho/data/indica
tors/indicator-details/GHO/diphtheria—number-of-reported-cases.

115. World Health Organization. Neonatal tetanus - number of
reported cases. [accessed 2020 Feb 26]. https://www.who.int/
data/gho/data/indicators/indicator-details/GHO/neonatal-
tetanus—number-of-reported-cases.

116. Centers for Diseases Control and Prevention. About Tetanus.
[accessed 2020 Feb 26]. https://www.cdc.gov/tetanus/about/
index.html.

117. European Centre for Disease Prevention and Control. Disease
factsheet about tetanus. [accessed 2020 Feb 26]. https://www.
ecdc.europa.eu/en/tetanus/facts.

118. Centers for Diseases Control and Prevention. Surveillance for
viral hepatitis – united States, 2017 [accessed 2020 Feb 13].
https://www.cdc.gov/hepatitis/statistics/2017surveillance/index.
htm#hepatitisB.

119. European Centre for Disease Prevention and Control. Hepatitis
B - Annual epidemiological report for 2017. [accessed 2020 Feb
26]. https://www.ecdc.europa.eu/sites/default/files/documents/
hepatitis-B-annual-epidemiological-report-2017.pdf.

120. European Centre for Disease Prevention and Control. Pertussis -
Annual epidemiological report 2016 [2014 data]. [accessed 2020
Feb 13]. https://www.ecdc.europa.eu/en/publications-data/pertus
sis-annual-epidemiological-report-2016-2014-data.

121. Skoff TH, Hadler S, Hariri S. The epidemiology of nationally
reported pertussis in the United States, 2000–2016. Clin Infect
Dis. 2018;68(10):1634–40. doi:10.1093/cid/ciy757.

122. Dhillon S. Spotlight on DTPa-HBV-IPV/Hib vaccine (Infanrix
hexa™)†. Biodrugs. 2010;24(5):299–302. doi:10.2165/11206690-
000000000-00000.

123. Omeñaca F, Vázquez L, Garcia-Corbeira P, Mesaros N, Hanssens L,
Dolhain J, Gómez IP, Liese J, Knuf M. Immunization of preterm
infants with GSK’s hexavalent combined diphtheria-tetanus-acellular
pertussis-hepatitis B-inactivated poliovirus-Haemophilus influenzae
type b conjugate vaccine: A review of safety and immunogenicity.
Vaccine. 2018;36(7):986–96. doi:10.1016/j.vaccine.2018.01.005.

124. Obando-Pacheco P, Rivero-Calle I, Gómez-Rial J, Rodríguez-
Tenreiro Sánchez C, Martinón-Torres F. New perspectives for
hexavalent vaccines. Vaccine. 2018;36(36):5485–94. doi:10.1016/j.
vaccine.2017.06.063.

125. Dhillon S. DTPa-HBV-IPV/Hib vaccine (Infanrix hexa™). Drugs.
2010;70(8):1021–58. doi:10.2165/11204830-000000000-00000.

126. Baldo V, Bonanni P, Castro M, Gabutti G, Franco E, Marchetti F,
Prato R, Vitale F. Combined hexavalent diphtheria-tetanus-
acellular pertussis-hepatitis B-inactivated poliovirus-Haemophilus
influenzae type b vaccine; Infanrix™ hexa. Hum Vaccin
Immunother. 2014;10(1):129–37. doi:10.4161/hv.26269.

190 J. BAYLISS ET AL.

https://doi.org/10.3389/fimmu.2014.00446
https://doi.org/10.3389/fimmu.2014.00446
https://doi.org/10.5694/mja2.50125
https://doi.org/10.1371/journal.pone.0197867
https://doi.org/10.1016/j.vaccine.2018.02.047
https://doi.org/10.1016/j.vaccine.2018.02.047
https://doi.org/10.1093/cid/ciw559
https://doi.org/10.1093/cid/ciu821
https://doi.org/10.1016/j.vaccine.2018.05.084
http://ncirs.org.au/sites/default/files/2018-12/2017%20Coverage%20Report_FINAL_2.pdf
http://ncirs.org.au/sites/default/files/2018-12/2017%20Coverage%20Report_FINAL_2.pdf
https://doi.org/10.1186/s12889-016-3825-z
https://doi.org/10.1016/j.vaccine.2006.02.049
https://doi.org/10.1016/j.vaccine.2006.02.049
https://doi.org/10.5694/mja15.01226
https://doi.org/10.1016/j.vaccine.2017.10.085
https://doi.org/10.1016/j.vaccine.2015.04.089
https://doi.org/10.1016/j.vaccine.2015.04.089
https://doi.org/10.1186/1471-2431-12-154
https://doi.org/10.1186/1471-2431-12-154
https://doi.org/10.1111/cch.12560
https://doi.org/10.1111/jpc.13472
https://www.who.int/immunization/monitoring_surveillance/data/en/
https://www.who.int/immunization/monitoring_surveillance/data/en/
https://doi.org/10.1080/14760584.2019.1639502
https://doi.org/10.15585/mmwr.mm6740a4
https://www.ecdc.europa.eu/en/poliomyelitis/facts
https://www.ecdc.europa.eu/en/poliomyelitis/facts
https://www.cdc.gov/polio/what-is-polio/polio-us.html
https://www.cdc.gov/polio/what-is-polio/polio-us.html
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/diphtheria%2014number-of-reported-cases
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/diphtheria%2014number-of-reported-cases
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonatal-tetanus%2014number-of-reported-cases
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonatal-tetanus%2014number-of-reported-cases
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/neonatal-tetanus%2014number-of-reported-cases
https://www.cdc.gov/tetanus/about/index.html
https://www.cdc.gov/tetanus/about/index.html
https://www.ecdc.europa.eu/en/tetanus/facts
https://www.ecdc.europa.eu/en/tetanus/facts
https://www.cdc.gov/hepatitis/statistics/2017surveillance/index.htm#hepatitisB
https://www.cdc.gov/hepatitis/statistics/2017surveillance/index.htm#hepatitisB
https://www.ecdc.europa.eu/sites/default/files/documents/hepatitis-B-annual-epidemiological-report-2017.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/hepatitis-B-annual-epidemiological-report-2017.pdf
https://www.ecdc.europa.eu/en/publications-data/pertussis-annual-epidemiological-report-2016-2014-data
https://www.ecdc.europa.eu/en/publications-data/pertussis-annual-epidemiological-report-2016-2014-data
https://doi.org/10.1093/cid/ciy757
https://doi.org/10.2165/11206690-000000000-00000
https://doi.org/10.2165/11206690-000000000-00000
https://doi.org/10.1016/j.vaccine.2018.01.005
https://doi.org/10.1016/j.vaccine.2017.06.063
https://doi.org/10.1016/j.vaccine.2017.06.063
https://doi.org/10.2165/11204830-000000000-00000
https://doi.org/10.4161/hv.26269

	Abstract
	Introduction
	Combination vaccines for pediatric vaccination
	Introduction of DTPa-HBV-IPV/Hib vaccination in Australia

	Methods
	Data sources
	Vaccination coverage
	Notifications of vaccine preventable disease
	DTPa-HBV-IPV/Hib vaccine impact
	Vaccine safety data

	Data analysis and reporting
	Compliance with research ethics guidelines

	Results and discussion
	Childhood vaccination coverage in Australia
	Tetanus, diphtheria and poliomyelitis in Australian children
	Hepatitis B
	Haemophilus influenzae type b
	Pertussis
	Strategies for reducing burden of pertussis disease in early infancy
	Optimization of the childhood vaccination schedule
	Cocooning
	Maternal vaccination

	Timeliness of childhood vaccination
	Comparison with other countries
	Safety surveillance
	Limitations and caveats of the current review

	Conclusion
	Authorship
	Medical writing, editorial, and other assistance
	Disclosure of potential conflicts of interest
	Funding
	Compliance with ethics guidelines
	Data availability
	References

